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Editorial on the Research Topic

Case reports in surgical oncology: 2022
Dear readership, it is my pleasure to present you the Research Topic published on

Frontiers in Oncology and Frontiers in Surgery entitled “Case Reports in Surgical Oncology:

2022”. While editing this Research Topic, unique and/or rare cases coming from different

fields of surgical oncology were selected among the submissions received. As a uro-

oncologist, I am very proud to present you a selection of the 18 case reports of interest for

the urologic surgeons out of the 55 submissions finally accepted. It is impressive to observe

the interest and the productivity of urology researchers witnessed by such numbers. This is

particularly true given the wide spectrum of diseases embraced by surgical oncology. I tried

to summarize you in a few sentences the key messages from each of the articles featured in

my editorial. An “organ-by-organ” sequence was followed.

Five submissions were focused on oncologic surgical interventions performed to treat

diseases of the genitalia or the sacral area. Hao et al. reported the case of a 69-year-old man

presenting with a growing, painless mass protruding from the penis. The patient underwent

resection of the penile mass, followed by extended resection in the second operation. The

diagnosis of leiomyosarcoma was verified by pathological examination. The authors

underlined that immunohistochemical examination is essential for rendering this rare

diagnosis. Yan et al. reported a case of superficial angiomyxoma in a 42-year-old male

patient. The patient was admitted to hospital with a perineal mass found more than 1 year

previously. A pelvic contrast-enhanced computed tomography scan confirmed the

6.0 cm × 8.6 cm × 4.5 cm with still clear borders seen below the penile corpus

cavernosum in the perineum. Perineal mass excision was performed, and pathology

report diagnosed perineal superficial angiomyxoma. Chen et al. presented a rare case of

aggressive angiomyxoma in the scrotum of a 70-year-old man, underlining the importance

of considering aggressive angiomyxoma in the differential diagnosis of myxoid neoplasms

growing painless in male genital areas. Jiang et al. reported about the fourth ever published

nuclear protein of the testis (NUT) carcinoma of probable ovarian origin. NUT is a rare

subset of poorly differentiated, highly aggressive malignancy defined by NUTM1 gene

rearrangements. The diagnosis is confirmed by immunohistochemistry. With their

publication, the authors underlined how it is essential to think about this rare disease

whenever an undifferentiated malignant neoplasm arises from the abdominopelvic cavity.

Chen et al. presented the case of a 49-year-old male patient with a history of frequent and
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urgent urination for 2 weeks. Radiologic studies revealed a large

cystic mass in the lower abdomen. The patient underwent

abdominal laparotomy, which revealed a large cystic mass arising

from the distal ileum invading the sigmoid mesocolon and the

bladder apex. Partial resection of the ileum along with the tumor

and the adjacent bladder was performed. Macroscopic examination

revealed that the cystic mass contained a large amount of foul-

smelling pus and a tumor-bowel fistula. The final pathology

revealed an abdominal stromal tumor. Postoperative recovery was

uneventful, and adjuvant imatinib mesylate 400 mg was

administered daily. The authors underlined that this is a rare

presentation of the disease.

Seven submissions were focused on surgeries for renal cell

carcinoma (RCC), of which two about partial nephrectomy, three

about radical nephrectomy, and two about metastasectomy in

metastatic RCC. Starting with partial nephrectomy, Yu et al.

presented the case of a 71-year-old female patient diagnosed with

a 20 x 16 cm RCC of the solitary functioning kidney. This was an

imperative indication for nephron-sparing surgery. The patient

initially presented with hematuria and acute urinary tract

obstructive anuria caused by renal calculi. She underwent

nephron-sparing surgery with success. It was a pT3 renal cancer.

At 26-month follow-up renal function recovered to baseline level.

No relapse was detected. Zou et al. reported the case of a 64-year-

old man who was diagnosed with an extremely rare case of localized

RCC in the left kidney complicated with situs viscerum inversus

totalis and abdominal cocoon. The patient underwent robot-

assisted partial nephrectomy. Surgery was uneventful. As

regarding radical nephrectomy, Ning et al. reported the case of a

female patient with low back pain diagnosed with a 7 cm left renal

cystic mass. The mass was diagnosed to be a mucinous

cystadenocarcinoma of the kidney after robot-assisted radical

nephrectomy. This is a rare renal epithelial tumor originating

from the urothelium of the pelvis. Zhang et al. reported the case

of a 40-year-old woman who presented Castleman’s disease arising

in the renal sinus which resembled a RCC. Castleman’s disease is a

rare benign lymphoproliferative disease that frequently involves the

mediastinal thorax and the neck lymph nodes. It rarely affects extra-

thoracic presentations, with even fewer presentations in the renal

sinus. In this case, the patient underwent radical nephrectomy.

Histological examination revealed hyperplastic lymphoid follicles in

the renal sinus and was finally diagnosed as Castleman’s disease.

The authors underlined that due to the low incidence of

Castleman’s disease at the level of the renal sinus, there is a

strong likelihood of missing the diagnosis. Finally, Courcier et al.

reported about a case of renal medullary carcinoma diagnosed in a

31-year-old male patient. It is a rare form of RCC with poor

prognosis, known to be associated with sickle cell trait or disease,

although the exact underlying mechanisms are still unclear. The

diagnosis is made through immunochemical staining for

SMARCB1 (INI1). The patient underwent upfront cisplatin-based

cytotoxic chemotherapy before surgical removal of the right kidney

and retroperitoneal lymph node dissection. Identical adjuvant

chemotherapy was administered post-surgery. The disease

relapses were detected in the retroperitoneal lymph nodes; these

were managed with chemotherapy and surgical rechallenges until
Frontiers in Oncology 0210
the patient died after 37 months of follow-up. The authors

underlined that current management of renal medullary

carcinoma relies on perioperative cytotoxic chemotherapy

strategies, given that there are no known alternative therapies that

have been shown to be superior to date. As aforementioned, the last

two reports focused on metastatic RCC and specifically about

surgical resection of unusual metastases of RCC. Shepherd et al.

retrospectively analyzed 20 years of electronic records at their

institution and reported about 5 patients with metastases of clear

cell RCC to the thyroid. This is an uncommon location for RCC

metastases, and the authors underlined about the importance to be

aware they can occur. Yang et al. presented the case of a 84-year-old

man who had small bowel intussusception and obstruction due to a

solitary metachronous metastasis from RCC. The solitary

metachronous small bowel metastases from RCC are rare. In

contrast to idiopathic intussusception frequently occurring in

children, adult intussusceptions are uncommon and usually

indicate the presence of a malignant neoplasm. Surgical resection

was performed with success. With their case, the authors underlined

that life-long follow-up of RCC patients is critical due to the

unpredictable behavior of the disease and the possibility of a long

period of dormancy. Surgical resection is the mainstay treatment for

such patients.

Four submissions were focused on surgeries for adrenal masses

or at least of excision of unusual masses located in the adrenal lodge.

Feng et al. reported the case of a giant cystic pheochromocytoma

in a 64-year-old woman discovered as a right abdominal mass during

ultrasonography. This is the largest pheochromocytoma ever

documented in China (20 cm in diameter). Atrophy of the right

lobe of the liver was found at preoperative imaging and confirmed

during surgical resection. The same group reported about

laparoscopic resection of an adrenal myelolipoma, a commonly

benign, asymptomatic, and hormonally non-secreting disease. They

underlined that there is insufficient awareness of this adrenal

incidentaloma among clinicians. Studies for establishing common

guidelines in the management of adrenal myelolipoma are needed

[Feng et al.]. Zou et al. reported the case of a 55-year-old patient

incidentally diagnosed with a soft-tissue mass located in the left

adrenal region. No specific abnormalities in biochemical indexes were

found but the patient had a 10-year history of hypertension. The

patient had undergone open splenectomy 20 years before for splenic

rupture caused by traffic-accident trauma. Because of the uncertain

nature of the mass, surgical treatment was recommended. During the

surgery, the adrenal origin was excluded. At final pathology, the

splenic corpuscle and splenic medullary structure were seen, so that

an accessory spleen was diagnosed. With their report, the authors

underlined that, although the diagnosis of adrenal tumours mainly

depends on imaging, misdiagnosis can occur for some adrenal space-

occupying lesions without specific signs/symptoms or abnormal

biochemical indexes. Finally, Li et al. reported about a rare case of

retroperitoneal bronchogenic cyst in a 57-year-old woman who was

admitted with no clinical symptoms and found to have masses in the

adrenal gland area during a routine physical examination. Abdominal

computed tomography revealed a cystic lesion found in the left

suprarenal region. The patient underwent a laparoscopic

exploration. The histopathological finding confirmed the diagnosis
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of a retroperitoneal bronchogenic cyst. The authors underlined how

such disease should be considered as one of the differential diagnoses

among the retroperitoneal neoplasms.

The last two reports featured covered surgical interventions for

other retroperitoneal neoplasms. Namely, Wang et al. reported

about the rare association between acromegalic facial features

induced by a retroperitoneal hemangiopericytoma and non-islet

cell tumor hypoglycemia, a rare cause of hypoglycemia caused by

the overproduction of high molecular weight insulin-like growth

factor (big-IGF2), which activates the insulin receptor and

subsequently caused hypoglycemia. The patient underwent

complete surgical resection of the diagnosed mass. Surgical

pathology demonstrated a hemangiopericytoma and strong

positive for IGF-2. Lastly, Su et al. reported the case of a giant

retroperitoneal cystic lymphangioma. Cystic lymphangioma is a

rare benign tumor of the lymphatic system, which is most observed

in the neck, head, and armpit. Less than 5% of lymphangiomas

occur in the abdominal cavity and even less in the retroperitoneum.

The patient underwent exploratory laparotomy, and the tumor was

completely removed.

This is just a taste of what you can read in this Research Topic of

unique case reports in urologic oncology. I hope I have intrigued

you. Please feel free to enjoy each of the summarized submission in

its full text format, which is open-access. You will definitely find

interesting figures, including imagings, frames from intraoperative
Frontiers in Oncology 0311
views, and photos of anatomo-pathology specimens when going

through the articles. I sincerely feel that you will appreciate the very

special clinical case scenarios in the present Research Topic.
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Introduction: Follicular thyroid carcinoma (FTC) rarely metastasizes to regional
lymph nodes, as they mainly metastasize through hematogenous route; in
particular, a large FTC with only lateral lymph node metastasis and without
distant metastasis has rarely been reported.
Case report: We present a 66-year-old male patient with a progressively
growing thyroid for more than 20 years, causing tracheal compression and
narrowing. Neck ultrasonography, computed tomography (CT), magnetic
resonance (MR) imaging and positron emission tomography–computed
tomography (PET/CT) were carried out to obtain images of the thyroid and
surrounding tissues. Total thyroidectomy and cervical lateral and central
lymph node dissection were undertaken, and histopathological, and
immunohistochemical evaluations and molecular pathology confirmed the
diagnosis of FTC with multiple cervical lymph node metastases.
Conclusion: We have reported a rare case of large FTC with diffuse nodal
involvement but no distant metastases. We present the thyroid ultrasound,
neck CT, MR and whole body PET/CT.

KEYWORDS

follicular thyroid carcinoma (FTC), cervical lymph node metastases, vascular invasion,

PET/CT, thyroid ultrasonography, TERT promoter mutation

Introduction

Follicular thyroid carcinoma (FTC) is a type of differentiated thyroid cancer (DTC)

derived from follicular cells that accounts for 10%–15% of all thyroid cancers. Its

incidence is second only to papillary thyroid carcinoma (PTC), but its mortality rate

is higher than that of PTC. Some patients have bone or lung metastases during initial

treatment (1, 2). FTC mainly metastasizes through the blood circulation, and usually

less than 10% metastasize through lymphatic system (3, 4).

Early diagnosis and treatment and the close follow-up of patients are the main

means to improve the prognosis and prolong the postoperative survival of patients

with FTC. However, unlike PTC, FTC is often associated with relatively benign

ultrasound features on ultrasound images and can be easily diagnosed as thyroid

follicular adenoma (FA) instead, which makes clinical treatment problematic (5).
01 frontiersin.org
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Additionally, it is difficult to obtain a diagnosis from a fine

needle aspiration, and the identification of cytological markers

are not developed enough currently (6). FTC is often

diagnosed based on clinicopathological vascular and capsular

infiltration, and is sometimes missed due to a lack of clear

infiltration foci or insufficient sampling, thus the diagnosis

relies on morphology combined with immunohistochemical

staining and molecular pathology (7).

Here, we report on a patient with a large FTC with lateral

lymph node metastasis and no distant metastasis, showing the

thyroid ultrasound, CT, MR and PET/CT images of the FTC

and cervical lymph nodes, which provided multimodal

preoperative imaging information for FTC.
Case report

This study was reported in agreement with principles of the

CARE guidelines (8). A 66-year-old male patient presented with

a progressively growing thyroid for more than 20 years, causing

tracheal compression and narrowing. The neck of the patient

was abnormally swollen, with engorged superficial veins. The

neck ultrasound revealed diffuse and swollen heterogeneous

hypo-echoic thyroid tissue (Figure 1A). Cervical lymph nodes

were enlarged, round and had no hilum on grayscale
FIGURE 1

Ultrasonographic images of the thyroid and lateral lymph nodes. (A) The thyro
sonography. (B,C) Cervical lymph nodes showed round shape and absence of
distribution of cervical lymph nodes. (D) A mixed-echoic cervical lymph nod
inside this lymph node. (E) A heterogeneous echoic cervical lymph node sh
heterogeneous echoic cervical lymph node showed rich blood flow signal a
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sonography, with different vascular distributions on color

Doppler flow imaging (CDFI) mode (Figures 1B–F).

Combined with the sonographic appearance of lateral lymph

nodes, the whole thyroid was highly suspicious for

malignancy. The neck CT was carried out to evaluate the

thyroid mass with surrounding tissues, which revealed an

extremely swollen thyroid with multiple enlarged cervical

lymph nodes, some of which were larger than 6 cm, and some

of which had obvious cystic changes and necrosis

(Figures 2A,B). Then, the neck MR was used to evaluate the

degree of stenosis of the cervical trachea and the need for a

tracheal stent. MR images showed uneven signal values in the

enlarged thyroid and lateral lymph nodes, and the tracheal

compression and narrowing was obviously observed

(Figures 2C,D). The patient had a tracheal stent placed before

surgery to prevent airway stenosis. Next, PET/CT with 18F-

fluorodeoxyglucose (18F-FDG) was performed to assess the

extent of disease in the whole body due to the large mass,

which showed extensive hypermetabolic lesions in the front of

the neck and partial extension to the retrosternal space

(Figure 3). Fortunately, this patient had no distant metastases.

In addition, the serum thyroglobulin (TG) was more than

10,000 ng/ml (normal range was 3.5–77.0 ng/ml), which was

far more than the normal value. The serum anti-TG value

was 1.620 IU/ml (normal range was 0.000–4.110 IU/ml).
id tissue displayed a heterogeneous echoic appearance on gray-scale
hilum on gray-scale sonography. (D–F) CDFI showed different vascular
e with more than 90% of cystic change revealed no blood flow signal
owed rich blood flow signal inside and around this lymph node. (F) A
round this lymph node.
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FIGURE 2

CT and MR images of the neck. (A) Transverse and (B) coronal sections of the neck revealed swelled thyroid with multiple enlarged cervical lymph
nodes on CT. (C) Transverse and (D) coronal sections of the neck revealed swelled thyroid with multiple enlarged cervical lymph nodes on MR,
causing the tracheal compression and narrowing.

Ye et al. 10.3389/fsurg.2022.995859
Then, a total thyroidectomy and cervical lateral and central

lymph node dissection were undertaken; this whole thyroid

was completely resected and weighted 623.2 g, which was

almost 30-fold higher than normal thyroid weight

(Figure 4A). The pathology report revealed a large diffuse

infiltrative FTC with the longest diameter of 16.0 cm and

more than 4 vascular invasion lesions (tumor cells invading

a vessel wall indicates with a black arrow, Figure 4C), and

nine cervical lymph nodes were removed and all of them

showed metastatic involvement of FTC (Figures 4K,L).

According to the eighth edition of the American Joint

Committee on Cancer/Tumor Lymph Node Metastasis

(TNM) staging system, the patient was in TNM stage II

(Any T, N1, M0) (9). The immunohistochemical stains of

FTC were positive for thyroid transcription factor (TTF-1)

and cytokeratin (CK) 7, partially positive for thyroglobulin

(TG) and CK pan, and negative for calcitonin and

parathyroid hormone (PTH), and the Ki67 proliferation

index was less than 1%, which is consistent with

the diagnosis of angio-invasive FTC (Figures 4D–J).
Frontiers in Surgery 03
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Next-generation sequencing (NGS) results revealed

epidermal growth factor receptor (EGFR) and telomerase

reverse transcriptase (TERT) promoter region (c.-124C > T)

mutations with tumor mutational burden (TMB) of 2.13

mutations/Mb.

The patient did not undergo ablative radioiodine therapy

post surgery due to non-medical reasons. The TG

concentration was measured 8 months after surgery and it

was 300 ng/ml (the normal value after surgery should not

exceed 1 ng/ml). The anti-TG was less than 1.980 IU/ml

(normal range was 0.000–4.110 IU/ml), while TSH was more

than 54.744 mU/L (normal range was 0.51–4.91 mU/L)

because the patient reduced the doses of L-thyroxin by

personal reason last 2 weeks. Enlarged bilateral cervical lymph

nodes were found in neck on ultrasonography and isotope

I-131 whole-body scan and SPECT that required second

surgery followed by radioiodine therapy. Subsequently, the

patient will be treated with suppressive doses of L-thyroxin.

Fortunately, the patient has completed relevant examinations

and is about to receive radioiodine therapy recently.
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FIGURE 3

PET/CT images of the patient. Increased 18F-FDG metabolism showed in the thyroid and cervical lymph nodes on the (A) transverse, coronal and (B)
sagittal sections. The orange arrow indicated one of the cervical metastatic lymph nodes.
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Discussion

FTC accounts for approximately 10% of the incidence of

thyroid cancer and is prone to distant metastasis via blood

vessels; in addition, FTC is more aggressive than PTC,

develops distant metastases more frequently and shows higher

mortality rate (2). Patient with FTC often experience no

obvious clinical symptoms; therefore, FTC is mostly found

when an ultrasound examination finds a single nodule, or

when the patient is admitted to hospital due to related clinical

symptoms associated with distant metastases. The most

common sites of metastases are the lungs and bones, followed

by the brain, liver and skin (3). In this case, this patient had a

history of swollen thyroid for many years, but he had not

received any treatment because there had been no obvious

pressure symptoms of dyspnoea, dysphonia or dysphagia. He

presented to our hospital with a progressively enlarged

thyroid accompanied by tracheal compression and narrowing.

Fortunately, this large FTC only had cervical metastatic lymph

node involvement without distant metastases. However, lymph

node metastases are rare in patients with FTC and usually

have an average incidence of less than 10%; though, in this

specific case, there were only lymph node metastases and no

signs of haematogenic spread.

Thyroid ultrasonography is the most commonly used

examination to evaluate thyroid nodules, and given that FTC
Frontiers in Surgery 04
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and FA have similar appearances in color ultrasonography,

and they may be misdiagnosed by inexperienced

sonographers. Typical FTC is mainly characterized by an ill-

defined shape, no fine halo, inhomogeneous echogenicity,

coarse calcification and solid composition, while FA often

shows a clear border, regular shape, fine halos, absence of

calcification and solid composition (5, 10). In this case,

thyroid ultrasonography showed a diffuse heterogeneous

echoic appearance of whole thyroid tissue, which was not

consistent with the sonographic findings of nodular FTC,

while the postoperative pathology was confirmed as diffuse

FTC. Ultrasonography is also the recommended method to

evaluate benign and malignant cervical lymph nodes. In this

case, all cervical lymph nodes were round and lacked a hilum,

and some of them showed obvious cystic changes on grayscale

sonography. Most of the lymph nodes displayed rich central

and peripheral vascularity in the lymph node, the others

showed peripheral vascularity, while some had no obvious

vascularity when the lymph nodes had more than 90% cystic

change. The ultrasonographic features of the lymph nodes

were consistent with the reported sonographic findings of

metastatic lymph nodes, and the postoperative pathology

confirmed metastatic lymph nodes from FTC.

CT, MRI and PET/CT examinations are also important for

accurate preoperative assessment (11). FTC is mainly

metastasized via the blood circulation, and once the primary
frontiersin.org
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FIGURE 4

Gross and histopathological sections of follicular thyroid carcinoma and metastatic lymph node. (A) Gross image of follicular thyroid carcinoma. (B,C)
H&E staining of follicular thyroid carcinoma (B, magnification × 40), black arrow indicated the vascular invasion of follicular thyroid carcinoma, the
thyroid follicular epithelial cells were invaded into the blood vessel (C, magnification × 100). (D–J) Immunohistochemical (IHC) staining of follicular
thyroid carcinoma (magnification × 200) for (D) TTF-1, (E) TG, (F) CK 7, (G) CK pan, (H) Ki 67, (I) calcitonin, (J) PTH. TTF-1 and CK7 were deeply stained
(positive), TG and CK pan were partially stained (partial positive), Ki67 proliferation index was less than 1%, calcitonin and PTH didn’t stain (negative).
(K,L) H&E staining of neck metastatic lymph node: (K) magnification × 16, (L) magnification × 400. Yellow dashed circle indicated the amplification
part in the picture K, black arrow indicated the normal part of the metastatic lymph node.
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thyroid tumor is suspected to be FTC, patients with suspected

FTC in other organs should undergo CT, MRI, PET/CT and

other related examinations for a comprehensive evaluation.

Parghane et al. reported on a 54-year-old male FTC patient

presenting with cough and occasional hemoptysis for 1 year

and hematuria for 6 months (12). A CT scan showed
Frontiers in Surgery 05
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heterogeneously enhancing soft tissue lesions in the hilar

region of the right lung, right lateral wall of the urinary

bladder, segment III of the liver, and destruction of the left

5th rib. A PET/CT showed intense 18F-FDG metabolism in

multiple mediastinal lymph node lesions, three liver lesions,

and multiple left thoracic and skeletal lesions. Therefore, FTC
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patients under initial treatment or those with recurrent

metastasis following surgical treatment or various other local

or systemic treatments, should be evaluated for their efficacy

to guide the formulation of further diagnosis and treatment or

follow-up strategies.

The histopathological diagnosis of FTC requires the

determination of capsular and/or vascular invasion and can

be divided into the following three categories: microinvasive,

encapsulated vascular invasion, and diffuse invasion. The

microinvasion of local blood vessels or capsules usually

involves less than 4 blood vessels or capsule infiltration.

Diffuse invasion usually has a poor prognosis, a high risk of

recurrence and metastasis, and easily metastasizes to bone,

lung, and occasionally to the soft tissue, liver or brain. In

DTC, the mutation rate of RAS is second only to BRAF, and

RAS mutation is the most common in FTC (13). However,

RAS gene mutations can occur in both malignant and benign

thyroid nodules, and the use of RAS alone in the differential

diagnosis of benign and malignant thyroid nodules and the

assessment of prognosis has limitations. Recent studies have

found that TERT promoter mutation is closely related to high

tumor aggressiveness, and TERT promoter mutated FTCs may

exhibit a specific miRNA pattern that in part regulates key

cancer pathways (14–16). Detection of the BRAF, RAS and

TERT promoters is helpful for evaluating and predicting the

biological behavior of thyroid cancer (17, 18). In this case, the

patient had the TERT promoter mutation, but exhibited only

cervical lymph node metastases and no distant metastases,

which was rarely reported. Unfortunately, the current

mechanism in this case is not very clear.

Surgery is the main treatment modality for FTC. In the ATA

guidelines, there is no difference between the surgical

recommendations for PTC and FTC (11). Post-surgery

ablative radioiodine treatment is recommended in all FTC

cases, not only the aggressive cases. Furthermore, an adequate

TSH suppression prolongs survival in high-risk thyroid cancer

patients (19). For FTC patients, the presence or absence of

distant metastasis directly affects the survival rate. Patient age,

vascular and capsular invasion, and surgical methods are all

related to tumor recurrence, metastasis and prognosis (20). In

this case, the patient underwent total thyroidectomy and

cervical lymph node dissection. However, the patient had

recurrent lymph node metastases and extremely high TG

level, which required second surgery followed by radioiodine

therapy.

According to ATA guidelines, this patient was classified in

ATA high risk. The patient needs to receive subsequent

radioiodine therapy, and the TSH levels should be suppressed

with L-thyroxin to <0.1 mU/L (11).

Unfortunately, the post-surgical management of this patient

was not in line with the ATA guidelines. The patient did not

receive ablative radioiodine treatment for non-medical

reasons. The lack of appropriate ablation has led to early
Frontiers in Surgery 06
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recurrence in the cervical lymph nodes, after 8 months the

patient had structural (enlarged bilateral cervical lymph nodes

in neck on Ultrasonography and isotope I-131 labeled SPECT

of the neck region) and functional (serum Tg > 300 ng/ml)

evidence of loco-regional metastases, which required second

surgery followed by radioiodine therapy. Subsequently, the

patient will be treated with suppressive doses of L-thyroxin.

FTC is sometimes missed due to a lack of clear infiltration

or to insufficient sampling; it is difficult to use

ultrasonography and FNA for diagnosis; and cytological

marker detection is currently not sufficiently developed.

Therefore, we need to raise awareness of FTC.
Conclusion

In this paper we have reported on a rare case of large FTC

with diffuse nodal involvement but no distant metastases. We

present the thyroid ultrasound, neck CT, MR and whole body

PET/CT.
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Background: Uterine leiomyomas are the most common gynecological
tumors in women of child-bearing age and premenopausal women, while
benign metastasizing leiomyomas of the heart are rare.
Case presentation: We report a rare case of metastasizing leiomyoma in the
heart of a 54-year-old woman 10 years after a uterine leiomyoma was
discovered during hysterectomy. Echocardiography, cardiac plain scan and
enhanced MRI at presentation showed a soft tissue signal mass in the right
ventricle. A large cardiac mass attached to the chordae of the tricuspid valve
and later shown to be histopathologically consistent with uterine leiomyoma
was successfully resected through a right atriotomy.
Conclusions: Our case report highlights a rare type of tumor of the heart and
suggests that metastasizing leiomyoma should be considered in the differential
diagnosis of right-sided cardiac tumors. The complete surgical resection of the
tumor was considered to be the best treatment.

KEYWORDS

metastasizing leiomyoma, heart, case report, surgery, outcome

Introduction

Primary cardiac tumors are rare, and most cardiac tumors are secondary to

metastatic disease (1). Overall, smooth muscle tumors of the heart are extremely rare.

Most of the smooth muscle tumors are occurring in reproductive women who have a

history of uterine leiomyoma resection or hysterectomy (2). The presenting symptoms

of cardiac tumor depend on the size, location of the mass, and eventual obstruction

to the inflow or outflow tracts. Most cardiac tumors are asymptomatic, and diagnosis

is made on the basis of heart murmur, arrythmias. Echocardiography, cardiac

magnetic resonance imaging (MRI), and computed tomography (CT) usually are

useful for establishing the diagnosis, although pathological diagnosis remains the gold

standard for diagnostic confirmation (3). Here, we report a rare case of metastasis of

uterine leiomyoma to the heart. The aim of this report is to increase awareness of this
Abbreviations

ER, estrogen receptor; PR, progesterone receptor; SMA, smooth muscle actin; FH, fumarate hydratase;
TEE, transesophageal echocardiography; CT, Computed Tomography; MRI, Magnetic Resonance
Imaging.
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metastatic tumor. This study was reported in agreement with

principles of the CARE guidelines (4).
Case presentation

A 54-year-old woman presented to the hospital due to with

a heart murmur detected at a routine examination. On physical

examination, the patient’s general condition and vital signs were

quite unremarkable; only the 2nd to 3rd costal segment of the

left margin of the sternum appeared abnormal, and 3/6

systolic blow-like murmurs could be heard; pericardial

frictional sounds were not heard, and there was no edema in

either lower limb. Echocardiography indicated right

ventricular space occupation. Cardiac plain scan and

enhanced MRI showed soft tissue signal mass shadows in the

outflow tract of the right ventricle (Figure 1). CT angiography

showed no macrovascular lesions. What’s more is that patient

had undergone hysterectomy in a local hospital 10 years

previously due to excessive vaginal bleeding from uterine

leiomyoma. The family histories were noncontributory to the

diagnosis.

The patient underwent right ventricular mass resection

under general anesthesia with low-temperature extracorporeal

circulation. The patient recovered well after the surgery. The

surgical findings showed that there was a 3 cm × 3 cm oblong

tomato-like mass with a smooth surface and tough texture

occupying the right ventricle. The tumor pedicle was

connected to the chordae of the tricuspid valve and

protruding into the right ventricular outflow tract, but other

portions of the tumor had no adhesion to the heart. The

specimens were laid out along their longitudinal axes and

fixed in 10% neutral formalin for 12 h. Ten representative

tissue samples were taken from different areas, dehydrated,

embedded in paraffin, and sequentially sectioned into 3-μm-

thick sections. The sections were incubated with primary

antibodies against desmin, ER, PR, myogenin, MyoD1,

caldesmon, pan-CK, Ki-67, SMA, CD117, FH, RB-1, MDM2,
FIGURE 1

Imaging of metastasizing leiomyoma. Enhanced MRI revealed soft tissue sign
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and CD34. PBS replaced the primary antibody as a negative

control. DAB color development and hematoxylin

counterstaining were performed. The primary antibodies and

the kit were purchased from Beijing Zhongshan Jinqiao

Company.

On histopathologic examination, the tumor appeared as a

grayish-white tubercle, with no exact capsule; it was solid and

tough and measured 3 cm × 3 cm × 1.5 cm in size (Figure 2).

Under the microscope, the spindle cells within the tumor

showed clear boundaries, mild cell morphology, fascicular

arrangement, and no mitotic figures (Figure 3).

Immunohistochemical staining for desmin, caldesmon, ER, PR

and SMA was positive, and the Ki-67 index was

approximately 2% (Figure 4). These morphologic features and

the immunohistochemical staining pattern confirmed a

diagnosis of benign metastasizing leiomyoma to the heart.
Discussion

Case review

Benign metastasizing leiomyoma is very rare. Benign

metastasizing leiomyoma involving the heart was first

reported by Timmis in 1980, and at least 8 other cases were

subsequently reported (Table 1).
Clinical manifestations, diagnosis,
treatment and prognosis

Metastasizing leiomyomas of the heart are most common in

middle-aged women. Most patients with metastasizing

leiomyoma have a history of hysterectomy/myomectomy

combined with an existing hysteromyoma. In the case

described here, the patient had a history of hysteromyoma

resection, and the time from the first hysteromyoma resection

to the discovery of cardiac leiomyoma was 10 years. The
al mass shadows in the outflow tract of the right ventricle.

frontiersin.org

https://doi.org/10.3389/fsurg.2022.991558
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 3

Histological examination (HE) of metastasizing leiomyoma. (A,B) The
spindle cell tumor showed clear boundaries, mild cell morphology,
fascicular arrangement, and no mitotic figures (H&E staining, A:
×100, B: ×400).

FIGURE 2

Macropathology of metastasizing leiomyoma. The leiomyoma
appeared as a solid, tough, grayish-white tubercle with no exact
capsule.

FIGURE 4

Immunohistochemical (IHC) features of metastasizing leiomyoma.
(Envision × 400) The spindle cells expressed desmin (A),
caldesmon (B), PR (C), ER (D) and SMA (E). The calculated Ki67
labeling index was less than approximately 2% (F).

TABLE 1 Summary of case reports of metastasizing leiomyoma in the heart.

Patient
age/
gender

Metastasis site(s) Cardiac
tumor size

Interval to metastasis Location in heart References

46/F Heart 7.5 1.5 years after hysterectomy Inferior vena cava Timmis AD, et al. (1980) (5)

44/F Heart, lung 4.7 4 years after hysterectomy Anterior papillary muscle of right ventricle Takemura G, et al. (1996) (6)

41/F Heart 3.5 3 months after hysterectomy Right anterior interventricular septum Galvin SD, et al. (2010) (1)

37/F Heart, lung, soft tissue,
liver and enterocoelia

NG* 11 years after leiomyoma resection Right cardiac chamber and cardiac wall Cai A, et al. (2014) (7)

55/F Heart, lung 4 16 years after hysterectomy Right atrium Consamus EN, et al. (2014) (8)

51/F Heart, lung 4.5 Simultaneously Right ventricle Williams M, et al. (2016) (9)

36/F Heart, lung 4.7 12 years after hysterectomy Abutted the pulmonary valve Meddeb M, et al. (2018) (10)

46/F Heart, lung and Pelvic 4.8 10 years after hysterectomy The tricuspid valve Mohamed M, et al. (2020) (11)

45/F Heart, lung 9 2 years after hysterectomy The tricuspid valve Karnib M, et al. (2021) (12)

54/F Heart 5 10 years after hysterectomy The tricuspid valve Current case

*NG, not given.

Li et al. 10.3389/fsurg.2022.991558
clinical symptoms of metastasizing leiomyoma are nonspecific;

the most common symptoms are dyspnea, syncope, edema of

the lower extremities, and palpitations. The patient described

here had no clinical symptoms, and the leiomyoma was found

by chance during physical examination. TEE, CT and MRI
Frontiers in Surgery 03
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can effectively assist preoperative diagnosis and guide surgical

treatment. Although clinical manifestations and imaging can

provide early and accurate assessment of the disease, the final

diagnosis depends on postoperative pathological examination.

Patients in whom there was complete tumor resection had a
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good prognosis, and no postoperative recurrence or death was

reported. Postoperative recurrence is common in patients with

incomplete tumor resection. In cases in which the tumor

cannot be completely removed, some researchers have

suggested the use of antiestrogen drugs (including tamoxifen

and letrozole) after surgery. Awonuga (13) and Rivera (14)

found that the tumor subsided after the use of antiestrogen

drugs after surgery. In our case, the patient underwent right

ventricular mass resection by surgery, and have not received

any medication. Postoperative cardiac MRI indicated that the

mass was completely removed, and there was no recurrence

after 12 months follow-up.
Pathological etiology

The behavior of cardiac leiomyoma is benign.

Microscopically, the tumor in our patient was composed of

fasciculate spindle smooth muscle cells with scattered stroma

in small blood vessels. No obvious bleeding or necrosis was

observed, and nuclear atypia, pleomorphism and mitoses were

also rare. The rare types of pathological variation previously

reported include angiomyoma (15), adipose leiomyoma (16),

lymphangiomyoma (17) and borderline leiomyoma (18). In

our case, immunohistochemistry showed positive results for

smooth muscle markers such as SMA and desmin, and the

lack of expression of vimentin ruled out a myofibroblastic

nature of the tumor. Intrauterine tumors have

histopathological and immunohistochemical characteristics

that are the same as those of cardiac leiomyomas originating

in the uterus. Some researchers have conducted molecular

genetic analysis of cardiac leiomyoma; the results of those

studies showed that almost all of the analyzed samples had

abnormal genotypes such as 45, XX, Der (14) T (12;14) (Q15;

Q24) (19), However, as cardiac leiomyomas are clinically rare,

their etiology remains to be further studied.
Histological origin

At present, there are two views on the histological

occurrence of leiomyomas. One is that the tumor originates

from uterine fibroids and extends into veins; this is the case

for the metastasizing leiomyomas reported in most studies

(20–22). The second is that primary cardiac leiomyomas may

originate from the smooth muscle tissue of the vein wall. In

this case, the tumor extends upward along the venous system

and may exceed the inferior vena cava and enter the right

atrium, right ventricle and even the pulmonary artery (15). In

our case, medical history, cardiac imaging findings and the

immunohistochemical staining pattern confirmed a diagnosis

of benign metastasizing leiomyoma originated from uterine

fibroids.
Frontiers in Surgery 04
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Differential diagnosis

The differential diagnosis of cardiac leiomyoma mainly

includes cardiac myxoma, cardiac leiomyosarcoma, and other

metastasizing cardiac tumors. Cardiac myxoma mostly occurs

in the left cardiac system, with an incidence of 87.3% to

85.5%; in this respect, it differs from cardiac leiomyoma,

which only affects the right cardiac system (23–25). Most

atrial myxomas are pedicled to the atrial septum or wall and

may be adherent to the wall. Histological morphology,

preoperative imaging examination and history of uterine

leiomyoma are helpful for differential diagnosis.

Leiomyosarcomas in the heart are malignant tumors with

similar clinical and imaging manifestations as leiomyomas of

the heart, and the two need to be differentiated through

postoperative pathology and immunohistochemical diagnosis.

Moreover, leiomyosarcomas have the behavioral characteristics

of malignant tumors and often metastasize to other organs or

sites such as the lung, lymph nodes, bone, skeletal muscle,

subcutaneous tissue and retroperitoneal space but do not

extend and grow in the venous system (26). Other

metastasizing cardiac neoplasms often invade the pericardium

or myocardial tissue, and their primary foci can be

determined by systemic radionuclide scanning.
Conclusion

Although metastasizing leiomyoma is rare, this tumor

should be considered in the differential diagnosis of cardiac

tumors, especially in patients with a history of uterine

fibroids. Future research is needed to better understand the

pathogenesis and treatment of such tumors.
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Introduction: Pheochromocytoma is a neuroendocrine tumor originating

from chromaffin cells in the adrenal medulla. Giant pheochromocytomas

with a maximum diameter of over 20 cm are particularly rare.

Case presentation: We present a case of giant cystic pheochromocytoma in a

64-year-old woman who was found to have a right abdominal mass during an

ultrasound examination, which is the largest pheochromocytoma ever

documented in China. Meanwhile, obvious atrophy of the right lobe of the

liver was found in preoperative CT and during the operation. Our literature

review identified 20 cases with a diameter of over 20 cm. The average age at

diagnosis was 51.7 (range 17–85), and 35% of cases did not exhibit classic

symptoms.

Conclusion: Giant pheochromocytoma is an uncommon neoplasm. It can be

discovered late due to a lack of clinical manifestations. Diagnosis is dependent

on imaging recognition together with catecholamine secretion. Surgical

resection is the only curative treatment for such tumors.

KEYWORDS

giant cystic pheochromocytoma, liver atrophy, case report, literature review, surgery
Introduction

Pheochromocytoma is an infrequent catecholamine-secreting neoplasm that arises from

chromaffin tissues, which tends to occur in the adrenal medulla (1). The estimated annual

incidence of pheochromocytoma is 0.4 to 9.5 per million (2). Hypertension, which can be

sustained or paroxysmal, is the most common sign (3). Episodic headache, palpitations, and

diaphoresis are the classical triad of clinical features, which can be seen in <25% of patients. At

least one component of the triad occurs in slightly less than 50% of patients. These episodes
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are connected with the catecholamine excess produced by the

tumor (4). In addition, local symptoms caused by the giant tumor

include stomachache, backache, abdominal distension, and some

atypical gastrointestinal symptoms. Commonly, it is a solid

tumor and histologically benign (5). Nevertheless, cystic

pheochromocytoma is a particular rare entity and is usually

asymptomatic but can be fatal due to cardiovascular

complications (6). The most accurate metabolic testing for the

biochemical diagnosis of this tumor is the elevated plasma-free or

24-h urinary fractionated metanephrines (7). Computed

tomography (CT) or magnetic resonance imaging (MRI) is the

preference for the initial anatomical localization of the tumor due to

its high sensitivity (90%–100%) and reasonable specificity (70%–

80%) (4). Once the pheochromocytoma is diagnosed, patients are

referred to surgical extirpation, which is the only curative strategy

(5). Currently, just a few cases concerning giant cystic

pheochromocytomas have been reported worldwide (8). Here, a

case of cystic pheochromocytoma with enormous size, a 20 × 15 ×

10 cm tumor, is described. The study is reported in agreement with

the principles of the CAse REport (CARE) guidelines (9).

Additionally, we have performed a literature review on

pheochromocytoma measuring 20 cm or greater to update the

clinical features of this rare disease. To our best knowledge, this is

the largest cystic pheochromocytoma in China as per the available

indexed literature.
Case presentation

On 20 April 2022, a 64-year-old woman was referred to the

West China Hospital after an abdominal mass was found on
Frontiers in Oncology 02
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ultrasound examination for mild right upper abdominal

discomfort. The patient reported no significant symptoms or

past medical history, while physical examination indicated a

large mass measuring 20 × 15 cm was palpated at the right upper

quadrant. On admission, her blood pressure was 127/89 mmHg,

and her heart rate was 78 beats per minute. Initial laboratory

investigations concerning biochemistry and hematology

examinations were within normal limits.

Abdominal enhanced CT revealed obvious compression

atrophy of the liver and a 20 cm × 13 cm mixture of cystic

and solid lesions between the right lobe of the retroperitoneal

liver and the right kidney (Figures 1A, B). Plasma metanephrine

and catecholamine measurements were performed, and evidence

of pheochromocytoma was increased upon observation of

elevated metanephrines and their metabolites in serum

(Table 1). The patient did not have underlying diseases such

as hypertension or diabetes. Before the metabolic testing, she did

not take blood pressure medications, acetaminophen, beta- and

alpha-adreno receptor blocking drugs, psychotropic

medications, or any drugs that might interfere with

her metabolism.

Based on endocrine consultation, an alpha receptor blocker

(phenoxybenzamine) was used for 2 weeks preoperatively. Three

days after that, we encouraged the patient to start a salt-rich diet.

In addition, an adequate fluid replacement was performed

preoperatively. Blood pressure and heart rate of 139/79 mmHg

and 77 beats per minute were recorded prior to surgery. The

resection of the giant right adrenal pheochromocytoma was

completed through a right subcostal incision under general

anesthesia (Figure 1C). During the operation, the omentum

majus widely adhered to the small intestine, abdominal wall,
FIGURE 1

(A, B) Abdominal enhanced computed tomography imaging representing the huge tumor between the right lobe of the retroperitoneal liver and
the right kidney. (C) A macroscopic image of the post-section cystic pheochromocytoma. (D) Excised tumor, measuring 20 × 15 × 10 cm.
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and liver. The right lobe of the liver was squeezed and atrophied

by the retroperitoneal tumor, which was located behind the

inferior vena cava. Blood pressure fluctuated intraoperatively,

between 83 and 157 mmHg for the systolic pressure and between

55 and 92 mmHg for the diastolic pressure. Heart rate was

measured between 57 and 87 beats per minute. After surgery, her

blood pressure was stable at 112/75 mmHg, and her heart rate

was 74 beats per minute. Subsequently, the patient was admitted

to an intensive care unit (ICU) for 2 days and then transferred to

the ward. Symptomatic supportive treatment was given while the

patient was in ICU, including hemodynamic monitoring, oxygen

inhalation, analgesia, infection prevention, fluid replacement,

and liver function protection. On postoperative day 4, oral

feeding was resumed, and the patient was discharged on the

eighth day after surgery with no complications. We suggested

genetic testing and developed a collaborative, multidisciplinary

long-term follow-up plan. With the first outpatient visit 1 month

after surgery, an annual follow-up with clinical and biochemical

assessment was recommended. The individualized follow-up

plan could be flexibly adjusted based on the gene detection

and monitoring results.

Pathological examination of the surgical specimen indicated

a necrotic change measuring 20 × 15 × 10 cm and weighing

2,240 g located in the retroperitoneum and right adrenal gland

(Figure 1D). Hematoxylin–eosin (H&E) staining showed a well-

circumscribed tumor surrounded by a fibrous capsule

(Figures 2A, B). Immunohistochemistry showed marked

pleomorphism within a few tumor cells, CD56(+), CgA (+),

Syn(+), CK (Pan)(−), MART-1(−), inhibitA(−), S-100(+), INI1

(+), Desmin(−), and Myogenin(−) (Figures 2C, D). According to

the immunohistochemical results , the diagnosis of

pheochromocytoma was made. Based on the staging system

introduced in the 8th edition of the American Joint Committee

on Cancer (AJCC) staging system, the tumor was determined

as T2M0N0.
Discussion

Our case reported a rare cystic pheochromocytoma with a

lack of evident endocrine symptoms, resulting in a large size and

late diagnosis. The extensive necrosis of the adrenal gland,
Frontiers in Oncology 03
26
resulting in reduced production of catecholamines, and the

retention of these hormones in the capsule mass after

secretion may be the explanation for the absence of symptoms.

As a result, the time to diagnosis was delayed, and the tumor size

was larger once it was detected.

Since serious complications such as myocardial infarction,

arrhythmias, dissection aortic aneurysms, heart failure,

malignant hypertension, and sudden death can be caused by

pheochromocytoma, it might give rise to premature mortality if

overlooked (10, 11). In addition to this, cases of misdiagnosis of

cystic pheochromocytoma such as pancreatic cystic tumor (12,

13), hepatic cystic tumor (14), simple adrenal cyst (15), and liver

abscess (16) under CT scan have also been previously

documented. Hence, it is essential to investigate the

characteristics of this tumor.

To date, a total of 20 cases (5, 8, 17–33) of giant

pheochromocytoma ≥20 cm were documented since the tumor

was first described in 1886 by Fränke (34). We reviewed previous

reports and summarized the clinical characteristics (Table 2).

The average age at the discovery of giant pheochromocytoma

was 51 (range 17–85) years. No significant difference was

observed in gender, with slightly more women (11 cases).

Additionally, similar findings were revealed in tumor

histopathology (five and six cases manifested as malignant and

benign, respectively). More cases had tumors that occurred on

the left (11 cases) side of the abdomen than on the right (seven

cases), and the rest of the articles did not explicitly state the site.

Most clinical manifestations were asymptomatic (seven cases)

and were often discovered occasionally during a physical

examination. In addition, backache (three cases), abdominal

pain (two cases), and chest pain (two cases) are relatively

common chief complaints. What is more, non-endocrine

manifestations, such as abdominal swelling, nausea,

constipation, fatigue, and weight loss, could also be presented

as the patient’s chief complaints.

Till now, the largest pheochromocytoma in the world was

recorded to be 45 × 20 cm originally by Grissom et al. in 1979

(17). The current case turned out to be the largest cystic

pheochromocytoma in China.

One of the unusual features of the present case is the cystic

components. Most of the time, pheochromocytoma is a solid

neoplasm originating from the adrenal medulla (29, 35), while
TABLE 1 Plasma metanephrines measurements confirming the pheochromocytoma diagnosis.

Patient values Units Ref range Status

Epinephrine 0.76 nmol/L <0.34 ↑

Norepinephrine 1.89 nmol/L <5.17

Dopamine 0.02 nmol/L <0.31

Metanephrine 30.72 nmol/L <0.42 ↑

Normetanephrine 96.54 nmol/L <0.71 ↑

3-Methoxytyramine 48.13 pg/ml <18.40 ↑
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cystic pheochromocytoma is a rare neuroendocrine tumor, with

only a few described in former studies (5, 18, 19, 21, 22, 25, 29,

31). Goldberg et al. and Samejimaonce et al. successively found

that the cystic fluid contains high concentrations of

catecholamines and metanephrines (22, 35). Extensive

hemorrhage followed by necrosis with cyst formation and

subsequent resorption of the contents may be the postulated

mechanism for this cystic degeneration in the tumor. Furtherly,

extensive hemorrhage was likely triggered by the tumor

outgrowing its vascular supply (36). This cystic change has

also been demonstrated in other primary adrenal neoplasms,

either benign cortical adenomas and hemangioma or primary

and metastatic malignant adrenal lesions (37).

Notably, despite the surgical margin being histologically

negative, the nature of the cystic pheochromocytoma should

be interpreted with caution.

As with many other neuroendocrine tumors, it is almost

impossible to confirm whether a tumor is benign or malignant

only by histological criteria (5, 38). According to 2017 WHO

classification of endocrine tumors, all pheochromocytomas are

deemed to have metastatic potential, replacing the previous term

“malignant” (39). This approach is maintained in the 2022

WHO classification (40). Thus, many researchers are

attempting to develop scoring or classification systems that

would predict the future behavior of pheochromocytoma.

Multifactorial assessment, including tumor size (≥5 cm), Ki-67

index, SDHB mutation, and the dopaminergic phenotype have

been suggested to assess the metastatic potential (40–42). These

methods for screening for SDHx mutations are reasonable for

rapid identification of patients at high risk of metastasis.
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However, accurate genetic testing remains essential (40). In

addition to this, the Pheochromocytoma of the Adrenal gland

Scaled Score (PASS) system has carried out a meaningful

attempt (43). This is a risk-stratification system entirely based

on histological features. However, the PASS score seems to be

more reliable concerning the negative predictive value for the

absence of metastatic behavior (44). The Grading system for

Adrenal Pheochromocytoma and Para-ganglioma (GAPP)

system, based on the growth pattern, cellularity, comedo-type

necrosis, and vascular or capsular invasion, complemented by

the Ki-67 index and catecholamine type demonstrates good

predictive performance (45).

However, the problem concerning the label “poorly

differentiated” for these neoplasms that are not poorly

differentiated in the context used for high-grade neuroendocrine

tumors has been noted by the WHO/International Agency for

Research on Cancer (IARC) classification. Currently, COmposite

Pheochromocytoma/para-ganglioma (COPPS) Prognostic Score

classification systems, with a sensitivity of 100% and specificity of

95%, are proposed. This score focuses on clinicopathological

criteria, including tumor size (>7 cm), necrosis, vascular

invasion, and SDHB immunohistochemical staining. As the

study was only recently published, it has not been

independently verified (40). At present, the latest version of

WHO classification does not recognize any of these systems but

at the same time does not discourage their use in individual

practices (40). Thereby, subsequent follow-up and metastasis

monitoring are still critical to patient care.

Upon suspicion of pheochromocytoma, verification can be

performed by biochemical testing (46). Among hormonal assay
FIGURE 2

H&E staining in (A) ×10 view and (B) ×40 view. (C, D) CD56 staining immunohistochemistry of the tumor.
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TABLE 2 A summary of reported giant pheochromocytomas with a maximal diameter greater than 20 cm, arranged by the largest to smallest
maximum diameter.

First
author

Year Country Size
(cm)

Weight
(g)

Sex Age Location Histopathological
evaluation

Operation
approach

Component Chief
complaint

1 Grissom 1979 USA 45 ×
25

3,000+ F 54 Left
abdomen

NA Open NA Asymptomatic

2 Arikan 2021 Turkey 30 ×
23

NA M 54 Right
abdomen

Benign Open Cystic Hypertension

3 Costa 2008 Brazil 30 NA M 46 Right
abdomen

Malignant Open Cystic Abdominal pain

4 Basso 1996 Italy 29 ×
21 ×
12

4,050 M 47 Left
abdomen

Malignant Open Solid Asymptomatic

5 Karumanchery 2012 England 28 ×
16 ×
13

2,300 F 85 Left
abdomen

NA Open Cystic Back pain

6 Maharaj 2017 Trinidad
and
Tobago

27 ×
18 ×
12

3,315 F 50 Left
abdomen

Low risk of malignancy Open NA Back pain,
fatigue, and
weight loss

7 Samejima 2019 Japan 27 NA M 45 Right
abdomen

Benign Open Cystic Abdominal
swelling

8 Gupta 2016 India 25 ×
17 ×
15

2,750 F 65 Left
abdomen

Benign Open Cystic Left upper
abdominal lump

9 Okada 2016 Japan 24 ×
23 ×
16

5,900 F 43 Abdomen NA Open NA Vulva edema

10 Dıáz-Roldán 2021 Spain 23 ×
15 ×
10

NA F 57 Right
abdomen

Benign Open NA Morning
headache

11 Suga 2000 Japan 21 ×
13 ×
21

3,900 M 48 Left
abdomen

NA Open Cystic Asymptomatic

12 Terk 1993 USA 21 ×
20 ×
11

2,870 M 35 Abdominal
and pelvic
cavity

NA Open NA Constipation

13 Arcos 2009 Canada 21 ×
17 ×
11

NA F 36 Left
abdomen

Malignant Open NA Lower back pain

14 Soufi 2012 India 21 ×
15

NA F 17 Right
abdomen

Malignant Open Cystic Asymptomatic

15 Cajipe 2017 USA 21 ×
12 ×
10.5

1,773 F 56 Left
abdomen

Benign Open Cystic Nausea, vomiting,
fainting spells

16 Ologun 2017 USA 20.5 ×
18 ×
10

2,582 F 55 Right
abdomen

NA Open NA Abdominal pain,
chest pain,
palpitation,

17 Melegh 2002 Hungary 20 NA M 55 Left
abdomen

NA Open Cystic Asymptomatic

18 Korgali 2014 Turkey 20 ×
17 × 9

1,736 M 63 Left
abdomen

Malignant Open Solid-cystic Chest pain,
sweating, nausea

19 Current case 2022 China 20 ×
15 ×
10

2,240 F 64 Right
abdomen

Benign Open Cystic Asymptomatic

20 Jiang 2017 China 20 ×
14 × 5

NA M 45 Left
abdomen

NA Open NA Asymptomatic
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tests, elevated levels of metanephrines in 24-h urine or plasma

are of the highest suggestibility (47). Anatomical imaging

should be followed as the first modality if biochemical tests

indicate the presence of pheochromocytomas. Abdominal or

pelvic CT scans are helpful and highly recommended (47, 48).

Other imaging studies, such as abdominal/pelvic multiphasic

CT or MRI scans or nuclear medicine imaging, including meta-

iodobenzylguanidine (MIBG) scintigraphy, FDG-PET/CT scans,

and DOTA-SSA PET/CT scans, should be performed as

appropriate if metastatic or multifocal disease is suspected

(47). Functional imaging enables accurate diagnosis of tumor

recurrence or metastasis that might go undetected by anatomical

imaging (49). Regarding differential diagnosis, [18F]-FDG can be

helpful to determine whether the tumors were benign or indicate

primary malignant adrenal diseases in non-functioning adrenal

masses with inconclusive CT/MRI imaging (50). Further, the

latest review recommends specific nuclear imaging for the

different clusters of pheochromocytoma when conducting

personalized surveillance and management (39, 50). Based on

genetic testing, [68Ga]-DOTA-SSA PET/CT is demonstrated as

the most sensitive functional imaging modality for cluster 1A,

while [18F] FDOPA PET/CT is more sensitive for cluster 1B and

cluster 2 tumors (39). Our CT image presents a sporadic isolated

adrenal mass, and pheochromocytoma was highly suspected

based on the imaging features. In addition, given the patient’s

financial situation and her wishes, we finally had no nuclear

medical examination performed.

Once a pheochromocytoma is diagnosed, surgery is the

preferred treatment whenever possible, regardless of its nature,

component, and size. In addition to the conventional open

approach, laparoscopic surgery has emerged as a favorable

approach due to its ability to decrease hospitalizations,

transfusion, and analgesia requirements. However, considering

tumor size and location, the open operation is still

recommended when tumors are with malignant potential,

bilateral, and larger than 8 cm. Currently, there are four

reports of laparoscopic excision of pheochromocytoma larger

than 10 cm, and the maximum is 14 cm (51–54). If metastatic

disease is present, primary tumor removal/debulking surgery

may also be performed to alleviate symptoms and signs of

catecholamine overdose or local symptoms.

Intraoperative hemodynamic monitoring, especially

management of the hypertensive crisis by an experienced

anesthesiologist, is essential for optimal surgical outcomes.

Arrhythmias are common during the procedure, and

intravenous administration of esmolol and lidocaine are

effective measures. After removal of the origin of excess

catecholamines in the circulation, postoperative hypotension

may be intractable and is usually managed with intravenous

fluid replacement (sometimes with vasopressors). Intravenous

glucose prevents hypoglycemia, which occurs in 10%–15% of

patients due to the elimination of the inhibitory effect of

catecholamines on insulin secretion.
Frontiers in Oncology 06
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Postoperatively, although there has been no accurate

consensus on follow-up, long-term multidisciplinary follow-

up is indispensable. Since genotype–phenotype presentations

have been proved to be associated with pheochromocytoma

personalized management, gene detection is encouraged for

patients. So far, 14 different susceptibility genes of

pheochromocytomas have been documented: NF1, RET,

VHL, SDHD, SDHC, SDHB, EGLN1/PHD2, KIF1b, SDH5/

SDHAF2, IDH1, TMEM127, SDHA, MAX, and HIF2a (55).

Among them, mutations of SDHB lead to tumor metastasis in

40% or more of affected patients (56). The 5th edition of the

WHO Classification encourages routine use of SDHB

immunohistochemistry (40). Vigilant imaging examinations

should be performed as required.

Collectively, we reported a fairly rare case of a giant cystic

pheochromocytoma and provided an up-to-date literature

review of patients with such tumors larger than 20 cm. Large

pheochromocytomas are usually asymptomatic and require

individualized surgery. The prognosis is generally well, but

long-term follow-up is required to monitor the tumor for

metastasis or recurrence.
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Case report: Castleman’s disease
involving the renal sinus
resembling renal cell carcinoma
Enlong Zhang1,2†, Yuan Li1† and Ning Lang1*
1Department of Radiology, Peking University Third Hospital, Beijing, China, 2Department of Radiology,
Peking University International Hospital, Beijing, China

Introduction: Castleman’s disease (CD) is a rare benign lymphoproliferative
disease that frequently involves the mediastinal thorax and the neck lymph
nodes. It rarely affects extrathoracic presentations, with even fewer
presentations in the renal sinus.
Patient concerns: In this report, we present a case of a 40-year-old woman
with no significant past
medical history who presented Castleman’s disease arising in the renal sinus.
Diagnosis and interventions: The patient visited our hospital with the chief
complaint of left renal sinus lesion after renal ultrasonography by regular
physical examination. Subsequent abdominal computed tomography urography
revealed a soft tissue mass with heterogeneous obvious enhancement in the
sinus of the left kidney, which was suspected to be a renal malignant tumor.
Hence, the patient underwent a left radical nephrectomy. Histological
examination revealed hyperplastic lymphoid follicles in the renal sinus and was
finally diagnosed as Castleman’s disease of the hyaline vascular type.
Outcomes: Five days after the surgery procedure, the patient was discharged.
Conclusion: Due to the low incidence of Castleman’s disease in renal sinus, there
is a strong likelihood of missed diagnosis or misdiagnosis, and it is, therefore,
important to be aware of the risk. Heightened awareness of this disease and its
radiographic manifestations may prompt consideration of this diagnosis.
Therefore, we explored the radiologic findings to find out some radiologic
features suggesting this condition to help clinicians to schedule nephron-
sparing surgery in the future.

KEYWORDS

hyaline vascular type, renal sinus, computed tomography urography, case report,

Castleman disease

Introduction

Castleman’s disease (CD), also known as giant lymph node hyperplasia, is a rare, and

clinically and histopathologically heterogeneous group of disorders sharing in common

an abnormal lymph node pathology of unknown etiology (1). The disease occurs in two

clinical forms: unicentric CD (UCD) and multicentric CD (MCD), and is divided
Abbreviations

CD, Castleman’s disease; UCD, unicentric CD; MCD, multicentric CD; CTU, computed tomography
urography; HU, Hounsfield unit; CMP, corticomedullary phase; NP, nephrographic phase; EP,
excretory phase.
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pathologically into three types: hyaline vascular, plasma cell

variants, and mixed type. UCD is the most common,

occurring at a rate of 16 per million person years and occurs

at any age (2); approximately 75% of these cases are hyaline

vascular variant and is usually curable by surgical resection.

MCD is classically associated with systemic symptoms and a

poorer prognosis. CD frequently involves the mediastinal

thorax and the neck lymph nodes (3). It rarely affects

extrathoracic presentations, with even fewer presentations in

the renal sinus. Preoperative diagnosis is difficult because

diagnostic imaging alone cannot distinguish CD from other

diseases due to the lack of tumor-specific signs. Here, we

report a case of hyaline vascular type CD with renal sinuses

involved. By reviewing the literature, we hope to find out the

imaging features to assist in the preoperative qualitative

diagnosis of this disease and as a reference to clinicians in the

future. The present case report is developed according to the

CARE checklist (4, 5).
Case presentation

A 40-year-old female patient presented to our hospital with

the chief complaint of left renal sinus lesion after renal

ultrasonography was performed as part of a healthy physical

examination. The patient had no symptoms of infection such

as fever, night sweats, or other clinical symptoms. Physical

examination also showed no obvious abnormalities.

Laboratory examinations such as C-reactive protein (CRP),

erythrocyte sedimentation rate (ESR), and interleukin-6 (IL-6)

showed no significant abnormalities. Urinalysis findings were

within normal limits, with urine cytology being normal, and

99mTc DTPA renal scintigraphy images showed normal renal

blood flow (Figure 1). Abdominal computed tomography

urography (CTU) revealed a 4.7 × 4.0 × 3.8 cm soft tissue mass

in the left renal sinus with heterogeneous obvious

enhancement (CT: 42HUPS, 136HUCMP, 122HUNP,

85HUEP) (Figure 2). The mass was adjacent to the renal

parenchyma, and the boundary was unclear. The left renal

artery and vein, renal pelvis, and calyces showed compression

changes. No obvious signs of dilated hydronephrosis were

observed in the urinary tract. Multiple enlarged lymph nodes

were seen retroperitoneum. A small amount of effusion was

observed in the pelvic cavity. A renal malignant tumor was

suspected, and the patient was scheduled for a left radical

nephrectomy. She did not have a family history of renal cell

carcinoma or genetic abnormalities. The cut surface of the

renal sinus in the middle of the kidney revealed a grayish-

yellow nodular mass (about 5.2 × 4.0 × 3.5 cm) with spotty

hemorrhage. The renal pelvis is unclear and the mass is

adjacent to the renal parenchyma. The mucosal layers of the

renal pelvis, calyces and ureter were intact, and no evidence of
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urothelial malignancy. Histological and immunohistochemical

findings were compatible with a diagnosis of CD of the hyaline

vascular type. The patient was discharged on day 5.
Discussion and conclusion

CD is a rare disease characterized by the massive growth of

the abnormal lymph node (1). The pathogenesis of CD remains

unknown. The possible mechanisms include chronic low-grade

inflammation, immunodeficiency state, and autoimmunity. CD

can be classified clinically as UCD and MCD, and pathologically

as hyaline vascular, plasma cell variants, and mixed type. UCD

is the most common, occurring at the rate of 16 per million

person years, occurs at any age (2), and is usually common in

young individuals. The most common pathological type is

hyaline vascular type, which is characterized by small and

transparent vascular follicles and proliferation of capillaries

between the hair follicles. Contrast-enhanced CT showed

significant enhancement, even to the vascular enhancement

level. The findings of UCD on 99mTc DTPA renal

scintigraphy have not been well-reported. Song et al. reported

a case of retroperitoneal extrarenal UCD. 99mTc DTPA renal

scintigraphy shows that both kidneys are functioning

normally. However, on both the posterior 2-s/frame blood

flow images and the 1-min/frame functional images, UCD

peaked at about the same time as the cortex of the kidneys

and gradually decreased at a similar rate to the kidney

activity. It seemed that the UCD exerted a mass effect and

compressed the right kidney laterally (6). These findings were

compatible with our case. However, the mass in our case was

small, there was no obvious mass effect, and no lesions were

found in the blood flow images and functional images. This

type is present in 90% of patients with UCD and its most

common location is the mediastinum. Usually, the diagnosis

of UCD is incidental, most cases of UCD are asymptomatic,

and often no laboratory abnormalities are present (7). Our

patient was asymptomatic.

Surgical resection for UCD is the most appropriate first-line

intervention, according to uniform panel consensus. Important

considerations are the location, the resectability, and the degree

to which the enlarged lymph node causes symptoms by

compressing neighboring anatomy or inducing a systemic

inflammatory syndrome. Recurrence of UCD after complete

surgical removal is rare (7). In our case, the tumor was

adjacent to the renal parenchyma, and the boundary was

unclear. In addition, multiple enlarged lymph nodes were seen

in the retroperitoneum. Therefore, the tumor was mistaken as

a malignant lesion originating from the kidney with lymph

node metastasis before the operation, so radical nephrectomy

was performed. In a similar report by Radfar et al., they

removed the mass laparoscopically and spared the left kidney,
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FIGURE 1

99mTc DTPA renal scintigraphy shows normal renal blood flow.

Zhang et al. 10.3389/fsurg.2022.1001350
but analysis images showed a certain distance between the lesion

and the renal parenchyma, suggesting that the tumor did not

originate from the kidney, and radical nephrectomy was not

performed (8). The plasma cell type is characterized by

patches of plasmacytic between large follicles. Compared with

the hyaline vascular type, it has less vascular density and is

associated with many signs and symptoms. The less common

MCD is usually found in older people, about 80%–90% of

these cases are plasma cell variants. Most patients with MCD

present with fever, malaise, anemia, elevated ESR, frequent

abdominal lymph nodes enlargement, systemic symptoms,
Frontiers in Surgery 03
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hepatosplenomegaly, and systemic lymphadenopathy. The

mixed type is characterized histologically by a combination of

hyaline vascular and plasma cell morphology.

CD rarely affects extrathoracic presentations, with even

fewer presentations in the renal sinus. To the best of our

knowledge, only a few cases have been reported (8–16). The

clinicopathological features of the reported cases are shown

in Table 1. There were 11 patients (8 males and 3 females).

However, CD is generally gender-neutral. The median age

of CD is 40 years old, and the mean age of sinus

involvement was 62 years. The main manifestations were
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FIGURE 2

CTU reveals a soft tissue mass in the left renal sinus with heterogeneous homogeneous enhancement after injection of contrast media.
(A) Unenhanced CT scan; (B) corticomedullary phase; (C) nephrographic phase; (D) excretory phase.
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abdominal pain (n = 2), weight loss (n = 2), microscopic

hematuria (n = 2), and anorexia (n = 1); however, five

patients were asymptomatic and the clinical type was UCD.

Abdominal pain can be seen both in UCD and MCD

patients, weight loss almost in MCD patients, and

microscopic hematuria in UCD patients. Seven cases were

from a single center and four cases were multi-center. There

were seven cases of plasma cell type, three cases of

transparent vascular type, and one case of mixed type. The

present patient, a 40-year-old female, was asymptomatic of

clinically UCD and pathologically transparent vascular type.

All mass sizes are less than 5 cm.

Since the treatment of CD is different from other diseases,

such as renal carcinoma, lymphoma, and paraganglioma, the

preoperative diagnosis of CD involving renal sinus will affect

the choice of clinical treatment. UCD is mainly a hyaline

vascular type, which is difficult to distinguish from other

vascular-rich tumors on imaging. Most are isolated soft tissue

masses with well-defined boundaries and minimal bleeding

and necrosis. Satellite lesions are seen at the edge of the mass.

The lesions in the corticomedullary phase are significantly

enhanced, comparable to the enhancement of the aorta, so the

images in this phase are easier to identify. Renal clear cell

carcinoma is mostly characterized by a solid soft tissue mass

with rich blood supply, which is accompanied by hemorrhage
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and necrosis when it is large. Most tumors show the

characteristics of “fast in and fast out” on enhanced scanning,

that is, the enhancement degree in the cortical phase is

similar to that in the renal cortex, and the enhancement in

the parenchymal phase is reduced. The above characteristics

are different from UCD. Lymphoma, which includes multiple

lesions, obvious enlargement of lymph nodes, fusion into

masses, cystic degeneration, and necrosis can be seen, the

degree of enhancement is lower than that of CD, and the

surrounding blood vessels are often surrounded, that is,

“vascular floating sign.” Paraganglioma: mostly solid or cystic

solid mass, with bleeding and fluid level, obvious

enhancement, and most of them have empty blood vessels.

Cystic degeneration is rare in UCD.

However, due to the low incidence of CD in renal sinus,

there is a strong likelihood of missed diagnosis or

misdiagnosis, and it is, therefore, important to be aware of the

risk. Heightened awareness of this disease and its radiographic

manifestations may prompt consideration of this diagnosis.

Therefore, it is important to be aware of the risk of this

condition, and the findings from this report might prove

useful to clinicians in the future. Therefore, in this case, we

explored the radiologic findings to find out some radiologic

features suggesting this condition to help clinicians to

schedule nephron-sparing surgery in the future.
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Sacral Ewing sarcoma with rib,
lung, and multifocal skull
metastases: A rare case report
and review of treatments

Chen Ye1,2†, Wei Wei1,2†, Xuebin Tang3†, Feng Li4†,
Baoquan Xin1,2, Qianqian Chen1, Haifeng Wei1,2,5*,
Shaohui He2,5* and Jianru Xiao1,2,5*

1School of Health Science and Technology, University of Shanghai for Science and Technology,
Shanghai, China, 2Spinal Tumor Center, Department of Orthopaedic Oncology, Changzheng
Hospital, Second Military Medical University, Shanghai, China, 3Department of Orthopaedics, The
Second Affiliated Hospital of Xuzhou Medical University, Xuzhou, China, 4Department of
Orthopaedics, the 943rd Hospital of Joint Logistics Support Force of People’s Liberation Army,
Wuwei, China, 5Department of Orthopaedics, No.905 Hospital of People's Liberation Army Navy,
Second Military Medical University, Shanghai, China
Ewing sarcoma (ES) rarely derives from the sacrum or mobile spine. The

discovery of primary ES with multimetastatic involvements is exceedingly less

frequent in clinical practice. A 23-year-old man with initial primary sacral ES

developed metastases of rib, lung, and multifocal skull after receiving surgical

intervention and series of adjuvant therapies. We provide this very rare case

consisting of its clinical features, imaging findings, treatments, and outcomes.

Therapeutic modalities of ES are also reviewed in previous published articles.

The prognosis of metastatic ES remains dismal; effective therapeutic modalities

for ES require multidisciplinary collaboration, with more high-quality clinical

trials to promote the optimal protocols.

KEYWORDS

ewing sarcoma, multifocal metastases, multidisciplinary treatments, decision
optimization, en bloc resection
Introduction

Ewing sarcoma (ES) is a rare sarcoma with high aggressiveness and peak occurrence

during 10–20 years old (1–3). ES generally originates from the diaphysis and metaphysis

of long bones, pelvis, and ribs (4, 5) and relatively uncommonly in the spinal column (6),

with fairly sparse cases of contemporary distal metastatic lesion involving the lung and

skull. The common sites of metastasis are the lung and bone (7). Currently, the

definitions of classic ES and peripheral primitive neuroectodermal tumors are

overlapping (8) and uniformly classified as ES (9), having a similar histological
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appearance of uniform small round tumor cells and

chromosome analysis of the most common t (10, 11)(q24;

q12) translocation with functional fusion of the Ewing

sarcoma breakpoint region 1 (EWSR1) gene and friend of

leukemia virus integration site 1 gene (FLI1) (10, 12). ES in

the sacrum and spine has worse prognosis than that in other sites

(13). To the best of our knowledge, few studies reported the case

of skull metastasis with or without systematic metastases (14–

16). However, only one case originally arising from the sacrum

was reported to develop lung and skull metastasis (17). Optimal

favorable therapeutic protocols have not been established yet on

such malignancy. Thus, we provide this very rare case including

its clinical features, imaging findings, treatments, and outcomes.

Therapeutic modalities of ES are also reviewed in previous

published articles.
Case presentation

A 23-year-old man developed initial back pain and

progressively worsened in the following 6 months. It started to

radiate to the hip with additional plantar numbness for 2 weeks;

he came to the local hospital for medication and suggested to our

department without regular treatments. However, he

complained that his sleeping quality was extremely poor due

to the night-increasing back pain, with weight loss of

approximately 5 kg in the last half year. Physical examinations

showed claudication, tenderness of the spinous process and

perispinous process at L5–S1 level, paresthesia of the left lower

extremity, abnormal Achilles tendon reflex, and positive Lasègue

sign of the left lower limb. Magnetic resonance imaging (MRI)

revealed a space-occupying lesion with abnormal signal of the

sacrum at the S1 level (Figure 1). Routine blood tests revealed

leukocytes as high as 17.5 * 109/L (normal range 4–10 * 109/L),

with neutrophil–granulocyte ratio of 75.8%.

Full evaluation and written informed consent informing about

the operation, as well as risks, were obtained after conducting

necessary preoperative examinations. Intraoperative biopsy

aiming at rapid diagnosis suggested the typical oncologic

histology of uniform small round cells, so we removed the

whole mass via an en bloc method, then bilateral vertebral

pedicles at L4–L5 level and posterior superior iliac spine were

used to accomplish spinal reconstruction. Emphasis was put on

exposing the tumor margin to ensure a radical surgical procedure

with a negative tumor margin. Oxaliplatin was used

intraoperatively (50 ml:500 ml normal saline) for local

chemotherapy on the basis of unbroken dura. The whole

procedure lasted 3.5 h, with blood loss of about 1,200 ml. The

postoperative physical examinations showed certain

improvements of the motor and sensory functions 10 days after

surgery. Subsequently, the hematoxylin–eosin (HE) and

immunohistochemical staining indicated small round tumor

cells with CD99(+), and histopathology confirmed the diagnosis
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of ES with molecular translocation t (10, 11)(q24;q12) with

EWSR1-FLI1 gene being identified. Postoperatively, he was

transferred to the Tumor Hospital of Jiangxi Province, where he

underwent two courses of external beam radiotherapy (EBRT)

and four cycles of systemic chemotherapy. He received EBRT at a

total dosage of 60 Gy with daily doses of 600 cGy (10 fractions in a

month) and 30 Gy with daily doses of 200 cGy (15 times in a

month). The chemotherapeutic protocol was cyclophosphamide,

dactinomycin, vincristine, and doxorubicin (CAVD), and the

blood test showed the quantity of leukocytes ranging from 2.32

to 2.55 * 109/L. Good local control, satisfactory spinal

reconstruction in the sacrum, and general condition of the lung

without detecting metastasis were gained through physical and

radiological examinations at 1, 6, and 12 months after

surgery, respectively.

However, the patient had been experiencing increasing

headache 13 months after sacral ES excision. Although X-ray

and computed tomography (CT) images did not indicate any

change of the operative region (Figure 2), the thoracic CT and

MRI of the brain demonstrated metastatic lesions of the rib, left

lung lobe, scalp, skull, and meninges (Figures 3, 4). Hence,

besides changes in the chemotherapeutic program [vincristine,

actinomycin D, and cyclophosphamide (VAC)] for six cycles, 20

Gy of whole-lung irradiation (WLI) was administered to him

over 28 days in two fractions. His general condition and quality

of daily life were temporarily stable without any sign of

progressions at the final follow-up of 17 months. The timeline

is shown in Figure 5.
Discussion

Epidemiology and clinical features

ES is the second most common primary malignancy of bone

and soft tissue in adolescents and young adults after osteosarcoma,

with an annual incidence of 1–3 persons per million and the

highest morbidity during 10–20 years old (3, 18, 19). The

incidence of ES among people of African and Asian ancestry is

exceedingly rare (20). Both bone and soft tissue can be the primary

lesions of ES with a relative incidence ratio of 7:3–17:3, and adults

are prone to have extraosseous ES than children (21, 22). ES of the

bone occurs mostly in the lower extremities and pelvis (1, 10),

while the involvement of the spinal column only accounts for 3%–

10% of all ESs (6, 22).

The common clinical features include local symptoms of

mass formation, induration, pain, pathological fracture (11), and

systemic characteristics of fever, anemia, fatigue, etc. (23). The

typical radiographic finding is persistent osteolytic lesion with

onion skin-like multilayered periosteal reaction and large soft

tissue mass (24). The diagnostic histological appearance of ES is

consistently small round and undifferentiated tumor cells with

little cytoplasm (11) and frequent expressions of CD99 (surface
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antigen MIC2) (25). Moreover, common translocation of the

EWSR1 gene from chromosome 22 to chromosome 11 is

detected in 85% of cases (2, 26), producing the fusion protein

product of EWS-FLI1 (12).

The spinal column as the primary site of ES is rare; data

derived from the Japanese Orthopaedic Association indicated

that 23 of 326 ESs (7%) between 2006 and 2011 arose from the

spine (11). In another study, Choi et al. (27) reported 13 patients

who were diagnosed as having ES family tumors (ESFTs) in the

spinal region that accounted for 14.3% of 91 cases during the
Frontiers in Oncology 03
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period of July 1988 and July 2012. Another large-sample study

demonstrated that 125 of 1,277 cases (9.8%) originated from the

vertebral column (6); meanwhile, the sacrum as the primary

lesion was detected in 67 cases (5.2%).

The distal metastatic rate can be 20%–30% of all cases, while

most of the metastases are to the lung and/or bone (7, 28).

Cranial with contemporary pulmonary metastasis from a

primary lesion of the sacrum is extremely rare. To our

knowledge, only one case originating from the sacrum had

ever been reported to develop multiple frontal lobes as well as
FIGURE 1

Preoperative X-ray and MRI revealed a space-occupying lesion with abnormal signal of the sacrum at the S1 level. (A) X-ray of the lumbosacral
spine; (B) sagittal MRI; (C) coronal MRI; (D) lateral MRI.
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lung metastasis (17). Turgut et al. (29) reported a 22-year-old

male patient with initial primary ES from the sacroiliac joint

developing brain metastasis of the temporal lobe and parietal

after 24-month treatments. As was reviewed, it was estimated

that bone and soft tissue sarcomas accounted for only 0.8% of all

cancers presenting with brain metastasis (30). Another study

demonstrated that brain metastasis from ES merely made

up <1.8% of all cases, with direct extension to adjacent central

neural system rates up to 32%–56% (31). Notably, via reverse

transcriptase polymerase chain reaction (RT-PCR), 20% of

patients with a diagnosis of localized ES were detected to have

widespread malignant tumor cells in the bone marrow and blood
Frontiers in Oncology 04
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(32), of whom could be presumed to have subclinical

metastatic disease.
Multidisciplinary treatments
and prognosis

Currently, the overall survival rate of patients with localized

disease had been improved due to the evolutionary

multidisciplinary management that includes local treatments

and systematic treatments, with 5-year survival rates up to

around 70% (10, 33). Initially, chemotherapy is effective
FIGURE 2

Postoperative X-ray (A) and CT (B) images did not indicate any change of the operative region.
FIGURE 3

Thoracic CT demonstrated the metastatic lesions of the rib, left lung lobe. White arrows indicate the lesions.
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against tumors, but relapses are common both locally and

distantly (1). Moreover, patients with ESFTs deriving from the

mobile spine and sacrum had an inferior 5-year survival rate of

42% (13). Metastatic status was found the strongest predictor of

prognosis, with a 5-year survival rate of 20%–30% reported in

previous articles (34, 35). What was worse was that patients with

multifocal lesions tended to have a lower survival rate of <20%

(36, 37). Disseminated primary disease and relapse accompanied

by extremely poor outcomes urgently demand novel

multidisciplinary treatments.
Radiotherapy

For localized ES, surgical intervention and/or radiotherapy

was recommended as an optimal modality for local control.

Irradiation had been the first-line therapeutic modality since ESs

are sensitive to radiotherapy (38, 39). With doses ranging from

36 to 60 Gy (40, 41), radiotherapy was adopted more frequently

on cases concerning spinal column involvements, considering

the difficulties of surgical resection and reconstruction of central
Frontiers in Oncology 05
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locations (42, 43). However, definitive radiotherapy resulted in

unfavorable prognosis with local recurrence rates of 33%–35%,

but no significant difference seen in disease-free survival and

overall survival, compared to surgeries (44, 45). In contrast,

opposite results were observed on another retrospective

study (46).

Moreover, radiation-induced second malignancy and

adverse effects on growth especially for adolescents could be

overlooked (47, 48). Indeed, radiotherapy is recommended as

the first consideration only for inoperable lesions, with dosage

ranging from 54 to 55 Gy (49). Additionally, it is recommended

as an alternative option for intralesional or questionable surgical

margins (34, 50).
Surgical intervention

Surgical interventions on localized ES played a significant role

in diagnosis, local control, and reconstruction of motor function

(24). Current studies demonstrated that surgical modality might

present more benefits than definitive radiotherapy, especially
FIGURE 4

MRI of the brain showed the metastases of the scalp, skull, and meninges.
FIGURE 5

Timeline of patients undergoing multidisciplinary management.
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with wide or radical margins (27, 44, 51). From our perspectives,

surgical interventions were capable of directly relieving tumor-

related pain for primary spinal lesions and were able to

immediately release the possible existing spinal cord

compression to regain ambulatory status to obtain higher local

control rates and enhance the quality of life. The specific surgical

modality was associated with the patient’s general condition, the

tumor location, the possibility for entire excision, and the

patient’s willingness (52). As was acknowledged, the initial

tumor volume was found robustly correlated with prognosis; a

maximal diameter >8 cm (53) or a volume >200 ml (54) was

regarded with poor survival. In addition, for resected ES,

histological response was revealed as the strongest prognostic

predictor rather than the tumor volume (54). However, direct

comparison and further randomized trials between surgical

interventions and radiotherapy were actually infeasible because

of the patient selection bias. What could be recommended was

that the combination of surgery and irradiation was definitely

superior to definitive radiotherapy (27), with a 5-year survival

rate of 72% compared to 27% in the previous study (55). Notably,

preoperative and postoperative radiotherapy should be

performed in cases of inadequate surgical margin (11).
Systemic chemotherapy

For metastatic and localized ES, systemic chemotherapy

remains a significant treatment modality. The relevant

therapeutic drugs included vincristine (V), ifosfamide (I),

dactinomycin (A), etoposide (E), cyclophosphamide (C), and

doxorubicin (D), with the recommended combination of VIDE/

VAI in Europe and VDC/IE in the United States (34, 36, 56). A

randomized comparison between VAI and VAC elaborated that

cyclophosphamide may be able to replace ifosfamide in the

treatment of standard-risk ESs, which were defined as localized

ESs with either a good histological response to chemotherapy

(<10% viable cells) or small tumors (<200 ml) resected at

diagnosis or receiving radiotherapy alone as local treatment

(56). In addition, Womer et al. (57) demonstrated that the 5-

year event-free survival (EFS) rate of patients with localized ES

who were assigned to 2-week interval of receiving VDC-IE

chemotherapy was higher than that of those assigned to 3-

week treatment interval (73% vs. 65%, p = 0.048). Additionally,

phased results of the Euro-Ewing 2012 trial show improved

overall survival without an increase in toxicity for the VDC-IC

group (58).

However, outcomes of systemic chemotherapy toward

metastatic ES and recurrent and primary refractory Ewing

sarcoma (rEECur) remained extremely poor, where 5-year OS

rates are less than 30% (7) and 15% (59). Previous study revealed

that the combination of IE and VACD did not improve

outcomes with an 8-year EFS and OS of 20% and 32%,

respectively. In addition, no significance was found between
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high-dose chemotherapy plus stem cell transplantation and

conventional chemotharpy (60, 61). Notably, better prognosis

was confirmed in patients with isolated pulmonary metastasis

than those with bone/bone marrow and multisite metastases

(7, 62). In the first randomized trial of rEECur, topotecan/

cyclophosphamide (TC) or high-dose ifosfamide (IFOS) was

demonstrated to be promising and the trial continues to recruit

participants (59). Optimal therapeutic protocols on bone/bone

marrow or multimetastatic patients remained a challenge for

clinicians. The management of patients with metastases,

recurrences, and weak responses requires robust evidence from

multicenter trials conducted internationally.

Currently, chemotherapy was administered not only for

metastatic control or prevention but also for local control as a

neoadjuvant and/or postoperative modality (34). The current

treatment algorithm includes neoadjuvant multiagent

chemotherapy followed by local treatment, which can be either

surgery or radiotherapy or a combination of both. We believed

that preoperative chemotherapy should be applied in order to

eliminate the potential micrometastasis and create opportunities

for subsequent tumor resection via shrinking the tumor volume.
Targeted therapy

Since the prognosis of patients with metastatic EFSTs remains

dismal, molecular targets have been applied in the preclinical and

clinical treatment protocols. Because of the difficulty of targeting

fusion oncoproteins mediated by chimeric transcription factors,

attention was shifted to alternative mechanisms regulated by

oncogenic fusion transcription factors.

TK216 was designed to bind specifically to oncoproteins in

the family of ETS transcription factors. In a phase I/II study, an

overall clinical benefit rate of 64% (7/11) was observed after

receiving TK216 alone or with vincristine (63). Insulin-like

growth factor 1 receptor (IGF-1R) is one of the most

important targets because tumor growth, metastasis, and

angiogenesis are achieved through the activated IGF-1R

pathway (26, 64). However, the application of IGF-1R-directed

antibodies or small-molecule inhibitors was only able to provide

a transient response in a low proportion of patients in several

phase I/II clinical trials (65–67). EWS-FLT1, expressed in most

ES cells, contains a DNA-binding domain at the C-terminus and

could be an optimal target for new drugs at different expression

levels (10). YK-4-279, known as a typical small-molecule

inhibitor of RNA helicase A (RHA), has the capacity to

interfere with the binding between EWS-FLT1 and RHA to

induce apoptosis in in vitro and in vivo experiments (68–70).

Poly (adenosine diphosphate–ribose) polymerase (PARP)

inhibitors are capable of interfering with the DNA repair

process of ES in preclinical models, but they do not yield any

positive results in clinical trials (71, 72). In addition,

combination between targeted therapy and other therapeutic
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modalities may be more effective than using either alone (73).

Nonetheless, although large quantities of targeted drugs had

been invented and tested with definitive favorable results, more

rigorous multicenter and large-scale clinical trials are required to

detect the long-term effects and biological safety of molecular

targeted drugs.
Conclusions

In conclusion, effective treatment modalities for localized

and metastatic ES require multidisciplinary collaboration, with

more high-quality clinical trials to promote optimal

therapeutic protocols.
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Case report: Hepatic epithelioid
angiomyolipoma with elevated
alpha-fetoprotein and a history
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Background: Perivascular epithelioid cell tumors have characteristic
histological and immunohistochemical profiles. Epithelioid angiomyolipomas
in the liver have particularly rare characteristics. These tumors are relatively
small and lack clinical and imaging specificity. Thus, they can be easily
misdiagnosed as other primary or metastatic tumors prior to surgery. Due to
the significant epithelioid morphology and atypia of hepatic epithelioid
angiomyolipoma (HEAML), intraoperative frozen section pathologic diagnosis
might be challenging.
Case presentation: A 33-year-old woman was admitted to our hospital for
elevated alpha-fetoprotein (AFP) levels after a regular checkup following
breast cancer surgery. Initially, liver cancer was suspected based on
enhanced magnetic resonance imaging and color Doppler ultrasonography.
Her serum AFP levels were 23.05 ng/ml. The patient underwent laparoscopic
right hepatic tumor resection. Based on intraoperative cryopathology,
hepatocellular carcinoma was considered a likely diagnosis. However,
postoperative pathology confirmed a right HEAML. The patient underwent
regular checkups for 23 months without exhibiting recurrence or distant
metastasis.
Conclusion: HEAML can be easily misdiagnosed on preoperative imaging and
intraoperative cryopathology. Medical professionals must be aware of this
possibility and proceed with caution. Postoperative pathological examination
with assessment of IHC markers was helpful in diagnosing HEAML. HEAML
has low malignant potential. Surgical resection is the mainstay of treatment,
and most patients have a good prognosis.

KEYWORDS

hepatocellular carcinoma, hepatic epithelioid angiomyolipoma, alpha-Fetoprotein,

breast cancer, case report
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1. Introduction

Hepatic epithelioid angiomyolipoma (HEAML) is a rare

neoplasm and is an unusual type of the perivascular

epithelioid cell tumor. On clinical and imaging examination,

HEAML is often misdiagnosed as liver cancer or other types

of lesions. Therefore, it is treated with mass complete

resection. On pathological examination, various morphologies

of HEAML resemble other benign and malignant liver

tumors. Herein, we present a case of HEAML in a patient

with a history of breast cancer and elevated alpha-fetoprotein

(AFP) levels. To the best of our knowledge, this is the first

case of HEAML presenting with elevated AFP levels. Our study

describes the histopathological and immunohistochemical

characteristics of the HEAML tumor and clinical and imaging

manifestations of the case. The patient had no history of

hepatitis or cirrhosis.
2. Case description

A 33-year-old woman was admitted to our hospital on

January 16, 2019, for elevated AFP levels. During a routine

follow-up after combination therapy for breast cancer, her

serum test results showed AFP levels of 23.05 ng/ml (normal

levels: <13.6 ng/ml). At that time, the patient had no

abdominal pain or distension, anorexia, nausea, vomiting, acid

regurgitation, yellow skin, or eyes, urine, or skin irritation,

and she exhibited no features of chronic liver disease;

meanwhile, there were no clinical features to suggest

metastatic breast cancer. Physical examination revealed a

12 cm surgical incision due to a modified radical mastectomy

of the left breast that the patient had undergone six years

prior at our hospital. This surgery had been performed to

treat the invasive carcinoma of her left breast after completing

four cycles of postoperative chemotherapy. The extent of

wound healing at the surgical site indicated no adverse events.

Furthermore, no nodules were found. The liver and spleen

were not swollen under the costal xiphoid process with no

percussion pain in the liver area. Moreover, the abdomen was

soft without tenderness.
2.1. Ethics declarations

This study was approved by the Dongyang Hospital,

Affiliated to Wenzhou Medical University, Ethics Committee.

The patient provided written informed consent to participate

in this study. Additionally, written informed consent was

obtained from the patient for the publication of any

potentially identifiable images or data included in this article.
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This study was reported in agreement with principles of the

CARE guidelines (1).
3. Diagnostic assessment

3.1. Imaging findings

Contrast-enhanced magnetic resonance imaging (MRI)

scans of the liver revealed abnormal findings, including low

signals on T1-weighted imaging and slightly elevated signals

on the T2 fat saturation sequence. An area of hypodensity

was observed in the right anterior segment of the liver with a

1.0 cm diameter and a clear boundary. Afterward, there was a

significant enhancement in the arterial phase and a decrease

in the portal phase. There was no dilatation of the

intrahepatic bile duct and no lesions were detected in the

region of the hepatic hilum. In addition, no swollen lymph

nodes were found in the retroperitoneal area. The lesion in

the right anterior segment of the liver was suggestive of

hepatocellular carcinoma (Figure 1).

3.1.1. Contrast-enhanced liver ultrasound
A slightly low echo area of approximately 13 × 11 mm in

size was found in the upper segment of the right anterior lobe

of the liver, with an irregular shape and uneven internal echo.

The ulnar vein was injected at 10 minute intervals with 1.5 ml

sulfur hexafluoride as ultrasound contrast agent. Contrast-

enhanced ultrasonography revealed nodules in the upper

segment of the right anterior lobe of the liver that began to

strengthen at 12 s, reached a peak at 20 s, and then began to

subside. This showed arterial hypervascularity with washout,

with a range of approximately 13 × 13 mm, suggesting a high

possibility of primary hepatic carcinoma (Figure 2).
3.2. Treatment

Laparoscopic-assisted resection of the right hepatic tumor

was performed. During the operation, the tumor was found to

be 1.0 cm in size, with clear edges, and >1 cm from the cut

edge. The tumor was completely resected. In the frozen

section pathological analysis of the right liver specimen, the

possibility of hepatocellular carcinoma was tested first. The

patient recovered and was discharged post-operatively.
3.3. Histopathology

3.3.1. Postoperative pathology
3.3.1.1. The right liver
A 4.5 × 3.3 × 1.8 cm specimen of the liver tissue was retrieved

during the operation, including a grayish-yellow mass (1.2 ×
frontiersin.org
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FIGURE 1

MRI findings of this case (A) heterogeneous hyperintensity on T2 lipid-pressing sequence is shown. (B) Low signal on T1 lipid-pressing sequence is
shown. (C) The arterial phase is markedly enhanced. (D) Hypointensities in the portal phase are shown.
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0.9 cm in size), which was soft and had a clear boundary. Light

microscopy analysis showed that the liver tumor nodules were

arranged by large polygonal epithelioid cells in the form of

sheet nests or irregular beam cables, divided by thin-walled

vessels of different sizes. The tumor cell cytoplasm was

transparent, with vacuoles in the periphery. Eosinophilic

granules could be seen in the cytoplasm. The nuclei were

round or oval and large with clearly visible nucleoli and deep

chromatin. The nodule boundaries were unclear as they grew

into the surrounding liver tissue (Figures 3A–D).

3.3.1.2. Pathological diagnosis
Epithelioid angiomyolipoma of the right liver (tumor size: 1.2 ×

0.9 cm) with negative incisional margins.

3.3.1.3. Immunohistochemical staining results
The tumor cells were positive for estrogen receptor (1 + 40%),

progesterone receptor (2 + 10%), desmin (focal + ), E-cadherin,

vimentin, and human melanoma black (HMB) 45, smooth

muscle actin (SMA) (Figures 3E, F). The specimen was
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negative for GATA binding protein 3 (GATA3), CerbB-2,

AFP, glypican-3, HepPar1, cytokeratin (CK) (AE1/AE3), cell

adhesion molecule 5.2, CK20, CDX2, CK7, CK8, and S-100,

with a Ki-67 index of 5%.
3.4. Postoperative follow-up

Over the 23 months of follow-up, no recurrence or distant

metastasis was observed on computed tomography and MRI scans.
4. Discussion

Perivascular epithelioid cell tumors are a group of

mesenchymal lesions that share similar vascular wall

morphology and express melanin and smooth muscle

markers. Epithelioid angiomyolipoma, which is classified as a

perivascular epithelioid cell tumor, is especially unique and
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FIGURE 2

Contrast-enhanced liver ultrasound findings of this case contrast-enhanced ultrasonography of the nodules in the upper segment of the right
anterior lobe of the liver showing washout performance (surrounded by crosses).

FIGURE 3

Histological findings of this case (A–D) hematoxylin and eosin staining of the tumor under multiple magnifications (A, ×50) (B, ×100). (C, ×200)
(D, ×400). Microscopically, the tumor boundary is unclear and grows into the surrounding liver tissue. Epithelioid-like tumor cells can be seen
arranged in a nest-like shape. Vascular components are visible, but adipocytes and smooth muscle components are not found. Under a high
microscope objective, the tumor nuclei are round or oval with obvious nucleoli and atypia. (E) Tumor cells stained positive for HMB 45.
Magnification at ×200. (F) Tumor cells stained positive for SMA. Magnification at ×200.
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rare (2). In 1976, Ishak et al. first described HEAML as a rare

mesenchymal tumor, mostly occurring in women, with

approximately 5%–10% of these tumors being accompanied

by nodular sclerosis (3). To date, the pathogenesis of HEAML

is unclear. The possible etiologies of tumors include

undifferentiated neural crest, differentiated smooth muscle

cells, and perivascular cells. Studies have indicated that

changes in the mammalian target of the mechanistic target of

rapamycin (mTOR) pathway and loss of heterozygosity

(LOH) of the tuberous sclerosis syndrome gene were the

common pathogeneses of HEAML (4).

HEAML tends to occur in young and middle-aged women,

with a male to female ratio of 1:5. Usually, these tumors are

small and cause no characteristic clinical symptoms. However,

when a tumor is large, the patient may experience abdominal

distension and pain (5). Our patient had elevated AFP levels

without experiencing any other symptoms suggestive of

HEAML. The elevated AFP levels were coincidentally found

during the patient’s regular follow-up examination and

imaging after being treated for breast cancer. Since HEAML

contains only a small amount of fat or lacks it entirely, it is

easily misdiagnosed for other malignant tumors during imaging

examination before tumor resection (6). The preoperative liver

MRI and color Doppler ultrasound in the present case

suggested a possibility of liver cancer. Since the patient’s AFP

level was elevated, intraoperative frozen section analysis was

needed to differentiate tumor type but this has the potential to

be inconclusive. Thus, vigilance was needed to establish the

correct diagnosis. Diagnosing HEAML by fine-needle puncture

before surgery is necessary.

Although pathological examination is the gold standard for

diagnosing HEAML, this patient had a history of breast cancer,

and the tumor marker (AFP) was elevated, which could result in

an incorrect pathological diagnosis. Microscopic analysis

revealed that the HEAML cells were round or polygonal.

Their cytoplasm was rich, slightly acidophilic or transparent,

and sometimes contained fat vacuoles. The nuclei were

median or partial, large, round or ovoid, with obvious

nucleoli and rare mitotic images (7). IHC revealed that

HEAML tissue was positive for melanocytic markers (HMB

45 and Melan-A) and smooth muscle cell markers (SMA and

desmin) (8). Although transcription factor E3 can be

expressed in some cases, there are usually no related gene

expression changes. HEAML tissue does not express epithelial

markers, S-100, SOX11, CD31, and CD34.

The morphology of HEAML could can be diverse making it is

easy to confuse this tumor with other primary or metastatic

tumors in the liver. A comprehensive IHC evaluation is required

to distinguish HEAML diagnosis from other primary and

metastatic liver tumors. Key ways to differentiate HEAML from

other hepatic primary or metastatic tumors include the following:

First, in comparison to metastatic breast cancer, it usually

presents a nest-like or glandular structure and IHC expression
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of markers (GATA3 and GCDFP15). Our patient had a

history of breast cancer that needed to be excluded. It can

sometimes be difficult to identify HEAML by evaluation using

frozen section biopsy.

Second, when considering hepatocellular carcinoma, due to

the significant epithelioid morphology and atypia of HEAML, it

can easily be misdiagnosed as hepatocellular carcinoma,

particularly based on intraoperative cryopathology diagnosis.

In the present case, cryopathology analysis incorrectly

identified HEAML as hepatocellular carcinoma. HEAML

tissue expresses melanocytic markers, not epithelial markers.

In addition, patients with hepatocellular carcinoma usually

have a history of hepatitis and cirrhosis. Thus, it is easy to

distinguish between the two after comprehensive analysis of

postoperative pathology.

Third, HEAML demonstrates melanocyte differentiation

and cell atypia, which is easily misdiagnosed as malignant

melanoma. However, malignant melanoma usually expresses

S-100 protein and is negative for smooth muscle cell markers.

Based on patient history and IHC, malignant melanoma can

be differentiated from HEAML.

Surgical resection is the preferred treatment of HEAML and

should be performed as early as possible to avoid gradual

growth and rupture of the tumor. It has been reported that

early surgical treatment is effective in treating spontaneous

rupture of hepatic angiomyolipoma with internal and

peritoneal hemorrhage (9). In addition, HEAML tumors have

low malignancy potential. Moreover, complete surgical

resection can prevent local recurrence or metastasis (10).

Approximately 10% of patients with HEAML who undergo

surgical resection experience postoperative recurrence or

metastasis (11). Postoperative radiotherapy and chemotherapy

are ineffective, therefore, we suggest regular postoperative

follow-up observation.
5. Conclusions

We present the case of a patient with HEAML and a history

of breast cancer who presented with elevated AFP levels.

Clinically, radiologically, and even pathologically, with special

frozen pathological examination, HEAML can easily be

misdiagnosed as other tumors. It is especially necessary to

differentiate HEAML from hepatocellular carcinomas and

metastatic tumors, necessitating the use of a specific IHC

staining panel. Early surgical resection is the mainstay of

treatment, and long-term postoperative follow-up is required.
Patient perspective

All examination and treatment patients provided informed

consent.
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Hepatoid adenocarcinoma of the
stomach with metastatic
choriocarcinoma of the liver: A
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gastric cancer with a complex
treatment course
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Gastric hepatoid adenocarcinoma and hepatic choriocarcinoma are rare
diseases in clinical settings, and the case we report here is a combination of
both. A 66-year-old woman presented with a chief complaint of abdominal
discomfort. The patient was examined using gastroscopy and computed
tomography (CT) scan, and these revealed an irregular surface ulcer on the
wall of the gastric antrum. A mass, 2.0 cm in diameter, was found in the liver
in April 2020. The endoscopic biopsy findings were consistent with a
diagnosis of moderately to poorly differentiated hepatoid adenocarcinoma.
She was then referred to our hospital for further treatment. Initially,
neoadjuvant therapy was initiated for the patient. The CT scan showed that
the liver metastases had progressed; hence, surgery was performed.
Postoperative pathology showed that the gastric lesions were mostly hepatoid
adenocarcinoma with no choriocarcinoma, while the liver lesions comprised
approximately 10% hepatoid adenocarcinoma and 90% choriocarcinoma. One
month later, the patient developed tumor recurrence in the liver as observed
on CT imaging. Subsequently, a variety of chemotherapy regimens were tried
with no obvious results. The patient eventually developed multiple organ
metastasis and died in July 2021. The overall survival was 16 months. Based
on findings from this case report, it appears that initial neoadjuvant therapy
was not effective and radical surgery may be the best treatment for patients
with hepatoid adenocarcinoma of the stomach.

KEYWORDS

gastric hepatoid adenocarcinoma, hepatic choriocarcinoma, chemotherapy, neoadjuvant

therapy, radical surgery, case report

Introduction

Hepatoid adenocarcinoma of the stomach (HAS) is a rare type of primary gastric

malignant neoplasm that exhibits both adenocarcinomatous and hepatocellular

differentiation and mostly produces alpha-fetoprotein (AFP). It accounts for

approximately 1% of all gastric cancers. The stomach is the most commonly affected
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organ, and it often occurs in the antrum accompanied by vascular

invasion, lymph node metastasis, and liver metastasis (1–3).

Choriocarcinoma, on the other hand, is prone to rapid

hematogenous metastases, and the first clinical manifestations

are often metastatic lesions (4). The characteristic laboratory

finding in patients with choriocarcinoma is an elevated

serum human chorionic gonadotropin (hCG) level (5). Due to

the rarity and ease of metastasis associated with these

neoplasms, timely diagnosis and proper treatment are of

significant importance. Herein, we report a case of HAS

with liver metastasis, in which the pathologic diagnosis

was choriocarcinoma (90%) combined with hepatoid

adenocarcinoma (10%). Furthermore, we discuss this case in the

context of other similar studies, which ultimately highlight the

intricacy of HAS and the need for sound treatment guidelines.
Case presentation

This was a case of a 66-year-old female patient with a

complaint of abdominal discomfort for a month with no

other associated symptoms. Physical examination revealed no

pathological findings. Gastroscopy and computed tomography

(CT) examinations revealed an irregular surface ulcer on the

wall of the gastric antrum (Figure 1A) and a mass of 2.0 cm

in diameter was found in the liver (Figure 1B). The

pathological diagnosis from endoscopic biopsy was consistent

with a moderately to poorly differentiated hepatoid

adenocarcinoma (Figure 1C). PET-CT examination was then

performed, and this showed that the stomach and liver masses

were hypermetabolic (Figure 1D).

Laboratory tests showed that the blood cell and biochemical

values were almost within the normal range. However, serum

AFP was dramatically elevated (>2,000 ng/ml). Further

examination revealed the remaining tumor markers, including

the carbohydrate antigen 199 (CA199) >1200 U/ml,

carcinoembryonic antigen 38.17 ng/ml, and hCG 795.14 mIU/ml.

Based on the guidelines of the Chinese Society of Clinical

Oncology (CSCO), the disease was classified as advanced

gastric cancer with liver metastasis, and the patient underwent

SOX chemotherapy regimen, which is the first-line treatment

recommendation, consisting of oxaliplatin, gimeracil, and

oteracil potassium capsules.

After three cycles of chemotherapy, CT revealed progression

of liver metastasis (Figure 2). The patient had leucopenia

during chemotherapy and chose surgery for the subsequent

treatment. Radical gastrectomy, hepatic left lateral lobectomy,

and resection of the metastatic nodule in hepatic segment V

were performed. Postoperative pathology (Figure 3) showed

that the stomach mass was hepatoid adenocarcinoma, while

the mass in the liver was approximately 10% hepatoid

adenocarcinoma and 90% choriocarcinoma, with lymphatic

metastasis (7/26).
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One month later, CT imaging revealed liver metastasis and

recurrence (Figure 4A). Considering the poor effect of the

original chemotherapy regimen, we chose the DS

chemotherapy regimen, which consisted of paclitaxel,

gimeracil, and oteracil potassium capsules.

After two cycles of the chemotherapy regimen, on

September 14, 2020, CT reexamination showed that liver and

lung metastases occurred (Figure 4B). We changed the

chemotherapy regimen again. Sintilimab, paclitaxel, and

regorafenib were selected for treatment. This chemotherapy

regimen was administered three times.

Two months later, CT examination showed that the liver

and lung metastases were more and larger than before

(Figure 4C). We chose to replace the former chemotherapy

scheme with FOLFOX chemotherapy regimen (oxaliplatin,

folinic acid calcium salt hydrate, and 5-FU) and sintilimab as

a new treatment.

On March 18, 2021, the magnetic resonance (MR) scan

showed that the patient had developed brain metastases

(Figure 4D). Then, she was treated with etoposide and

KN046 (PD-L1/CTLA-4 bispecific antibody) and intracranial

radiotherapy.

Overall, a variety of chemotherapy regimens were tried, and

the patient developed systemic multiple organ metastasis.

During the whole chemotherapy period, the indexes of tumor

markers remained at high levels, including AFP, CA199, and hCG.

Finally, the patient suffered from repeated low fever, trilineage

cytopenia, and her physical condition gradually worsened. She

eventually rejected treatment and died in July 2021.
Discussion

With an increasing number of articles reporting cases of

HAS, the diagnosis of hepatoid adenocarcinoma is no longer

a problem through laboratory examination, gastroscopy, and

pathological biopsy. HAS is a rare type of primary gastric

malignant neoplasm and it is accompanied by vascular

invasion, lymph node metastasis, and liver metastasis.

Extragenital choriocarcinomas, on the other hand, are less

common, often exist with other carcinomas, and tend to

occur in midline organs (4). Fernández Alonso et al. reported

primary hepatic choriocarcinoma for the first time in 1992

(6). Subsequently, most patients with hepatic choriocarcinoma

were reported from China (7, 8). Conversely, the

histopathogenesis of extragonadal choriocarcinomas remains

controversial. Some authors have reported that normal cells

develop directly into choriocarcinoma (9), whereas others

have reported that retrodifferentiation from pre-existing

adenocarcinoma results in choriocarcinoma (10). In this case,

the patient was examined through gastroscopy and biopsy and

these confirmed the diagnosis of hepatoid adenocarcinoma.

Since CT showed evidence of a lesion in the liver, liver
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FIGURE 1

(A) Gastroscopy (April 1, 2020): gastric antrum ulcer. (B) CT (April 1, 2020): (a) Gastric antrum tumor; (b) Abnormal low density of left lateral lobe of the
liver, considering metastasis. (C) Results of endoscopic biopsy: (a) HE staining; (b) AFP staining. (Gastric antrum) Moderately to poorly differentiated
hepatoid adenocarcinoma. Immunopathology: AFP(+), HER-2(+), Ki-67(40%), PD-L1(22C3)(−), PD-1(−), CD4(+), CD8(+), MLH1(+), PMS2(+), MSH6(+),
MSH2(+). (D) PET-CT examination: The masses of gastric antrum and left liver were hypermetabolic.
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FIGURE 2

Ct examination: (A) April 1, 2020. (B) June 17, 2020. The mass of the left liver was more advanced than before.

FIGURE 3

Postoperative pathology: (A) HE staining; (B) AFP staining; (C) CK staining; (D) PD-L1 staining. Routine pathology: (Stomach) Moderately to poorly
differentiated adenocarcinoma, focal features of hepatoid adenocarcinoma, small necrosis, tumor invasion, tumor thrombus in the vessel; (Right
liver nodule S5) cancer metastasis; (Left lateral liver) cancer metastasis, with massive necrosis, bleeding, no cancer accumulation in the liver
resection margin, while the liver lesions were about 10% of hepatoid adenocarcinoma and 90% were choriocarcinoma. Immunopathology:
(Stomach): CK(+), AFP(+), Glypican-3(+), MSH2(+), MSH6(+), MLH1(+), PMS2(+), MSS, Her-2(1+), Ki-67(+, 95%), PD-L1(22C3) (tumor cell: 1%–5%;
microenvironment immune cells: +, 20%–30%), CD117(+), Hepa-1(−), CK7(−), CK5/6(−), P40(−), PD-1(−), CD5(−), Vimentin(−), EVB(−); (Liver): CK7
(+), Her-2(2+), Ki67(+, 95%), PD-L1(22C3)(+, >50%), MLH1(+), MSH2(+), MSH6(+), PMS2(+), MSS, AFP(−), Hepa-1(−), CD5(−), and EBV(−).

Zhou et al. 10.3389/fsurg.2022.968891
metastasis was suspected. Laboratory tests showed that in

addition to the increase in AFP level (beyond 2,000 ng/ml),

hCG was also significantly elevated to 795.14 mIU/ml.

However, the reason for the increase in the hCG index was

unclear at this point. To ensure that metastases had not

occurred at other primary sites, PET-CT examination was

performed and this revealed no obvious tumor in other
Frontiers in Surgery 04

56
organs. PET-CT also showed that the tumors in the stomach

and liver were hypermetabolic. Therefore, we diagnosed the

patient as having hepatoid gastric adenocarcinoma with liver

metastasis. Postoperative pathological examinations showed

that the gastric lesions were comprised mostly of hepatoid

adenocarcinoma and no choriocarcinoma, while the liver

lesions were approximately 10% hepatoid adenocarcinoma
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https://doi.org/10.3389/fsurg.2022.968891
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 4

(A) CT examination (July 28, 2020): many slightly low-density lesions in the liver, considering metastasis. (B) CT examination (September 14, 2020):
Right pulmonary nodule, considering metastasis. (C) CT examination (November 19, 2020): (a) Multiple low-density liver metastases (more and larger
than before). (b) The metastatic nodules in the lower lobe of the right lung were larger than before. (D) MR examination (March 18, 2021): Brain
metastasis.
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and 90% choriocarcinoma. In fact, we were not sure whether the

liver choriocarcinoma was the primary or differentiated tumor

after metastasis. Liu et al. pointed out that metastatic lesions

will differentiate when they metastasize to other organs (10),

and the experience in this case seemed to agree with this.

The patient’s condition was diagnosed as HAS with liver

metastasis; hence neoadjuvant therapy was initiated first. To

date, there is still no clear criterion for the treatment of HAS.

Some studies have reported radical surgery as the main

treatment option for patients with HAS (11, 12). However,

the specific regimen of neoadjuvant or adjuvant therapy for

HAS remains unclear. A recent systematic review concluded

that cisplatin-based chemotherapy is the most efficient first-

line systemic treatment in advanced situations, with a clinical

response observed in 75% of the patients (13). Arakawa et al.

recently reported a significant clinical response to

ramucirumab monotherapy in a metastatic HAS (mHAS)

patient with chemotherapy-resistant recurrent disease (14).

The introduction of molecular targeted therapy has also

brought hope to HAS patients. Hepatic choriocarcinoma, on

the other hand, has no clear treatment strategy; although

surgery and chemotherapy have been reported, none of the

patients treated with these had good prognosis (8, 15, 16).

Neoadjuvant therapy was the initial treatment option

employed in this case. We used the SOX chemotherapy

regimen, which consisted of oxaliplatin, gimeracil, and oteracil

potassium capsules, a treatment modality not reported in the

earlier literature referred; however, this is the first-line

treatment for advanced metastatic gastric cancer according to

our guidelines. The patient underwent simultaneous whole-

genome sequencing, but the results showed that there was no

new targeted drug recommended for the patient. The

neoadjuvant chemotherapy did not achieve obvious results.

We are puzzled whether the next treatment plan is to

continue the second-line treatment plan or surgery. At that

time, we assessed that the liver and stomach lesions could still

be resected by operation through CT imaging. It is very

difficult for us to continue to choose the second-line

chemotherapy or surgery. However, the patient and her family

had a strong desire for surgery; hence, surgery was performed.

Nonetheless, the patient’s liver tumor recurred one month

after the surgery and a variety of chemotherapy regimens

were tried after that, including targeted medicine and

bispecific antibody with no obvious results. The disease was

not controlled, multiple organ metastasis occurred, and,

eventually, the patient died.

There is no standard treatment for mHAS at present. This

case report discusses its clinical treatment and prognosis and

helps get further knowledge and understanding of mHAS

and the treatment of this rare aggressive tumor. However, a

limitation of this case report may be that molecular studies

were not performed; thus, HER2 gene amplification

and overexpression and EGFR, KRAS, and BRAF
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mutation-associated tumorigenesis and gastric carcinomas that

may respond to specific treatments were not able to be

explored in this case report.
Conclusion

In summary, HAS and hepatic choriocarcinoma are rare and

aggressive diseases; the combination of the two is even rarer, and

the diagnosis and treatment are full of challenges. Although

radical surgery may be the best treatment for HAS patients, the

specific systemic chemotherapy principles for patients with

advanced metastasis resulting from HAS are still flawed. There

is an urgent need for a large number of clinical reports to

improve the understanding of HAS and hepatic choriocarcinoma.
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Case report: An adult
intussusception caused by
ascending colon cancer
Guowei Zhao1†‡ , Wenjun Meng2†‡ , Lian Bai1 and Qigang Li1*
1Department of Gastrointestinal Surgery, Yongchuan Hospital, Chongqing Medical University,
Chongqing, China, 2Department of Biotherapy, Cancer Center, West China Hospital, Sichuan
University, Chengdu, China

Adults with bowel intussusception caused by malignant tumors are fairly
uncommon. We presented a case of a 64-year-old woman whose
intussusception was secondary to ascending colon cancer. A color Doppler
ultrasonography of the abdomen revealed a low echo mass in the right
middle abdomen. Physical examination and digital rectal examination were
both unremarkable. Computed tomography (CT) revealed a concentric circle
change in the colon, as well as the mesenterium and arteries. Electronic
colonoscopy discovered the colonic giant proliferative lesions and stenosis.
Adenocarcinoma with moderate differentiation was discovered after a biopsy.
Then laparotomy showed intussusception and the tumor was located in the
ascending colon. The postoperative pathological test revealed moderately
differentiated adenocarcinoma in the right colon invaded the whole layer.
After hospitalization, the patient was discharged without any complications.
This case highlights that rational use of CT, endoscopy, and timely surgery
combines an effective strategy for the treatment of adult intussusception.

KEYWORDS

adult intussusception, colon cancer, computed tomography, colonoscopy, case report

Introduction

Intussusception of the bowel is defined as the telescoping of a proximal segment of

the gastrointestinal tract within the lumen of the adjacent segment. Adult

intussusception represents 5% of all cases of intussusception and accounts for only

1%–5% of intestinal obstructions in adults (1, 2). Furthermore, adults with bowel

intussusception caused by malignant tumors are fairly uncommon. To the best of our

knowledge, there have only been a few reported cases of adult intussusception caused

by colon cancer. Here, we presented a case of a 64-year-old woman whose

intussusception was secondary to ascending colon cancer, which was diagnosed by

abdominal computed tomography (CT) scan and colonoscopy.
Case presentation

A 64-year-old woman was previously admitted to a local hospital 1 day ago for

dizziness, hypodynamia, and loss of appetite. A color Doppler ultrasonography of the

abdomen revealed a low echo mass in the right middle abdomen. For further
01 frontiersin.org
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diagnosis and treatment, she was treated in our hospital with a

chief complaint of the color Doppler ultrasonography finding

an abdominal mass.

Anemia signs in the upper abdomen were observed, and

there were no other typical pathological signs. Although color

Doppler ultrasound showed an abdominal mass, no obvious

mass was touched during abdominal palpation. Hemoglobin

concentration: 74 g/L (normal range: 110–150 g/L), albumin

concentration: 27.2 g/L (normal range: 35–55 g/L), total

protein concentration: 56.2 g/L (normal range: 60–80 g/L).

Based on the above information, our first clinical

considerations for the abdominal mass were as follows:

intestinal space-occupying lesions (possibly malignant

tumors). Enhanced CT revealed a concentric circle change in

the colon, as well as the mesenterium and arteries (Figure 1).

The segment of the colon wall was edematous and thickened.

To conclude, it was considered a tumor in the colon.

Following an electronic colonoscopy, it was discovered that

the colonic giant proliferative lesions had stenosis (Figure 2).

Adenocarcinoma with moderate differentiation was discovered

after a biopsy. After receiving the biopsy results, our medical

group discussed and concluded that the patient should be

treated with an operation, so elective laparoscopic right

hemicolectomy was performed. During the operation,

radiological examination results were confirmed. Finally, we

found the tumor was located in the ascending colon, where

the intestinal canal was partially inserted into the distal

ascending colon. The range of lymph tissue we scavenged
FIGURE 1

Computed tomography revealed ascending colonic intussusception.
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during the operation included the root of the ileocolic artery,

the surrounding of the middle colon artery and vein, the root

of the superior mesenteric artery, and the lower edge of the

pancreas. We cut the transverse colon and ileum at 15 cm

away from the tumor, and then anastomosed the ileum and

transverse colon side-to-side. The tumor was about 7.0 cm ×

6.0 cm × 2.0 cm, mass-type, hard, invaded the serosa, and

occupied 2/3 circles of the intestine (Figure 3).

Gross examination of the resected specimen showed that the

intestinal canal was 23 cm long, which contained the ascending

colon tumor with a volume of 7.5 cm × 6.0 cm × 3.5 cm. The

cross-section was gray-white and invaded membrana serosa.

The pathological result showed a moderately differentiated

adenocarcinoma invaded the whole layer; lymph nodes near

the colon were negative (Figure 4). Immunohistochemistry:

Ki67 (about 60%, +), MLH1 (+), MSH2 (+), MSH6 (+),

PMS2 (+), Her-2 (weak +). The patient recovered smoothly

and was discharged 12 days after the operation. She was

followed up for 1 year, and there was no recurrence.
Discussion

The incidence of adult intussusception is rare. While it is

common in children, adult intussusception accounts for only

1% of intestinal obstruction and less than 5% of all cases of

intussusception (1, 2). Different from children with apparent

symptoms such as abdominal pain, abdominal mass, and
frontiersin.org
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FIGURE 2

Electronic colonoscopy revealed a large proliferative lesion of the colon.

FIGURE 3

The surgical gross specimen.
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FIGURE 4

Postoperative pathological result revealed moderately differentiated adenocarcinoma in the right colon with full-thickness invasion (magnification
power: 40×).
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bloody stool, adults have various symptoms, which may be

acute, intermittent, or chronic. Most affected adults develop

pre-diagnosis episodes of intermittent abdominal pain and

vomiting (3). In this case, the symptoms and signs had no

obvious specificity, so it was difficult to diagnose and may

have caused a delay in treatment.

In adult intussusception, 60% of cases are caused by

malignant and benign neoplasms; the remaining non-

idiopathic cases are usually caused by postoperative

adherences, Crohn’s disease, infections, intestinal ulcers, or

Meckel diverticulum (2, 4). To help guide treatment decisions,

it is important to diagnose the organic intussusception lesion.

Enema or colonoscopy can detect and reduce intussusception,

which is conducive to the qualitative diagnosis of organic

lesions (5). Patients diagnosed with colonic or ileocolic

intussusception are usually accompanied by tumors, and there

are usually no clear clinical signs of acute abdomen. In these

settings, preoperative endoscopy can be performed to confirm

the presence of pathology and/or cancer (6). Compared with

ultrasonography, barium enema, and colonoscopy, CT is the

most accurate preoperative diagnostic method. In a recent

report by Hong et al. (7), abdominal CT accurately diagnosed

intussusception in 77.8% of patients. Eventually, this patient

was diagnosed with intussusception by CT and confirmed
Frontiers in Surgery 04

63
benign and malignant lesions by colonoscopy biopsy.

Therefore, when the clinical manifestations are difficult to

diagnose, CT should be routinely performed to make a

definite diagnosis. In addition, colonoscopy can also be used

to distinguish benign or malignant lesions for ileocecal and

colonic intussusception (8).

At present, surgery is still the main treatment for adult

intussusception. It is determined according to the length of

the affected intestine in patients with intussusception. In other

words, if the affected portion of the small intestine is not

extensive, surgery cannot reduce the intussusception. If

resection of a long segment of the bowel is required,

intraoperative reduction can be attempted to reduce the

resection length (9). Because malignant diseases are highly

correlated with intussusception in adults, surgical resection

without reduction should be limited to primary malignant

disease. However, when the small bowel is the only tract

involved, the reduction of bowel intussusception can be

attempted because of its lower rate of association with

malignancy (10). Primary adenocarcinoma is the main cause

of colon intussusception. Considering the high incidence of

primary adenocarcinoma, it should be resected without

reduction in colonic intussusception (7). When tissue

diagnosis is unavailable, intussusception is located in the
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colon and is highly likely to be malignant lesions, it is advisable

to follow the oncology principle of colon resection as a

precautionary measure to provide the best opportunity for

curative resection. Most surgeons believe that laparotomy is

necessary for the treatment of adult intussusception because

of the high incidence of underlying malignancy colon

intussusception, and the inability to differentiate benign or

malignant in enteric intussusceptions (6). In a recent review

article, it is reported that when there are signs and symptoms

of acute abdomen, abdominal exploration is the gold

standard; when there are signs of septic shock and peritonitis,

emergency exploration is mandatory (6). Some surgeons

believe that laparoscopic surgery can also be selected. The

choice of laparoscopic surgery rather than open surgery

depends on the clinical situation of patients and the

experience of surgeons (11). Laparoscopic surgery cannot be

selected in the following cases: (I) severe heart, lung, liver, or

renal insufficiency; (II) severe coagulation dysfunction that is

difficult to correct; (III) severe intestinal adhesion; and (IV)

diffuse peritonitis with intestinal obstruction. In this case, a

biopsy through enteroscopy confirmed that it was moderately

differentiated adenocarcinoma. Therefore, laparoscopic right

hemicolectomy was chosen, and total resection without

reduction is performed to avoid potential intraluminal seeding

or venous tumor dissemination. Eventually, right colon cancer

was diagnosed, so the monitoring and evaluation of this case

were also based on the right colon cancer.

In conclusion, although the optimal treatment for adult

intussusception remains controversial, the definitive treatment

depends on the underlying etiology and location. For stable

patients without emergency indications for surgery, a

thorough preoperative diagnostic evaluation and medical

optimization should be performed. Because adult

intussusception is highly correlated with malignant tumors,

unless small bowel is the only tract involved or is proved to

be benign by tissue diagnosis, it should follow the oncology

principle of colon resection as a precautionary measure.

When clinical manifestations are difficult to diagnose

intussusception, CT is the most accurate method for a definite

diagnosis. In addition, colonoscopy is recommended only

when intussusception is located in the ileocecal and colon,

which can not only assist the diagnosis, but also provide a

reference for surgical methods.
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Case report: Stent-first strategy
as a potential approach in the
management of malignant
right-sided colonic obstruction
with cardiovascular risks
Tianyu Lin1†, Abdul Saad Bissessur2†, Pengfei Liao1, Tunan Yu1

and Dingwei Chen1*
1Department of General Surgery, Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University,
Hangzhou, China, 2Department of Surgical Oncology, Sir Run Run Shaw Hospital, School of
Medicine, Zhejiang University, Hangzhou, China

In obstructing left-sided colonic or rectal cancer, endoscopic stent placement
with the purpose of decompression and bridge to elective colon resection has
been widely utilized and accepted. However, in malignant right-sided colonic
obstruction, stent placement prior to colectomy is still highly controversial, due
to lower clinical success and high anastomotic leak. We report a case of
malignant right-sided colonic obstruction based on the radiological findings
of irregular thickening of ascending colon wall and dilation of proximal large
bowel on enhanced computed tomography scan. The 72-year-old woman
presented with obvious abdominal distension. Due to concerning
cardiovascular complications as intermittent chest pain and a long history of
type 2 diabetes, a three-step therapeutic plan was instigated. Initially, a self-
expandable metallic stent was placed palliatively to relieve the bowel
obstruction. Consecutively, coronary angiography was performed, and two
coronary stents were implanted to alleviate more than 80% stenosis of two
main coronary arteries. One month later, laparoscopic radical resection of
right colon and lymphadenectomy were successfully performed, with a
blood loss less than 50 millimeters and a harvest of 29 lymph nodes, 1 being
positive. The patient was discharged one week postoperatively with no
complications, and received adjuvant chemotherapy one month later. During
a follow-up of more than one year, the patient was in complete remission
with no recurrence and cardiovascular events. In patients presenting with
malignant right-sided colonic obstruction and peril of high cardiovascular
risks, we propose colonic and coronary stent-first strategy to emergency
surgery as a potential approach so as to ensure sufficient cardiovascular
preparation improving perioperative safety. Moreover, the anatomical location
of the tumor would be significantly achievable thus granting high-quality
radical colon resection and lymphadenectomy.

KEYWORDS

colonic obstruction, coronary stent, cardiovascular risk, self-expandable metallic stent,

stent-first strategy, case report
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Core tip

Stenting has proven its effectiveness, predominantly in

achieving a better quality of life, such as minimizing the use

of colostomy, reducing medical costs and hospital stay. The

role of stenting as a bridge to surgery for patients with left

colonic obstruction should be debated from right-sided as

stenting is strongly recommended as the alternative to

emergency resection in left-sided malignant obstruction

whereas its use in right-sided is still debatable and

controversial. This case highlights the beneficial impact of

stenting in right sided malignant colonic obstruction in a

patient presenting with concurrent coronary artery stenosis.
Introduction

Colorectal cancer is one of the most common cancers

worldwide, ranking third in terms of incidence but as high as

second with regard to mortality (1). Incidence rates tend to be

higher in economically developed countries (2). Around one

tenth of colon cancer initially present with bowel obstruction

and present most commonly as abdominal pain, distention

and obstipation (3). The risk of obstruction varies depending

on the tumor location which is about 25% in the proximal

colon compared to 75% in the left colon and colonic cancer

causing obstruction tends to be at a more advanced stage (4).

Traditionally, emergency surgery, involving colectomy and

colostomy has been the mainstay treatment for large bowel

obstruction, a life-threatening condition (5). In the past two

decades however, newer methodologies and treatment such as

self-expandable metal stent (SEMS) or stoma construction (6)

have proven to be more beneficial in patients with poor

clinical condition and other contraindications to emergency

surgery (7). However, detecting whether bowel obstruction

requires definite emergency surgery is largely based on clinical

signs and symptoms; high fever, tachycardia and peritonitis
TABLE 1 Patient’s laboratory results of blood chemistry.

Parameter Results Reference value

White blood cell count (×109/L) 13.3 3.5–9.5

Neutrophils (%) 84.0 40.0–75.0

c-reactive protein (CRP) (mg/L) 86.4 <6.0

Hemoglobin (g/L) 109 130–175

Total protein (g/L) 65.3 65.0–85.0

Albumin (g/L) 33.7 40.0–55.0

Glucose (mmol/L) 16.51 4.30–5.90

Sodium (mmol/L) 133 135–147

Ferritin (ng/ml) 358.40 12–150

Carcinoembryonic antigen (CEA) 1.82 0–5

CA125 46.91 <35.00

Frontiers in Surgery 02

67
are suggestive of perforation or ischemia and demand urgent

colectomy (3). As recommended by the European Society of

Gastrointestinal Endoscopy (ESGE) Guideline 2020, colonic

stenting is applicable for clinical symptoms and radiological

signs of malignant large bowel obstruction, without any

tip-off signs of perforation (8).

Despite SEMS followed by colectomy in patients with

malignant colonic obstruction have had more favorable

perioperative outcomes compared to urgent colectomy, the

role of stent-first strategy in right colonic obstruction should

be analyzed separately from that of left colonic obstruction,

and remains unsettled and controversial (9). The use of

stenting as a bridge to surgery has been extensively studied

for malignant left sided obstruction, with several meta

analyses and retrospective studies favoring the use of stent as

an oncologically safe alternative over urgent colectomy (10–

16). Interestingly, the latest update of ESGE Guideline 2020

strongly recommend the use of stenting as a bridge to surgery

as an alternative to emergency resection in patients with

curable left-obstructing colon cancer (8). In contrast, in

patients with malignant right colonic obstruction,

controversies arise and stent placement as a bridge to surgery

is not yet the standard treatment approach and limited data

are available on the safety and feasibility (17).

Herein, we present an elderly patient with malignant right-

sided colonic obstruction and high cardiovascular risks in very

poor clinical condition. The stent-first strategy brought

sufficient time to manage the cardiovascular symptoms of the

patient, thus improving perioperative safety. Moreover, high

quality radical resection and extensive lymphadenectomy were

achieved due to improvements in anatomy owing to stent

placement.
Case presentation

A 72-year-old female with obvious abdominal distention

and pain for half a month was admitted at our hospital.

Upon admission, she had intermittent chest pain in the

inferior sternal region (pectoralgia) and tenderness in

abdominal right lower quadrant. She had a long history of

type 2 diabetes and underwent laparoscopic cholecystectomy 3

weeks prior to admission at a local hospital. Her abdominal

symptoms did not alleviate and her medical condition

deteriorated. She also complained about repeated chest

distress. She had no significant personal and family history.

Upon physical examination, the patient’s blood pressure was

143/76 mmHg, respiratory rate was 12 bpm, pulse rate was

90 bpm with a body temperature of 36.5° C. No cachexia or

dehydration signs was observed. Her lung and heart

auscultation were normal without apparent murmur or

friction. Abdominal distention was obvious and tenderness in

right lower quadrant upon palpation. The elevated laboratory
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findings are shown in Table 1, other laboratory evaluations were

normal.

Enhanced abdominal computed tomography (CT) showed

irregular thickening of ascending colon wall and proximal

intestinal bowel dilation (Figure 1), suggesting malignant

right-sided colonic obstruction. CT revealed no obvious

ascites, liver metastasis or mesenteric lymph nodes

enlargement. After carefully evaluating the patient’s symptoms

given her advanced age, cardiovascular symptoms (pectoralgia

and chest distress) and more than 10 years’ history of

diabetes, a multidisciplinary team consultation consisting of

gastrointestinal surgeons, cardiologists, an endoscopist and

anesthesiologist devised a three-step plan: (1) SEMS to relieve

bowel obstruction, (2) coronary angiography and placement of

coronary stent, and (3) right hemicolectomy 1 month later.

SEMS was placed through endoscopy (Figure 2) and bowel

obstruction was relieved. During this primary procedure, biopsy

of the tumor sample was pathologically examined and indicated

tubular villous adenoma, low-grade intraepithelial neoplasia and

some high-grade intraepithelial neoplasia. Due to superficial

sampling, no submucosal infiltration was observed, but

adenocarcinoma could not be excluded.

Consecutively, coronary angiography revealed 80% and 90%

stenosis in the middle and distal left anterior descending branch

of the heart (Figure 3A) respectively and were subsequently

alleviated by two coronary stents (Figure 3B). One month

later, the patient underwent laparoscopic right hemicolectomy

and wide mesenteric excision. During the surgery, multiple

adhesions were observed in the abdominal cavity, and no

obvious metastasis was noted. Blood loss was less than 50

milliliters. The tumor size was 6.5 × 5 cm (Figure 4A),

infiltrating into the subserosal layer. Postoperative pathological

examination revealed highly to moderately differentiated

adenocarcinoma (Figure 4B), and 1 positive lymph node (1

+/29). Immunohistochemistry findings revealed MLH1(+),

MSH2(+), MSH6(+), PMS2(+) (Figures 4C–F). The patient

was staged as T3N1aM0 (Stage IIIB, Eighth Edition AJCC).

The patient was discharged 1 week postoperatively with no

complications. One month later, the patient received adjuvant

chemotherapy for 6 cycles with each regimen cycle consisting

of rituximab 600 mg IVGTT D1, oxaliplatin 130 mg IVGTT

D1, epirubicin 90 mg IVGTT D1, vincristine 2 mg IVGTT D1

and dexamethasone 15 mg IV D1-3. One and a half year

later, the patient showed no signs of recurrence on follow-up.
Discussion

Colorectal cancer ranked third regarding incidence and

second in terms of leading cause of cancer death worldwide

as of 2020, accounting for 1.9 million new cases and an

estimate of over 930,000 deaths (1). The burden of colorectal

cancer has increased since 2012, where 1.35 million new cases
Frontiers in Surgery 03

68
were reported with an estimate of 700,000 deaths (18) and is

expected to increase by 60% with more than 2.2 million new

cases annually and 1.1 million deaths by 2030 (19). Occurring

in about 15% of colon cancer patients, large bowel obstruction

has been associated with increasing postoperative

complications, mortality and a poor 5-year survival rate

(20–22).

Traditionally, emergency surgery has been the mainstay

treatment for malignant large bowel obstruction. However,

anastomotic leak is a major postoperative burden of

emergency surgery (12, 17). Reported in the early 90s by

Dohmoto et al. (23) and Tejero et al. (24), stent placement as

a bridge to surgery, to which we refer as stent-first strategy,

has revolutionized the treatment of colon cancer, not only

palliatively but also as a preoperative treatment (bridge to

surgery) before final treatment approach (colectomy or

colostomy) in suitable patients (25), as observed in our case.

Over the years, stenting has proven its usefulness and

effectiveness, predominantly in achieving a better quality of

life, such as minimizing the use of temporary or permanent

colostomy as well as reducing medical costs and hospital stay

(12, 26–29). Moreover, in patients with inoperable tumors or

presenting at advanced stages, stenting grants earlier initiation

of neoadjuvant chemotherapy (30). As observed in our case,

stenting also advocates minimally invasive surgery such as

laparoscopic colectomy (31), thereby reducing postoperative

complications and hospital stay.

However, the role of stent-first strategy or stenting as a

bridge to surgery for patients with left colonic obstruction

should be debated from right colonic malignant obstruction.

The use of stents in left colonic cancer or rectal cancer has

been extensively studied and reported favorably in several

meta-analyses involving over 30 studies (11, 12) and

retrospective case series (10). It is noteworthy to mention that

stenting as a bridge to surgery is strongly recommended as

the alternative to emergency resection in left sided malignant

obstruction as per the 2020 latest guideline of ESGE (8), an

upgrade compared to the 2014 Guideline by Van Hooft et al.

(32) where stent placement as a bridge to surgery was still not

recommended, thus proving its efficiency. Nonetheless,

pertaining to malignant right-sided colonic obstruction, stent-

first strategy is still controversial and currently not accepted as

the standard treatment, prioritizing emergency resection and

primary anastomosis (33). Limited data are accessible about

the effectiveness and feasibility of stenting in right-sided

colonic obstruction (17, 34).

Previous studies demonstrating the astounding safety of

anastomosis in emergency resection without mechanical bowel

preparation obstruction could advocate for the lack of studies

of stenting in malignant right-sided colonic (33, 35).

Moreover, stent placement for right colonic obstruction is

technically more challenging and arduous than left sided

occlusions (9), originating from the difficulty of passaging
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FIGURE 1

Ct scans showing (A) irregular thickening of ascending colon wall (marked by asterisk) and (B) proximal intestinal bowel distension (red arrow).

FIGURE 2

(A) Endoscopy revealing a narrowed intestinal lumen (red arrow). (B) Prior to placement of SEMS (C) successful stent placement relieving intestinal
obstruction (D) x-ray showing location of stent and significant relief of intestinal obstruction.
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FIGURE 3

(A) Coronary angiography revealing 80% and 90% stenosis in the middle and distal left anterior descending branch of the heart (red arrow) (B) stenosis
alleviated after placement of 2 stents (red dotted arrow).

FIGURE 4

(A) A 6.5 cm × 5 cm tumor infiltrating the subserosal layer (red arrow). The previously placed stent can be observed (red dotted arrow) (B) histologic
findings of right colonic adenocarcinoma following hematoxylin and eosin stain. Immunohistochemical positivity of (C) MLH1(+) (D) MSH2 (E) MSH6
(F) PMS2 (B–F, magnification ×200).
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through obstructive lesions. However, recent studies (36–38)

have reported a higher risk of anastomotic leak and mortality

rate following emergency colectomy for malignant

obstruction. These concerns elicited surgeons to find a safer
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approach such as stent-first strategy. A recently published

meta-analysis concluded a significantly higher rate of

successful primary anastomosis in stenting than the

emergency surgery group (39). Stent placement also favors
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mechanical bowel preparation finally resulting in end-to-end

anastomosis without use of colostomy and stoma (40),

thereby significantly improving quality of life. In addition,

since obstructing colon cancer specifically affect elderly

patients presenting with other morbidities (3, 41, 42), stent-

first strategy could be life-saving, as observed in our patient.

Recent studies supported the outstanding virtue of stent-

first strategy in malignant right-sided colonic obstruction. In a

nationwide database study of 1,500 patients with malignant

right colon obstruction, stenting followed by colectomy

compared to emergency colectomy provided more beneficial

perioperative outcomes such as lower morbidity, reduced need

of stoma, reduced postoperative hospital stay and lesser

surgical site infection (9). In a retrospective study of 98

patients who underwent stent-first strategy was associated

with better operative and oncological outcomes including

likelihood of laparoscopic approach, less estimated blood loss,

faster post-operative restoration of gastrointestinal function,

lower post-operative and wound-related complication rate

(17). In a small sized study by Ji et al. (31) assessing 14

patients who successfully underwent stent placement, the rate

of laparoscopic approach was higher in the stent-first group

compared to the emergency group. In addition, time to

resume oral food intake was shorter in the stent group.

Despite its controversial use in right-sided colonic

obstruction, a recent meta-analysis confers that stenting as a

bridge to surgery results in a reduction of postoperative

complications and mortality for right-sided malignant large

bowel obstruction than emergency resection (43).

Timing of surgical resection following stent placement

varies. The ESGE recommends approximately 2 weeks until

resection (8). The above-mentioned retrospective study of 98

patients revealed a median interval time of 18.5 days between

stenting and surgery (17), whereas the mean time for the

small sized study of 14 patients was 7 days (31). In our case,

since coronary stents were placed in conjunct with colonic

stent, an interval of 1 month proved convenient. Nevertheless,

primary colectomy after successful stent placement should be

not be overly delayed as the major complications of stenting

are recurrent colonic obstruction, stent migration or

perforation (44). Additionally, the possible risk factors such as

stent-related perforation, higher recurrence rates, permanent

stoma, technical and clinical failure rates should be discussed

with the patient prior to stent placement (8).

The drawbacks of stent-first strategy should not be

overlooked. Previous studies concluded a higher rate of

perineural invasion (45), lymphatic invasion (46) and increase

in tumor cells dissemination (47) following stent placement.

Moreover, a study by Maruthachalam et al. (48) revealed an

increase in circulating cytokeratin 20 mRNA levels following

stent placement. Stent placement also carries the risk of

perforations (49) and has been associated with a worse

survival rate (50), although a recent trial found no significant
Frontiers in Surgery 06
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difference in overall survival and disease free survival between

stent as bridge to surgery and emergency surgery at a

minimum follow up of 3 years (51). Thus, stent placement

has been recommended only in high-risk patients with an

ASA score of 3 or higher and in patients older than 70 (32).

Noteworthy, given that different studies brought different

results and conclusions, stenting should be performed by

endoscopist with adequate expertise (39). This could be a

possible hypothesis as to why different studies have different

conclusions.

In a nutshell, stent-first strategy was beneficial to this

patient for 2 main aspects: (1) After bowel decompression,

enough time was allocated for sufficient cardiovascular

optimization, especially improvement of coronary stenosis,

increasing anesthetic safety and reducing perioperative

cardiovascular events including ischemia, myocardial

infarction and lethal arrhythmia. Secondly, a 1-month interval

between stenting and hemi-colectomy, tissue edema was

resolved and laparoscopic approach deemed successful,

increasing not only short term outcomes but also favoring

oncological outcomes.
Conclusion

In patients with malignant right-sided colonic obstruction

and cardiovascular risk, stent-first strategy had the upper

hand of allocating enough time for cardiovascular

preparation, and improving perioperative safety. Moreover,

better anatomical conditions were achieved due to stent

placement, thus favoring minimally invasive surgery, which

decrease postoperative complications and facilitate early

recovery.
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Non-islet cell tumor
hypoglycemia concurrent with
acromegalic features: A case
report and literature review
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Background: Non-islet cell tumor hypoglycemia (NICTH) is a rare cause of
hypoglycemia due to the overproduction of high molecular weight insulin-
like growth factor (big-IGF2), which activates the insulin receptor and
subsequently caused hypoglycemia. But NICTH with acromegaly had rarely
been reported. We firstly reported a rare case of NICTH concurrent with
acromegalic facial features induced by a retroperitoneal
hemangiopericytoma and reviewed similar cases in the literature.
Case presentation: A 30-year old man was admitted to hospital because of
recurrent unconscious, which usually occurred in the late afternoon or early
morning before supper or breakfast. On one unconscious occasion, his
blood glucose was 2.4 mmol/L. His consciousness recovered rapidly with
intravenous 50% glucose administration. Physical examination showed that
he had coarse oily facial features with acne, prominent forehead and brow,
broad nose, prominent nasolabial folds. At the time of hypoglycemia,
suppressed serum insulin, GH and IGF-1 levels was found. Computed
Tomography further revealed a large left retroperitoneal mass measuring
7.0 cm× 12.3 cm× 13.0 cm. He underwent complete surgical resection of
the mass. Surgical pathology demonstrated a hemangiopericytoma and
strong positive for IGF-2. He did not experience further episodes of
hypoglycemia after the operation during the 2.5 years follow-up.
Conclusions: Fibrous origin is the most common tumor type for NICTH with
acromegaly features. NICTH should be considered in non-diabetic patients
who have recurrent hypoglycemia along with suppressed serum insulin and
IGF-1 levels.

KEYWORDS

non-islet cell tumor hypoglycemia, acromegaly, IGF-2, solitary fibrous tumor,

hemangiopericytoma
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Introduction

Non-islet cell tumor hypoglycemia (NICTH) is a rare cause of

hypoglycemia attributed to the overproduction of high molecular

weight insulin-like growth factor (IGF-2), known as big-IGF2,

by tumors (1). IGF-2 activates the insulin receptor, exerts

insulin-like activity, and suppresses GH secretion via a negative

feedback mechanism, resulting in hypoglycemia. In addition,

IGF-2 can bind to the IGF-1 receptor, leading to acromegalic

features in rare patients (1). The incidence of NICTH is

estimated at one per million person-years (2). Many types of

tumors have been associated with the development of NICTH

(3). Although tumors of mesenchymal origin are commonly

described, NICTH with acromegalic features has shown to be rare.

Here, we report a rare case of NICTH presenting

with acromegaloid changes secondary to retroperitoneal

hemangiopericytoma. We have also reviewed the current

reports on NICTH with acromegalic features.
TABLE 1 Laboratory findings on admission.

Value Unit Normal range

FBG 2.2 mmol/L 3.9–6.1

C-P <0.05 ng/ml 0.8–4.2

FINS <0.5 ng/ml 5.2–17.2

PINS 42 pg/ml 30–180

GH <0.05 ng/ml <2.0

IGF-1 <25.0 ng/ml 117–329

ALT 27 U/L 9–50

AST 20 U/L 15–40

Cre 58 µmol/L 45–84

TC 4.03 mmol/L 2.85–5.70

TG 0.68 mmol/L 0.45–1.70

HDL-c 1.67 mmol/L 0.93–1.81

LDL-c 1.88 mmol/L <3.37

Cortisol (8:AM) 20.04 µg/dl 4.0–22.3

ACTH (8:AM) 92 pg/ml 0–46

24 hUFC 242.06 µg 12.3–103.5

24 h urine DA 300 µg 120.93–330.59

24 h urine E 2.25 µg 1.74–6.42

24 h urine NE 37.5 µg 16.69–40.65

Free T3 4.07 pg/ml 1.80–4.10

Free T4 1.21 ng/dl 0.81–1.89

TSH 1.568 µIU/ml 0.38–4.34

FBG, fasting blood glucose; C-P, C-peptide; FINS, fasting insulin; PINS,

proinsulin; GH, growth hormone; IGF-1, insulin-like growth factor-1; ALT,

alanine aminotransferase; AST, aspartate aminotransferase; TC, total

cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low density

lipoprotein; DA, dopamine; E, adrenaline; NE, Norepinephrine; ACTH,

adrenocorticotrophic hormone; 24 hUFC, 24 h urinary free cortisol; FT3, free

triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.
Case presentation

A 30-year-old man was admitted to the outpatient

Endocrinology clinic of Peking Union Medical Hospital (PUMCH)

because of recurrent unconsciousness. Four months before this

presentation, he had had three prior episodes of disorientation,

visual changes, weakness, and palpitations in the late afternoon,

and the symptoms were resolved following food intake. He did not

receive any medical care. One month before admission, he was

found unconscious in the early morning before eating breakfast at

home and was transported by ambulance to the local hospital’s

emergency department. At the time of entry, his blood glucose was

2.4 mmol/L, and the patient rapidly recovered consciousness in

response to intravenous 50% glucose administration. Notably, he

experienced three similar episodes before this event and admission

to PUMCH. He was then admitted for further evaluation and

treatment following this critical information. The patient denied

any history of diabetes, intake of hypoglycemic agents, and alcohol

abuse. On review of his systems, he and his family noted nose

enlargement, hyperhidrosis, increased acne, and coarse oily skin

over approximately the last two years.

On admission, physical examination revealed a blood

pressure of 146/96 mmHg, and his body mass index was

28.4 kg/m2. He had coarse oily facial features with acne, a

prominent forehead and brow, a broad nose, prominent

nasolabial folds, and acanthosis nigricans. Furthermore,

multiple skin tags were present in the neck and anterior chest.

Laboratory tests revealed that blood count, liver and renal

function, tumor markers, thyroid function, and 24 h urinary

catecholamine were all in normal ranges. The serum

adrenocorticotropic and 24 h urinary free cortisol were high, but

the low dose dexamethasone suppression test yielded a 24 h free
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cortisol of 1.76 ug. During a spontaneous morning hypoglycemia

(2.2 mmol/L), the corresponding serum insulin level was less than

0.5 µIU/ml, C-peptide level was less than 0.05 ng/ml, proinsulin

was 44 pg/ml. IGF-1 level was less than 25.0 ng/ml, and GH level

was less than 0.05 ng/ml. The detailed laboratory findings are

shown in Table 1. Based on the laboratory evaluation, the

diagnoses including chronic liver disease, hypothyroidism,

pheochromocytoma, adrenal insufficiency, and insulinoma were

excluded, and NICTH was suspected. Contrast Computed

Tomography (CT) further revealed a large left retroperitoneal

mass measuring 7.0 cm× 12.3 cm× 13.0 cm with heterogeneous

density, while enhanced CT scans showed moderately uneven

enhancement (Figure 1).

Following these assessments, laparotomy was performed.

Intraoperatively, an about 12 cm * 12 cm tumor with obvious

varicose veins was found in the retroperitoneum, and the tumor

adheres to the surrounding tissues. There was no visiable

metastasis. After carefully sepatating the tumor, the patient

underwent complete surgical resection of the mass

(Supplementary Figure S1). Surgical pathology demonstrated a
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FIGURE 1

Computed tomography (CT) scan of the abdomen. (A). Non-Contrast CT. (B). Contrast CT.

FIGURE 2

Pathological findings of the surgically resected tumors. (A). Hematoxylin-eosin (HE) staining (×150). (B). Immunostaining for IGF-2 is diffuse positive
(×150).
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hemangiopericytoma and a strong positive for IGF-2 (Figure 2).

The ki-67 index was 15% (Supplementary Figure S2). He did

not experience subsequent episodes of hypoglycemia after the

operation. A CT scan of the patient’s abdomen was conducted

for monitoring in our hospital every six months, and a 2.5-year

follow-up did not demonstrate any evidence of recurrence.
Discussion

In 1988,Daughadayetal. reported thefirst caseofNICTHdue to

IGF-2 tumor hypersecretion by thoracic leiomyosarcoma, and the

recurrent severe hypoglycemia resolved after tumor resection (3).

Since then, more than 200 clinical cases of NICTH have been

described. It is now recognized that a comprehensive range of IGF-

2-secreting tumor types is associated with hypoglycemia. Tumors

of epithelial or mesenchymal origin are commonly reported, and

the predominant etiology are hepatocellular carcinomas and
Frontiers in Surgery 03
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fibrosarcomas, respectively (1). This is the first published case of

NICTH with acromegalic features induced by retroperitoneal

hemangiopericytoma, to the best of our knowledge.

The IGF-2 gene, near the INS gene, is located on chromosome

11p15.5 and translated into the pre-pro-IGF-2 peptide, which is

sequentially processed to pro-IGF2 and the 67-amino-acid mature

IGF-2 (4). Typically, approximately 80% of IGF-2 is bound to

IGFBP-3 and acid-labile subunit (ALS) in the circulation, forming a

ternary 150-kDa complex. About 20% of IGF-2 is in a 50-kDa

binary complex containing IGFBP-3 and IGF-2 (5). In IGF-2

secreting tumors, the increased IGF-2 mRNA expression produces

a more considerable amount of pre-pro-IGF-2, leading to

incomplete processing of pro-IGF-2 (known as big IGF-2) (6). The

excessive big IGF-2 interfered with binding the pro-IGF-2-IGFBP-3

complex to ALS, and the proportion of ternary to binary complexes

is reversed, with 20% ternary and 80% binary. Low levels of ALS

and IGFBP-3 magnify the impaired binding of big-IGF-2 (7). The

binary complexes can cross the capillary membrane and act on
frontiersin.org
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TABLE 2 Reviewed current case reports on NICTH with acromegaloid changes.

Year Age Sex Tumor location Histopathology Tumor size IGF-2:IGF-1 Intervention

2019 (11) 60 Male Liver Solitary fibrous tumors 6 × 13 × 11 cm 8.54 Portal embolization + sugery + prednisone

2019 (12) 69 Femal Pleural Solitary fibrous tumors 17.5 cm 20.4 Sugery + prednisone + glucagon

2019 (12) 70 Femal Pleural Solitary fibrous tumors 21 cm 31.8 Sugery + prednisone

2013 (13) 77 Male Retroperitoneal mas Fibroma 16 × 16 cm 23.6 Sugery + chemotherapy + RT + prednisolone

2013 (13) 32 Femal Right suprarenal Adrenocortical carcinoma 15.3 × 12.7 × 12 cm 8.6 Sugery

2011 (14) 53 Femal Right adrenal gland Phaeochromocytoma 15 × 14 × 20 cm 31.5 Octreotide + diazoxide

2006 (15) 53 Male Liver Solitary fibrous tumors NA NA Sugery

2000 (16) 63 Femal Left lung Pleural fibrosarcoma 18 × 10 cm 11.2 Sugery

1995 (17) 60 Male Pelvic tumor Clear cell sarcoma NA 3.3 Sugery

NA, not available; RT, radiation therapy.
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insulin receptors in most tissues, which causes hypoglycemia (8). In

addition, the suppressed GH and IGF-1 levels mediated by the

negative feedback of increased IGF-2 via the IGF-1R in the

hypothalamus also contribute to the hypoglycemic effects of IGF-2-

omas. At present, a widely available assay for assessing big-IGF-2 is

scarce. Although normal IGF-2 levels are frequently reported in

NICTH (9), the IGF-2 to IGF-1 ratio is elevated, and the ratio

exceeding 10:1 has been considered an important screening tool for

NICTH (1, 10). In our case, the serum level of IGF-2 was not

measured, but immunohistochemistry exhibited that the tumor

cells highly expressed IGF-2. Regardless, undetectable IGF-1 and

GH, along with suppressed insulin and C-peptide, strongly

suggested hypoglycemia induced by IGF-2-producing tumor.

In addition to the hypoglycemia effect of IGF-2, growth-

promoting changes have been described in rare instances of

NICTH. In the present case, coarse acromegalic facial features

were observed, which are thought to be mainly ascribed to

IGF-2 activation of multiple subclasses of insulin-related and

IGF-1 related receptors (1). We reviewed the literature on

NICTH accompanied by acromegaliod face changes, and nine

case reports were identified (11–17), see Table 2. The average

age was 60 years (89% of patients above 50 years), with 5

females and 4 males. The most common tumor types were of

mesenchymal origin, in line with previous observations.

Fibrous tissue tumors (6 cases) were the most frequent among

them. Pathologically, hemangiopericytoma is extremely similar

to solitary fibrous tumors, but to the best of our knowledge,

Hypoglycemia with acromegalic facial induced by hemangio-

pericytoma has not been reported. The tumors associated with

NICTH are generally slow-growing and commonly quite large

at the time of diagnosis (3). Fukuda et al. reported that 70%

were larger than 10 cm in diameter (10). Hypoglycemia is

usually the first presenting syndrome, which facilitates the

identification of the tumors. In the present reviewed case

series, the tumor diameter was greater than 10 cm in all

patients, similar to our case. Besides, all patients had a ratio

of IGF-2 to IGF-1 of more than 3, and five patients had a

ratio greater than 10.
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Regardless of tumor types, surgical resection is the mainstay of

therapy for IGF-2-oma. Many case reports have frequently

demonstrated resolution of hypoglycemia after complete resection

(1). When total resection is impossible, debulking followed by

chemotherapy and radiation (depending on tumor pathology) can

be considered. These adjuvant treatments have also been reported

to successfully ameliorate hypoglycemia (18). Except for tumor-

directed therapies, glucocorticoids have been described as the most

effective drugs for NICTH and are used as a “bridge” therapy to

resection (19). In our reviewed case series, 4 cases included

glucocorticoid treatment. One of the underlying mechanisms that

glucocorticoids undertake to prevent hypoglycemia is suppressing

the production of big-IGF-2 in a dose-dependent manner. Other

agents such as rhGH, somatostatin analogs, and diazoxide have

also been reported in a few cases (1).

In conclusion, we present a rare case of NICTH concurrent

with acromegalic facial features induced by a retroperitoneal

hemangiopericytoma. Data from literature indicate that fibrous

origin is the most common tumor type for NICTH with

acromegaly. NICTH should be considered in non-diabetic

patients with recurrent hypoglycemia and suppressed serum

insulin and IGF-1 levels. Earlier diagnosis of NICTH will help

to completely resect the underlying tumor more successfully.
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SUPPLEMENTARY FIGURE 1

Macroscopic view of the resected tumor.

SUPPLEMENTARY FIGURE 2

Immunostaining for Ki-67 (×150).
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Case report: Ectopic thyroid
tissue found in a liver with
hepatocellular carcinoma
Zhanbo Wang†, Jing Yuan† and Jie Li*

Department of Pathology, The First Medical Center, Chinese PLA General Hospital, Beijing, China

Background: Concomitant intrahepatic ectopic thyroid is rare in patients with
hepatocellular carcinoma. Thyroid follicular structures outside the
hepatocellular carcinoma lesions are regarded as satellite nodules or
intrahepatic metastases of hepatocellular carcinoma, which often leads to
misdiagnosis and overtreatment of hepatocellular carcinoma patients.
Case presentation: We report the case of an 83-year-old man with moderately
differentiated hepatocellular carcinoma (2.5 cm) whose liver contained ectopic
thyroid tissue. An encapsulated, multinodular grayish-yellow mass and multiple
satellite nodules were detected and removed by right hepatic lobectomy.
Microscopically, the main tumor displayed a predominant trabecular, cord-
like structure. Liver tissue 0.5 cm from the tumor had a benign-appearing
follicular thyroid structure. The follicles contained colloid tissue and were
lined with low cuboidal cells with scant cytoplasm; lymphatic tissue was also
present in the area. The hepatocellular carcinoma cells were positive for
hepatocyte antigen and glypican-3 and negative for cytokeratin 19. The
follicular thyroid cells expressed thyroglobulin, PAX8, and thyroid
transcription factor-1. A metastatic thyroid neoplasm was excluded clinically
and by ultrasound and computed tomography. One month after surgery, all
of the patient’s serological markers were normal; no tumor recurrence or
metastasis has been detected for 7 postoperative months.
Conclusions: The finding of ectopic thyroid tissue in the liver of a patient with
hepatocellular carcinoma is very rare. The possibility of hepatocellular
carcinoma forming satellite nodules and intrahepatic metastasis should be
ruled out first and immunohistochemistry may be definitive in making the
diagnosis. Further examination is needed to exclude thyroid cancer liver
metastases.

KEYWORDS

ectopic thyroid tissue, hepatocellular carcinoma, thyroid transcription factor-1,

glypican3, thyroid follicular carcinoma

Introduction

Malignant hepatic tumors, including hepatocellular carcinoma, cholangiocarcinoma,

and neuroendocrine tumors, may have a follicular thyroid structure (1, 2); ectopic

thyroid tissue is rarely reported (3). Ectopic tissue in the liver may derive from

structures such as the adrenal gland, pancreas, and spleen (4–6). When it is present,

the possibility of thyroid cancer metastasis must be excluded by studying the patient’s

medical history and conducting ultrasound examination. No case of ectopic thyroid
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tissue in the liver of a patient with hepatocellular carcinoma has

been described in the literature. Here, we present a case of this

rare condition.
Case presentation

An 83-year-old man presented with a 6-month history of dull

pain in the right abdomen. Serological examination revealed that

he was negative for hepatitis B surface antigen and hepatitis C

virus antibodies. On computed tomography examination,

irregular and slightly low-density (∼26 HU) shadows were

observed in the right lobe of the liver, near the top of the

diaphragm, representing a tumor measuring 29 × 23 mm with

clear boundaries (Figure 1). Serological tests revealed that the

patient had a carcinoembryonic antigen level of 5.38 µg/L

(normal range, 0–5.0 µg/L), alpha fetoprotein level of 3.36 µg/L

(normal range, 0–20 µg/L), carbohydrate antigen 19–9 level of

36.97 µ/ml (normal range, 0–37 µ/ml), and cancer antigen-125

level of 11.42 µ/ml (normal range, 0–35 µ/ml).

During the operation, the tumor was found to be located in

the eighth segment of the right lobe of the liver; thus, the right

hepatic lobe was partially resected. The tumor was a grayish-

yellow mass (2.5 × 2 × 2 cm) located under the liver capsule

with a clear boundary from surrounding tissues. Microscopic

observation revealed that it was moderately differentiated

hepatocellular carcinoma with a cord-like, trabecular structure

and a pattern of local pseudoglandular growth. Some tumor

cells were translucent, and multiple satellite nodules were

found around the main tumor nodule (Figures 2A,B). An

area of liver tissue (∼0.3 cm) located 0.5 cm from the main

tumor had a benign-appearing follicular thyroid structure
FIGURE 1

Ct image with irregular and slightly low-density shadows indicating a
hepatocellular carcinoma lesion in the right lobe of the liver, near
the top of the diaphragm (arrow).
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(Figures 2B,C). The lesion was too small to appear on CT

images. The follicles contained colloid tissue and were lined

with low cuboidal cells with scant cytoplasm; lymphatic tissue

was also present in the area.

Immunohistochemical (IHC) analysis of the hepatocellular

carcinoma revealed hepatocyte antigen positivity, cytokeratin-

19 negativity (Figure 2D), and glypican-3 (GPC-3) positivity

(Figure 2E). Epithelial cells in the area with a follicular

thyroid structure showed no atypia; they were negative for

hepatocyte paraffin 1 (Hep Par-1) and positive for

thyroglobulin (TG) (Figure 2F), PAX8 (Figure 2G), and

thyroid transcription factor-1 (TTF-1; Figure 2H).

The patient had no history of a thyroid tumor, and thyroid

function test results were normal. Thyroid hormone levels were

in normal ranges (triiodothyronine, 1.27 ng/mL; thyroxine,

10.5 g/dl; free triiodothyronine, 3.84 pmol/L; and free

thyroxine, 17.76 pmol/L).

Ultrasound examination showed no primary thyroid tumor.

The final diagnosis was moderately differentiated hepatocellular

carcinoma with heterotopic thyroid tissue in the liver. One

month after surgery, all of the patient’s serological markers

were normal; no tumor recurrence or metastasis has been

detected for 7 postoperative months.
Discussion and conclusions

Ectopic tissue in the liver is occasionally reported; adrenal

tissues and tumors of adrenal origin (i.e., adrenal heterotopia)

are relatively common, found in 9.9% of unselected autopsy

cases in one study (7). A search of the PubMed database

yielded no report of a hepatocellular carcinoma case in which

ectopic thyroid tissue was found in the liver, as in the case

reported here.

Ectopic thyroid tissue is the result of abnormal embryonic

development of the thyroid. Normally, the primordial thyroid

base descends to a location between the thyroid cartilage and

sixth tracheal cartilage ring before birth, where it develops

into a normal thyroid. When this process fails, the thyroid

base may remain between the foramen cecum of the tongue

and the thyroid isthmus. Heterotopia of the thyroid gland is a

relatively rare condition that primarily involves the liver.

The presence of ectopic thyroid tissue has no specific

clinical manifestation, and preoperative diagnosis is difficult.

Depending on the anatomical position of this tissue, patients

may have non-specific clinical symptoms, such as wheezing

and dyspnea, which are easily misdiagnosed and mistreated.

The patient described here had no related symptom, and the

ectopic thyroid lesion was too small to be detected by imaging.

Hepatic ectopic thyroid tissue must be differentiated from

hepatic tumors and pseudolymphoma. Metastasis of a

malignant thyroid tumor must be ruled out; distant

metastases of thyroid cancer usually involve the lung, bone,
frontiersin.org
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FIGURE 2

(A) The hepatocellular carcinoma had a trabecular structure, with some translucent cells. H&E staining, magnification 100×. (B) Multiple satellite
nodules were present around the main tumor nodule (red arrow). Liver tissue 0.5 cm from the main tumor had a benign-appearing follicular
thyroid structure (black arrow). H&E staining, magnification 20×. (C) The follicular epithelial cells showed no atypia. H&E staining, magnification
100×. (D) Immunohistochemical staining of the hepatocellular carcinoma was negative for CK-19 (D) and positive for GPC-3 (E). Magnification
100×. Immunohistochemical staining of the ectopic thyroid epithelial cells was positive for TG (F), PAX-8 (G), and TTF-1 (H). Magnification 100×.
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and brain, with uncommon sites including the kidney, liver,

pancreas, adrenal gland, and ovary (8). Follicular thyroid

carcinoma may be difficult to differentiate from ectopic

thyroid follicles; ultrasound of the thyroid gland and the

patient’s medical history are crucial for such differentiation.

In the present case, the patient had no thyroid tumor or

history thereof, and showed normal thyroid function. The

structure of the ectopic thyroid follicles was normal, and the

follicular epithelial cells showed no atypia. Thus, thyroid

cancer metastasis could be excluded.

When ectopic thyroid tissue with a follicular structure is

detected around a hepatocellular carcinoma lesion, as in the

present case, the possibility of hepatic epithelial cancer with a
Frontiers in Surgery 03

81
thyroid follicular structure must be ruled out (9).

Hepatocellular carcinoma that mimics the follicular thyroid

structure, especially with a pseudoglandular growth pattern

and bile production, is not uncommon. Intrahepatic

cholangiocarcinoma and neuroendocrine tumors that mimic

the thyroid structure have also been reported (1, 2). In such

cases, a single IHC marker cannot be relied on; panels

including Hep Par-1, GPC-3, TTF-1, PAX8, TG,

synaptophysin, chromogranin A, CD56, and other indicators

aid the diagnosis. In the present case, the follicular epithelium

was TTF-1, PAX8, and TG positive, indicating that a

malignant hepatic epithelial tumor imitating the follicular

thyroid structure could be ruled out.
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In conclusion, the finding of ectopic thyroid tissue in the

liver of a patient with hepatocellular carcinoma is very rare.

In such cases, primary tumors of the liver with follicular

thyroid morphology, including hepatocellular carcinoma,

intrahepatic cholangiocarcinoma, and neuroendocrine

tumors, should first be ruled out. Especially in patients with

primary liver malignancies, ectopic thyroid lesions may be

misdiagnosed as satellite tumor nodules, which may lead to

misjudgment of the patient’s prognosis and over-treatment.

It is also important to consider the patient’s history

thoroughly and to use imaging to exclude thyroid

cancer metastasis.
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Case report: Balloon
compression for cervical chyle
leakage post neck dissection
Zhaoming Ding, Mengshi Chen, Rui Pang, Ruinan Sheng,
Xuesong Zhao and Chunlei Nie*

Department of Thyroid Surgery, Harbin Medical University Cancer Hospital, Harbin, China

Postoperative chyle leakage (CL) is a rare but severe complication after neck
dissection, and most patients with this complication can be treated
conservatively. However, in patients with high-flow leakage, efficient and
well-tolerated conservative treatment options are still lacking, and the
treatments can be complicated. In this study, we report a case with CL of
1100 ml/day after neck dissection that was successfully treated by balloon
compression.

KEYWORDS

chyle leakage, thyroid cancer, neck dissection, balloon compression, case report

Introduction

Chyle leakage (CL) is a rare but severe complication of thyroid surgery with neck

dissection, and the main cause of CL may be trauma to the thoracic duct and its

main distribution (1). Prolonged CL can cause severe malnutrition, psychological

depression, or even mortality. Prompt identification and treatment of CL are essential

for optimal surgical outcomes (2).

Currently, there is no standardized treatment for the management of CL (3); usually,

the first line of treatment is conservative management, such as a modified diet, drainage

of effusion, pressure dressings, and the administration of octreotide and etilefrine (4),

which are useful for most cases. However, high output fistulas (>1 L/day) or

prolonged drainage with a low CL volume (a duration >7 to 14 days) will often

respond unsatisfactorily to conservative management alone and require surgical

intervention (5, 6). Herein, we report a case of a patient with high-volume cervical CL

of 1100 ml/day who was treated successfully by balloon compression, and the patient

successfully avoided reoperation. This study was reported in agreement with principles

of the CARE guidelines (7).
Case presentation

A 70-year-old man was admitted to our hospital due to the presence of a thyroid

tumor and lymphadenopathy in the left lower neck diagnosed on US and CT. Fine-

needle biopsy was used to make the diagnosis of PTC, clinically T1N1bM0. After

discussing treatment options with the patient, total thyroidectomy with central and

left lateral neck dissection was performed. During the operation, multiple metastatic
01 frontiersin.org
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lymph nodes with a maximum diameter of 3 cm in level IV

were cleared; on the premise of completing oncological

resection, the trunk of the thoracic duct was preserved. In the

thyroid cavity, a single drain was placed; in the left neck

cavity, two drains were placed and drained out from the

anterior and posterior edges of the sternocleidomastoid

muscle separately. Histopathological examination revealed that

a total of 43 lymph nodes were removed in the left lateral

neck compartment, and 20 of them were found to have tumor

metastasis. Among them, in level IV, the number of

metastatic/total lymph nodes was 8/10.

Postoperatively (Figure 1), on the first postoperative day

(POD1), the fluid in the lateral neck cavity drain was 200 ml/

d, which was bloody in color, and this is common after

surgery. On the second postoperative day (POD2), this drain

produced 600 ml of milky fluid. The volume obtained from

the drain increased to 1100 ml per day on POD3, even after

the patient was treated with fasting, total parenteral nutrition

and pressure dressings with elastic bandages. Because of the

large amount of chyle, we speculated that it would be unlikely

that conservative treatment would be effective, and the

massive lymph loss may also be associated with mortality.

Therefore, we decided to take some active interventions and

designed a balloon-compression maneuver to improve the

pressure dressing therapy. We removed the lateral neck

drainage tube of the anterior edge of sternocleidomastoid,
FIGURE 1

Postoperative progress and amount of discharge from lateral cervical drainag
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placed a size 14 sterile urinary catheter and retraced and

connected a negative pressure drainage. The balloon was

placed between the internal jugular vein and the sternal head

of sternocleidomastoid, which was located by palpation. Then,

10 ml normal saline was injected into the balloon, creating

local pressure at the possible lymphatic damage area at the

venous angle (Figure 2). When the patient’s neck moved, the

balloon tended to move inward rather than fall out; therefore,

we fixed the drainage tube on the chest wall skin with

adhesive tape to ensure that the position of the balloon would

be fixed. After balloon compression, the amount of discharge

from the cervical drainage tube decreased immediately to

10 ml/24 h. On this day, we also removed the drain in the

thyroid cavity, and the drain had a total drainage of 60 ml,

which was hemoserous.

On POD5, we tentatively reduced the balloon volume to

5 ml, but the amount of discharge increased to 100 ml/6 h.

We adjusted the balloon volume to 10 ml again, and the

steady chyle leakage stopped. On POD7, we reduced the

balloon volume to 5 ml, and the amount of discharge did not

increase. The patient resumed a normal diet on POD8; during

this time, there was still no volume of fluid that was collected.

On POD9, the drainage tube was removed, the patient was

discharged from the hospital on POD10, and no neck swelling

was reported. No cervical chyle-related symptoms were found

after one month of follow-up.
e tube.
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Discussion

Chyle leakage (CL) following neck dissection for thyroid

carcinoma is infrequent but represents a serious complication.

Several studies have reported chyle leakage incidences of

0.6%–1.4% after CND and 4.5%- 8.3% after lateral neck

dissection (8–11). The incidence varies according to the

surgical extent, and it more commonly occurs when

extranodal extension is involved around the level IV

compartment (12). According to the results of a previous

study, a CL volume of 1 L/day is often used as a cutoff value

to classify CL volumes as low and high (6). High-volume CL

is a clinically inevitable and severe problem that can cause

hypovolemia, malnutrition, electrolyte disturbances, metabolic

imbalance, immunosuppression, dehydration, poor wound

healing and prolonged length of hospital stay (13). Early

identification and appropriate management of CL are

imperative for optimal surgical outcomes. Meticulous

protection of the thoracic duct during surgery is crucial to

prevent CL, but the variation in the termination and fragility

of the thoracic duct renders it difficult to avoid completely,

even when the operation is performed by an experienced

surgeon (14–17).
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The management of CL that is detected postoperatively is

challenging, and conservative management, including NPO

with total parenteral nutrition, administration of medium-

chain triglycerides and octreotide, repeated aspiration,

negative pressure drainage, and pressure dressings (4), are the

first-line treatment approaches, and these treatments are

performed to promote spontaneous fistula closure by

diminishing the chyle flow. However, if conservative therapy

fails, invasive interventions are recommended, including

lymphangiographic embolization of the thoracic duct,

thoracoscopic thoracic duct ligation, and the use of local

rotational muscle flaps to obliterate the leakage sites (17–19).

To date, there are no consensus guidelines on the timing of

surgical exploration, and it is usually considered that surgical

intervention should be decided upon within the first 4–5 days

of CL when the patient does not develop a prompt response

to medical management (20). Meanwhile, the surgical

approach will cause patients to suffer more and is associated

with an increase in complications. We aimed to find a new

conservative treatment to cure CL postoperatively.

Pressure dressing is a simple, initial and effective approach

that is applied in surgery to deal with hemorrhage or leakage. In

the treatment of CL, pressure dressings are used to compress the
frontiersin.org
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leaking chyle vessel and allow time for spontaneous closure

(11, 20). However, traditional pressure dressings are ineffective

for most patients when we use thick dressings with elastic

bandages to put pressure on the lower neck. Since the

thoracic duct is located deep in the venous angle and due to

the occlusion of the anterior clavicle and sternocleidomastoid

muscle, it is difficult to place an adequate amount of pressure

on the precise point of leakage with only external pressure.

Moreover, excessive pressure causes significant patient

discomfort and affects skin flap viability (19). Interestingly, a

previous study introduced a simple, finger-based pressing

maneuver to stop CL, although it may be more challenging to

widely adopt because of the labor required by the person

carrying out continuous pressing; it is effective and

comfortable compared with the traditional methods (21). In

this case, we applied a new method based on balloon

pressure. We used the balloon of a urinary catheter to

compress the CL at the angle of the vein and accurately

achieved appropriate and mild compression on the crucial

pressing point.

We confirmed that the integrity of the thoracic duct trunk

during the operation, as the TD route and terminations

demonstrate many variations. We considered that this CL

may be due to injury of an anatomical variation of TD

terminations or its tributaries. Since the patient presented

with high-output CL and failed to respond to conservative

management, to avoid the burden of reoperation, we used a

balloon to compress the venous horn to reduce the lymph

exudation and provide conditions for spontaneous healing. To

avoid the potential risk of chylothorax caused by excessive

compression, another negative pressure drainage tube was

kept indwelling until it was finally removed with the urinary

catheter. In this case, our prompt treatment reduced the loss

of lymph, the patient avoided reoperation, and the treatment

shortened the hospital stay. To the best of our knowledge, this

is the first and only case of CL treatment by balloon pressure.

This treatment is simple, safe and well tolerated by patients,

and the rapid reduction of drainage volume also increases the

patient confidence and reduces anxiety.

This single case report had some limitations. First, we

located the balloon by palpation, but this method is not

accurate enough. It might be better to use guided ultrasound

to locate the exact position of the damage and place the

balloon. Second, we speculated where the point of leakage was

located through clinical experience and intraoperative

findings, and it might be better to determine the precise point

of leakage before balloon pressure. Third, we overlooked the

potential thrombotic risk of balloon compression on the vein;

fortunately, the patient did not develop thrombosis-related

complications, possibly because the mild compression did not

completely compress the internal jugular vein. Ultrasound

should be performed after balloon compression to confirm

that the internal jugular vein is still unobstructed, and daily
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ultrasound should be used to confirm that there is no

thrombosis in the vein. Moreover, we are not sure whether

anticoagulation therapy should be used. Fourth, this was only

a single case. Although the patient, who had CL of 1,100 ml/

day, was managed successfully by balloon pressure, without

surgical intervention, firm conclusions regarding the safety,

feasibility, and efficacy of balloon pressure require further

investigation in a prospective series. A suitable anatomical

model to study the compression effect of pressure on

lymphatic vessels is also required.
Conclusion

In conclusion, the results of this case suggest that high-

volume CL post neck dissection might be managed

conservatively with balloon pressure. This technique provides

a considered conservative option for treating CL.
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Laparoscopic treatment for an
intrapancreatic accessory
spleen: A case report

Yihan Zhang1,2†, Guodong Shi1,2†, Lingdong Meng1,2†,
Jing Wu3, Qingqiao Hu4, Dong Xv1,2, Kai Zhang1,2,
Zipeng Lu1,2, Junlii Wu1,2* and Kuirong Jiang1,2*

1Pancreas Center, the First Affiliated Hospital of Nanjing Medical University, Nanjing, China,
2Pancreas Institute, Nanjing Medical University, Nanjing, China, 3Department of Pathology, The First
Affiliated Hospital of Nanjing Medical University, Nanjing, China, 4Department of Nuclear Medicine,
The First Affiliated Hospital of Nanjing Medical University, Nanjing, China
Malignant pancreatic tumors have early metastasis, aggressive behavior and

poor prognosis. Surgeons often need to judge whether a patient needs prompt

surgery when a pancreatic lesion is found. The accessory spleen is a congenital

developmental malformation rather than a tumor and does not require surgical

resection. Here, we report a 47-year-old man who underwent routine

gastroscopic examination, and a submucosal eminence of the duodenal bulb

was detected. The patient was asymptomatic and laboratory tests were

unremarkable. Duodenal neuroendocrine neoplasm (G2) was considered

following endoscopic submucosal dissection (ESD). Further examination

showed a lesion in the tail of the pancreas and multiple accessory spleens.

The lesion in the tail of the pancreas was Ga-68 positive and was highly

considered a pancreatic neuroendocrine tumor (pNET). Based on this clinical

evidence, laparoscopic spleen-preserving distal pancreatectomy (Kimura) was

performed. However, the results of the postoperative pathological diagnosis

indicated an intrapancreatic accessory spleen (IPAS). Given the findings of this

case, we should explore more accurate diagnostic methods for IPAS to avoid

unnecessary surgery.

KEYWORDS

intrapancreatic accessory spleen, pancreatic neuroendocrine tumor, imaging
diagnosis, pathological diagnosis, surgery
Introduction

Accessory spleen (AS) is a congenital developmental malformation that mainly

occurs in the splenic hilum (62.1%) and tail of the pancreas (5.5%) (1–3). Researchers

have found that approximately 10% to 40% of patients have AS at autopsy (4). A large

meta-analysis of patients with AS showed that those in Oceania had the highest incidence
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of AS (26.6%), followed by patients in North America (16.7%),

Asia (14.1%) and Europe (12.2%) (5).

Advances in imaging diagnosis technology have helped

identify an increasing number of people with pancreatic

masses and, simultaneously, AS. ASs located in the pancreas

are defined as intrapancreatic accessory spleens (IPASs). IPASs

usually show no obvious symptoms and are often discovered in

routine radiology examinations. There are no significant

radiological differences between IPASs and pancreatic

neuroendocrine tumors (pNETs), which may lead to a

misdiagnosis. Here, we discuss methods for accurately

diagnosing IPAS through a case encountered in our center.
Case

A submucosal eminence of the duodenal bulb was

discovered in a 47-year-old male patient after agreeing to

undergo routine electronic gastroscopy in a local hospital. The

eminence measured approximately 3*3 cm and presented with

hyperemia on its surface. The patient had no chest tightness,

asthma, bloating, abdominal pain or other symptoms. Ten days

later, he was transferred to another hospital and underwent an

abdominal enhanced CT scan as well as endoscopic submucosal

dissection (ESD). The pathology results after ESD indicated that

the mass was a neuroendocrine tumor (NET), the

immunohistochemical report showed CgA (+), Syn (+), CD56

(+/-), SSTR2 (+), and Ki67 (4%+), and the mitotic count was 0-

1/10 high-power fields (HPF). The mass was diagnosed as a

NET-G2.
Frontiers in Oncology 02
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Given the malignant and metastatic potential of NETs and

that the pathological grade of metastatic lesions may be higher

than that of primary lesions, the patient underwent Ga-68

examination at a third hospital to evaluation whether other

NETs were present in the abdomen and the rest of the body.

Imaging revealed a high-uptake nodule in the tail of the pancreas

and three accessory spleens with low uptake around the pancreas

(Figure 1 and SFigures 1, 2).

For further treatment of the pancreatic tail lesion, the patient

was transferred to our hospital. Neither his physical nor

experimental examinations showed remarkable disorders. The

patient’s serum tumor markers (CA19-9, CA125, alpha

fetoprotein (AFP) and carcinoembryonic antigen (CEA)) were

normal. After admission, endoscopic ultrasonography (EUS)

was performed. We found a quasicircular, slightly hypoechoic

lesion measuring approximately 10*8 mm. The lesion was

located in the tail of the pancreas, close to the splenic hilus.

To further clarify the nature of the lesion and uncover other

lesions, we performed dual-energy CT (DECT) of the pancreas

before continuing with the next treatment steps. From the CT

scan, we observed a nodular soft tissue density shadow in the tail

of the pancreas measuring approximately 10*11 mm. It was

significantly enhanced in the arterial phase, weakly enhanced in

the venous phase and had a slightly low density in the delayed

phase. Additionally, there were multiple soft tissue density

shadows around the spleen, which were considered small ASs

(Figure 2, SFigure 3). Although the CT results showed that the

lesion was similar to the ASs outside the spleen in density and

enhancement characteristics, there was a great difference

between these two kinds of lesions on PET/CT (high uptake/
FIGURE 1

68Ga PET/CT shows a high-uptake nodule in the tail of the pancreas (red arrow) and an accessory spleen (blue arrow) with low uptake around
the pancreas. (A). PET image. (B). CT image. (C) Fused PET/CT image. (D). Whole-body PET image.
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low uptake). Combined with the patient’s history of duodenal

NET, we continued to highly consider the lesion to be a

pancreatic NET (pNET). Based on the results above, the

patient underwent laparoscopic spleen-preserving distal

pancreatectomy (Kimura). The stapler technique for stump

closure was performed after left pancreatectomy. This patient
Frontiers in Oncology 03
90
had no postoperative complication including a clinically relevant

postoperative pancreatic fistula (CR-POPF) and was successfully

discharged on postoperative day(POD) 10. The amylase level of

drain fluid was high at 15569U/L and the drains were removed

on POD 9, Based on the 2016 International Study Group

(ISGPS) definition and grading of POPF, it belonged to a

biochemical leak, but not a CR-POPF. Postoperative pathology

showed pancreatic tissue, lymphoid follicles and blood sinus-like

structures (Figure 3). The immunohistochemical results showed

CD20 (+), CD3 (+), CK-pan (-), and Syn (-). The lesion was

considered an IPAS rather than a pNET. After a postoperative

follow-up of 12 months, the patient had no recurrence.

The diagnosis of pNET by Ga-68 PET/CT mainly depends on

the high expression of SSTR (mainly somatostatin receptor 2

(SSTR2) and 5 (SSTR5)). According to the earlier PET/CT results

of this case, the lesion of the pancreatic tail was Ga-68 positive,

indicating a highly likelihood of a misdiagnosis of NET. Therefore,

we further performed additional immunohistochemical

experiments. The SSTR results were SSTR2(+) and SSTR5(-)

(Figure 4). In addition to SSTR, three other markers were tested,

and the results were CD68(+), ERG(+), and CD8(+). Combined

with hematoxyl in and eosin (HE) sect ioning and

immunohistochemistry, this case was finally diagnosed as an

intrapancreatic accessory spleen.
Discussion

In this case, an IPAS was misdiagnosed as pNET, resulting in

unnecessary surgery. However, the patient underwent relatively
FIGURE 3

Pathological results (100X). The pancreatic tail lesion is rich in blood sinus structures, and lymphoid follicles and sinusoid-like structures can be seen.
FIGURE 2

Dual-energy CT examination of the pancreas shows a nodular
soft tissue density shadow in the tail of the pancreas (red arrow)
and two accessory spleens near the pancreas and spleen (blue
arrows). (A). Plain-scan phase. (B). Arterial phase. (C). Venous
phase. (D). Delayed phase.
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sufficient examinations before the operation including

radiography, endoscopy and PET/CT imaging. The

preoperative examination results did not suggest the possibility

of a diagnosis of IPAS, which led to the implementation of

unnecessary surgery. Given the results of this case, we attempted

to determine the causes of the misdiagnosis and identify better

differential diagnosis methods.

Usually, CT is the first choice in the diagnosis of pancreatic

masses, as it can be helpful in determining the location of the

mass, analyzing the relationship between masses and blood

vessels, and preliminarily evaluating the tumor stage. In this

case, the pancreatic tail mass was significantly enhanced in the

arterial phase. Although the enhancement was weaker in the

venous phase, it was still higher than that of the surrounding

tissue. These hypervascular manifestations are consistent with

the radiological characteristics of pNET. However, we ignored

the fact that the mass matched the density of the spleen at all

phases. This feature is an important difference between IPASs

and pNETs. This characteristic change in density may be difficult

to detect due to a lack of individual clinical experience or

inaccurate CT phase capture. We consider that additional MRI

may have helped to clarify the diagnosis. IPASs match the

intensity of all sequences of the spleen on MRI. Although the

intensity of both pNETs and IPASs shows a low T1 and high T2,

pNETs can have a ring-like enhancement (6). However, pNETs

with high fibrosis have no significant or delayed intensity

changes between sequences, which makes it difficult to

distinguish them from IPASs (7). Val-bernal et al. reported 4

cases of pancreatic tail lesions, all of which were diagnosed as

pNETs by CT and MRI. However, three of them were

pathologically confirmed as IPASs via endoscopic ultrasound-

fine needle aspiration (EUS-FNA) biopsy (8). IPAS cannot be

diagnosed accurately only through imaging examinations.

EUS is helpful for making diagnoses with less invasive

trauma. In this case, the endosonographers used EUS and

described that the lesion was quasicircular and slightly
Frontiers in Oncology 04
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hypoechoic with a clear boundary. However, IPASs and

pNETs have similar profiles on EUS, such as round and

homogenous lesions with clear and regular boundaries, which

means it is still difficult to make a diagnosis excluding pNET

with this imaging modality (1). To improve the accuracy of the

diagnosis, biopsy via EUS or ESD is often needed. At present, a

variety of markers are used in the pathological differential

diagnosis of IPAS and pNET, such as CK-pan, Vim (epithelial

and neural markers), CgA, Syn, CD56 (NET diagnostic markers)

and Ki-67 (grading markers). It is worth noting that CD8 has

been reported to be more conducive in improving the accuracy

of the differential diagnosis between IPAS and pNET (2). We

believe that CD8 staining should be added on the basis of pNET-

related immunohistochemistry.

The case serves as a reminder to consider combining various

methods to help to make a more precise diagnosis. Some

researchers have found that the use of PET/CT can enhance

the accuracy of diagnosis. 68-Ga PET/CT has an important role

in the differential diagnosis of pNETs from other pancreatic

lesions, and it could be used as an exclusive diagnostic method to

distinguish pNETs from IPASs. However, because of the

physiological radioisotope uptake of 68-Ga in splenic tissue,

false positive results in Ga-68 PET/CT have been reported,

leading to misdiagnoses of IPASs as pNETs (9, 10). Similarly,

in our case, Ga-68 PET/CT was performed but was unable to

yield a correct diagnosis. Liberini (11) et al. reported on a fully

convergent iterative image reconstruction algorithm with b‐
values of 1000 (BSREM1000) and a data‐driven gating (DDG)

technique for correcting 68Ga-Dotatate PET/CT data and more

effectively distinguishing pNETs from IPASs.

In addition to calibrating 68Ga PET/CT data, we also focused

on finding another method. Tc-99m heat-denatured red blood

cell single photon emission computed tomography has recently

been shown to be a better choice for differentiating pNETs from

IPASs (12). The use of this technique for diagnosing the spleen

dates back to the 1980s, when Dworkin et al. (13) identified the
FIGURE 4

Postoperative pathological specimens and immunohistochemical results of IPAS demonstrate SSTR2(+) (A) and SSTR5 (-) (B) (100X).
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presence and size of a spleen in a patient with functional

asplenia. This method is now used to detect the presence of

ASs in patients with recurrent chronic idiopathic

thrombocytopenic purpura (ITP) after splenectomy (4). It has

also been reported in the diagnosis of intrathoracic splenosis

(14). Because 99mTc thermally-denatured erythrocytes only

accumulate in splenic tissue rather than pNETs, some

researchers believe that it can be the best method for

diagnosing IPAS (14, 15).
Conclusion

In conclusion, we believe that CT and MRI still play important

roles in the localization and size evaluation of lesions, although they

cannot accurately distinguish pNET from IPAS at present. Based on

the imaging results in the literature, EUS-FNA should be performed

to obtain satisfactory tissue for biopsy. It is suggested that CD8

sta in ing be added on the bas i s of pNET-re la ted

immunohistochemistry to exclude IPAS or avoid unnecessary

surgery. Tc-99m heat-denatured red blood cell single photon

emission computed tomography is a promising method for

diagnosing IPAS, but the number of hospitals performing this

technique is relatively limited at present. Based on the factors above,

we believe that CT/MRI combined with EUS-FNA can contribute

to improving the accuracy of IPAS diagnosis and avoiding

unnecessary surgery.
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SUPPLEMENTARY FIGURE 1

68Ga PET/CT shows an accessory spleen (blue arrow) with low uptake
near the spleen. (A). PET image. (B). CT image. (C) Fused PET/CT image.

(D). Whole-body PET image.

SUPPLEMENTARY FIGURE 2

68Ga PET/CT shows an accessory spleen (blue arrow) with low uptake

near the splenic hilum and tail of the pancreas. A). PET image. (B). CT
image. (C) Fused PET/CT image. (D). Whole-body PET image.

SUPPLEMENTARY FIGURE 3

Dual-energy CT examination of the pancreas shows an accessory spleen

near the splenic hilum (blue arrow). (A). Plain-scan phase. (B). Arterial
phase. (C). Venous phase. (D). Delayed phase.

SUPPLEMENTARY FIGURE 4

Pathological section and immunohistochemical results for SSTR2 and

SSTR5 (40X).
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Introduction: Bronchogenic cyst is a congenital aberrat ion of

bronchopulmonary malformation with bronchial-type, pseudostratified

cylindrical epithelium. They are usually discovered in the mediastinum and

intrapulmonary but are rarely encountered in retroperitoneum. We report a

case of the retroperitoneal bronchogenic cyst and perform a literature review

to summarize the safety of laparoscopic resection for this rare disease.

Case presentation: We report a 57-year-old woman who was admitted to our

hospital with no clinical symptoms and was found by chance to have masses in

the adrenal gland area during a routine physical examination. An abdominal CT

examination revealed a cystic lesion was found in the left suprarenal region.

Afterward, the patient underwent a laparoscopic exploration. Histopathological

findings confirmed the diagnosis of a retroperitoneal bronchogenic cyst. The

patient recovered uneventfully without signs of recurrence during a 1-year

follow-up period.

Conclusion: Bronchogenic cyst is rare in the retroperitoneal region. It should

be considered as one of the differential diagnoses of a retroperitoneal

neoplasm, especially in the left retroperitoneal region. Laparoscopic surgery

is technically feasible and safe for the treatment of patients with a

retroperitoneal bronchogenic cyst.

KEYWORDS

bronchogenic cysts, laparoscopic surgery, retroperitoneal neoplasm, case report,
retroperitoneal bronchogenic cyst
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Introduction

Bronchogenic cysts (BCs) arise from abnormal budding of

the foregut during embryogenesis, which is a benign congenital

aberration of bronchopulmonary foregut malformation (1). It is

typically located within the mediastinum and pulmonary

parenchyma. The retroperitoneum is rarely involved (2).

Particularly, retroperitoneal bronchogenic cysts(RBCs) tend to

occur on the pancreas corpus or left adrenal gland (3). In most

cases, BCs are asymptomatic unless they are infected, ruptured

into the surrounding cavities, or enlarged enough to compress

adjacent structures (4, 5). Cough, fever, pain, and dyspnea are

among the most common manifestations (6). Due to the lack of

characteristic clinical features, RBCs are often accidentally

identified and diagnosed by imaging examinations, such as

computed tomography(CT) and magnetic resonance imaging

(MRI) (7). However, due to their rarity, location, variable cystic

content, and non-specific imaging, they are frequently

misinterpreted as cystic teratomas, adrenal tumors, or other

benign and malignant retroperitoneal lesions (7–9). Although

benign lesions, surgical resection is recommended to establish

the diagnosis, alleviate symptoms, and prevent complications or

malignant transformation (1, 10). Recently, laparoscopic

procedure for RBCs has become increasingly popular for

decreased scarring, less complications, shorter hospital stays,

and faster recovery. Herein, we present a case of RBC, which was

successfully removed through a laparoscopic excision.

Additionally, we have performed a literature review to

summarize the safety of laparoscopic resection for this

rare disease.
Case presentation

On January 4, 2021, a 57-year-old woman was referred to the

West China Hospital for evaluation of a left adrenal neoplasm

suspected of being an adrenal tumor. The patient had no

symptoms and the mass was incidentally discovered on
Frontiers in Oncology 02
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medical examination. There were no obvious abnormalities in

her medical history or physical examination. Additionally, she

did not have any underlying diseases or take any medications.

Routine laboratory investigations such as complete blood counts

and liver and kidney function tests were within normal ranges.

Specifically, negative results were obtained for all adrenal gland

hormones and serum tumor markers (Table 1).

CT showed an ovoid, well-defined, and heterogeneous

lesion, measuring 2.2×5.8 cm in her left adrenal area

(Figure 1). Based on these CT imaging characteristics, a

benign lesion (most likely a cyst) was suspected. To confirm

the diagnosis and determine the feature, the cyst was completely

removed through the laparoscope.

During the surgery, the patient was positioned supine. Using

Veress needles, a 1.5-cm incision near the upper navel edge was

made to establish pneumoperitoneum with a constant pressure

of 13 mm Hg. Four trocars were used: a 5 mm trocar was

inserted on the left side of the umbilicus, and two 12 mm trocars

were placed below the right costal margin in the midclavicular

line and mid-axillary line, respectively. The rest 12 mm trocar

was installed under the xiphoid process. The procedure was

performed using an ultrasonic surgical aspirator (CUSA;

Cavitron Lasersonic Corp., Stamford, CT, USA), an ultrasonic

system (Harmonic® scalpel; Ethicon Endo-Surgery, Inc.,

Cincinnati, OH, USA), and a bipolar clamp coagulation

system (ERBE, Tubingen, Germany). Dissociation and

exposure of the mass were achieved through the ultrasound

knife, along with clamping the blood vessels leading to and from

the tumor by a titanium clip. Intraoperatively, a 4×3cm cyst

mass was observed behind the head of the pancreas and on the

left side of the abdominal aorta, which had an unclear boundary

with the surrounding tissues and was closely adhered to the

diaphragm. The entire mass was completely removed.

Afterward, we repaired the damaged diaphragm and

performed complete hemostasis of the wound. The resection

specimen was collected in a plastic bag and removed via small

incisions around the umbilical cord. An orthopedic drainage

tube was inserted into the left retroperitoneal cavity, and slightly
Table 1 Laboratory tests for catecholamine metabolism and tumor marker.

Patient values Units Ref Range Status

Epinephrine 0.05 nmol/L <0.34 –

Norepinephrine 0.56 nmol/L <5.17 –

Dopamine 0.05 nmol/L <0.31 –

Methoxypinephrine 0.13 nmol/L <0.42 –

Methoxy norepinephrine 0.37 nmol/L <0.71 –

3-Methoxytyramine 4.43 pg/ml <18.40 –

AFP 1.26 ng/ml <7 –

CA-125 11.38 U/ml <24 –

CA-199 16.00 U/ml <30 –

CEA 0.69 ng/ml <5 –
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bloody fluid was collected. The operation lasted 200 min, and the

estimated blood loss was 20 ml with no transfusion.

The postoperative period was uneventful and the patient was

discharged on the 6th day after surgery with no complications.

CT was repeated regularly after surgery. No recurrence,

metastasis, or other complications were observed after one and

a half years of follow-up.

Grossly, the cystic lesion measured 60 mm in diameter

(Figure 2A). Sectioning revealed yellowish fluid within the

white tough tissue. Cystic walls were about 1-2 mm thick with

a smooth interior surface (Figure 2B). Pathologically,

characteristic pseudostratified columnar epithelium and

cartilage were identified in histological specimens (Figure 2C).

It was definitively determined that a retroperitoneal

bronchogenic cyst existed.
Discussion

BCs are rare cystic lesions, with the prevalence in the general

population remaining unknown (11).Men are slightly more prone

to them, and they often go undetected until their 30 s or 40 s (12).
Frontiers in Oncology 03
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They originate predominantly in the middle mediastinum and

account for 10% to 15% of mediastinal tumors (13). Occasionally,

they are identified in the neck, spinal canal, pleural cavity, skin,

esophagus, pericardium, and retroperitoneum (1).

BCs originate from an aberrant budding of the

tracheobronchial anlage of the primitive foregut between the 3rd

and 7th weeks of embryonic development. The pleuroperitoneal

membranes completely seal off the pericardioperitoneal canal at

the end of the 7th week. Therefore, the abnormal lung buds are

pinched off from the tracheobronchial tree by the growing

diaphragm and trapped in the abdominal cavity. Eventually, the

early lung buds develop into RBCs (14).

First reported by Miller et al. in 1953, RBCs are extremely

rare. A thorough search of the PubMed database revealed 88

publications of retroperitoneal bronchogenic cysts reported

worldwide in the English literature between 1991-2022. After

screening the full texts and pathological results,40 publications

reporting on 45 cases with laparoscopic RBC removal were

reviewed within the study. A concise summary of the included

articles was shown in Table 2.

Laparoscopic resection was first reported in 1997 by Tokuda

et al. for 3 cm such cysts (51). This procedure of the cyst has been
FIGURE 1

Computed tomography scan showed a 2.2×5.8 cm thin-walled water-attenuated cystic lesion in retroperitoneal region (red circle).
FIGURE 2

(A) An ovoid, well-defined, and homogeneous cystic lesion. (B) Mucous filled the cystic lesion. (C) Histopathologic section revealed the cyst
lined with tall columnar epithelium and cyst wall containing thin smooth muscle bundles, seromucous glands, and mature hyaline cartilage.
(Haematoxylin and eosin stain, original magnification, ×200).
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Table 2 Literature review of retroperitoneal bronchogenic cyst undergoing laparoscopic surgery.

First Author Year Country Sex Age Size
(cm)

Location Operation
approach

Chief complaint

1 Hu BY (15) 2022 China M 6 4.5×2.8×8 Left adrenal gland Laparoscopic Abdominal pain

2 Hu BY (15) 2022 China M 18 7.1×3.6×7 Left adrenal gland Laparoscopic Asymptomatic

3 Hu BY (15) 2022 China M 27 3.6×3.5×3.4 Right adrenal gland Laparoscopic Asymptomatic

4 Tadokoro T (16) 2022 Japan F 16 3.8 Under the left diaphragm Laparoscopic Upper abdominal pain

5 Cowan S (17) 2021 New
Zealand

M 39 3 Left adrenal gland Laparoscopic Left flank pain

6 Yuan K (18) 2021 China F 53 3.3×2.7×3.5 Left adrenal gland Laparoscopic Back pain

7 Wu LD (2) 2021 China F 17 2.9×1.7×2.8 Left adrenal gland Laparoscopic Epigastric pain

8 Qingyu J (19) 2021 China F 41 3.5×3 Left adrenal gland Laparoscopic Lumbar back discomfort

9 Wen Y (20) 2020 China M 27 2.1×4.1 Left adrenal gland Laparoscopic Asymptomatic

10 Wen Y (20) 2020 China M 33 3.1×5.9 Right adrenal gland Laparoscopic Asymptomatic

11 Sinha V (21) 2020 India M 30 7×5 Left adrenal gland Laparoscopic Upper abdominal pain

12 Bas ̧oğlu M (3) 2018 Turkey F 38 NA Left adrenal gland Laparoscopic Left upper abdominal pain

13 Liu Q (22) 2018 China M 33 4.5 Left hepatic hilum Robotic Asymptomatic

14 Liu Q (22) 2018 China M 78 7 Inferior of the left renal vein, left side
of IVC

Robotic Asymptomatic

15 Wang M (8) 2017 China F 48 8×6×5.5 Left adrenal gland Laparoscopic Epigastric pain

16 Yoon YR (23) 2015 Korea M 57 4.8×2.5 Left adrenal gland Laparoscopic Asymptomatic

17 Bulut G (24) 2015 Turkey F 25 4 Left adrenal gland Laparoscopic Left flank pain

18 Jiang X (25) 2015 China M 52 2.5×2.5×0.5 Left crus of the diaphragm Laparoscopic Asymptomatic

19 Trehan M (26) 2015 India F 34 10×6 Right hypochondrium Laparoscopic Right flank heavy

20 Zhang D (27) 2015 China M 8 4 Left adrenal gland Laparoscopic Asymptomatic

21 Terasaka T (28) 2014 Japan M 27 5.4×3.8 Left adrenal gland Laparoscopic Asymptomatic

22 Cao DH (29) 2014 China M 51 4.5 Left adrenal gland Laparoscopic Headache

23 Dong B (30) 2014 China F 30 1.5×2×2 Left adrenal gland Laparoscopic Asymptomatic

24 Castro R (31) 2013 Portugal F 36 8 Left upper quadrant Laparoscopic Abdominal pain

25 Runge T (32) 2013 Switzerland F 42 5×3.6×4 Left adrenal gland Laparoscopic Epigastric pain

26 Cai Y (33) 2013 China F 50 3 Pancreas posterior wall Laparoscopic Left flank pain

27 Jannasch O (34) 2013 Germany M 50 4 Left adrenal gland Laparoscopic Left flank pain

28 O'Neal PB (35) 2012 USA F 23 5.2×4 Left adrenal gland Laparoscopic Abdominal discomfort

29 Alguraan Z (36) 2012 USA F 23 4 Right adrenal gland Robotic Asymptomatic

30 Dıáz Nieto R
(37)

2010 Spain M 67 6 Gastroesophageal junction Laparoscopic Low back pain

31 Inaba K (38) 2010 Japan F 64 3×4×2 Stomach posterior wall Laparoscopic Asymptomatic

32 El Youssef R
(39)

2010 Portland M 44 3 Left adrenal gland Laparoscopic Asymptomatic

33 Obando J (40) 2009 USA M 67 3.9×3.7 Left upper-quadrant Laparoscopic Asymptomatic

34 Chung JM (41) 2009 Korea F 41 4.8×3.5×4.2 Left adrenal gland Laparoscopic Asymptomatic

35 Roma A (42) 2008 USA M 40 6.2 Left adrenal gland Laparoscopic Asymptomatic

36 Minei S (43) 2007 Japan M 39 3.5×3 Left adrenal gland Laparoscopic Fever

37 Chu PY (44) 2007 China M 55 4×3 Left adrenal gland Laparoscopic Asymptomatic

38 Terry NE (45) 2007 USA F 75 5 Left adrenal gland Laparoscopic Abdominal pain

39 Ishizuka O (46) 2004 Japan M 36 5×3 Left adrenal gland Laparoscopic Asymptomatic

40 Ishikawa T (47) 2003 Japan F 41 9.2 Left adrenal gland Laparoscopic Left flank pain

41 Hedayati N (48) 2003 USA F 59 7×5 Left adrenal gland Laparoscopic Asymptomatic(convert to
open )

42 McCrystal DJ
(49)

2002 Australia F 8 4×3×2 Left adrenal gland Laparoscopic Abdominal pain

(Continued)
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reported most frequently in China (17cases, 37.8%), followed by

Japan (8 cases,17.8%) and the United States (6 cases,13.3%). The

finding concerning regional and race differences was consistent

with Mike et al. (52) However, it remained unclear whether this

represents a real difference in incidence among Asian patients or

merely a reporting bias. There exists no discrepancy between the

gender who underwent laparoscopic surgery (22 female and 23

male), with an average diagnosis age of 38.6 (range 6-78) years.

To date, the largest retroperitoneal bronchial cyst of

laparoscopic excision was 10×6cm, as reported by Trehan

et al. in 2015 in India (26). Retroperitoneal bronchogenic cysts

tend to be found on the left side of the abdomen(37cases,82.2%).

The most common location of retroperitoneal bronchogenic cyst

is near the left adrenal gland (31cases, 68.9%). Only 4 cases

(8.9%) were discovered in the right adrenal gland. The previous

review of cases has confirmed this difference (18). Based on Rud

et al. (53), the left pericardioperitoneal canal closes later and is

larger than the right which can explain why RBCs prefer to be

located on the left side. It’s worth noting that nearly half of

patients (22cases, 48.9%) find a mass incidentally, with no

typical clinical manifestations. Of symptomatic patients, the

majority complained of abdominal pain (7 cases, 30.4%) left

flank pain (6 cases,26.1%) and a small number complained of

thoracic pain and back pain.

Similar literature reviews were successively performed by

Cetinkurs ̧un et al. (54), Mike et al. (52), Govaerts et al. (55), and

Yuan et al. (18) in 1997, 2005, 2012, and 2021, respectively. The

aforementioned studies, however, included a large number of

patients undergoing surgery via the open approach. In addition,

we enrolled the latest reports from the past two years through a

more comprehensive search, and supplemented cases missed by

the previous retrieval. Similar conclusions were obtained

regarding the clinical characteristics of the disease, including

age, symptoms, and predilection sites.

It remains difficult to diagnose RBCs before surgery. CT and

MRI are the most helpful imaging modalities (13, 56). Typical

CT appearances are sharply defined, homogeneous masses with

attenuation coefficients to water density (0 to 20 HU). However,
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the attenuation coefficients can increase when protein, calcium,

or anthracosis pigment are elevated within the cyst, aggravating

difficulties in the differential diagnosis (14). MRI reveals the

inhomogeneity of RBCs with better clarity than CT, providing a

more accurate preoperative diagnosis (56). By now, only

histopathology can yield a definitive diagnosis of BCs.

Indispensable pathological criteria consist of secretory

epithelium along with bronchial glands, smooth muscle, or

hyaline cartilage (57). There is still no exact evidence that

endocrine or tumor biomarkers are associated with RBCs. In

only a few cases were endocrine or tumor biomarker variations

recorded (8, 58, 59).

Early surgical excision of RBCs is recommended to clarify a

diagnosis, relieve symptoms and prevent complications, even if

asymptomatic. Due to reduced operating time, length of stay, and

intraoperative blood loss, laparoscope has been increasingly

ubiquitous in intraperitoneal surgery. Currently, laparoscopic

resection is particularly recommended to clarify the diagnosis

and apply for the treatment of retroperitoneal bronchogenic cysts.

In addition, laparoscopic resection has been widely used to lessen

the economic burden as well as postoperative pain of patients.

More than half of patients with RBCs underwent laparoscopic

resection and the majority were free of complications during the

postoperative course. The present study also found laparoscopy to

be safe and reliable. In particular, the retroperitoneal laparoscopic

excision, which was first documented by McCrystal et al. in 2002,

has gained more and more applications in recent years. Our

literature review supports that the retroperitoneal approach is

feasible, effective, and less invasive when treating such

retroperitoneal cysts. In addition, there are only two articles

reporting three cases of robotic surgery applicated to RBC

patients (22, 36). Robotic surgery has overcome many

limitations of traditional laparoscopic surgery and has improved

in terms of dexterity, tremor reduction, and 3-dimensional

visualization (60). This enables broader adaptability of robotic

surgery in abdominal and retroperitoneal surgical procedures

(61). However, due to the high financial cost, the application of

robotic resection remains limited (22).
Continued

First Author Year Country Sex Age Size
(cm)

Location Operation
approach

Chief complaint

43 McCrystal DJ
(49)

2002 Australia M 15 5.5×3.5×1.2 Left adrenal gland Laparoscopic Left flank pain

44 Yamamoto E
(50)

1998 Japan F 49 3.2×2.2 Right adrenal gland Laparoscopic Asymptomatic

45 Tokuda N (51) 1997 Japan F 24 3 Left adrenal gland Laparoscopic Asymptomatic
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The prognosis of bronchogenic cysts after surgical excision is

excellent. No recurrence, malignancy, or other complications are

reported in all the literature we reviewed.

To our best knowledge, our review provides the largest case

series in the world with such cysts to be resected laparoscopically.

In conclusion, we reported a case with an ectopic bronchogenic

cyst in the left retroperitoneal region. A literature review suggests

that laparoscopic excision is optimal management to establish

both diagnosis and treatment. The long-term outcome of this

disease is excellent, with no report of recurrence.
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Background: Breast malignant adenomyoepithelioma (MAME) after breast
augmentation has never been reported.
Case summary: We reported a case of a 55-year-old woman who was
diagnosed with breast MAME 16 years after breast augmentation. Breast
augmentation was performed on the patient with two 200 ml round textured
prostheses in the subpectoral plane through axillary incisions in 2004.
However, a breast ultrasound in 2020 revealed a suspicious malignant lump
in the right breast, which was finally confirmed as MAME by pathology. Skin-
sparing modified radical mastectomy and immediate breast reconstruction
with expander implantation were performed. Subsequently, the patient
received three cycles of chemotherapy with the regimen of anthracycline
and cyclophosphamide. In the following nearly 2 years of follow-up, no
tumor recurrence and metastasis were found, and the overall treatment was
satisfactory for the patient.
Conclusion: Here, we present a unique case in which a patient was diagnosed
with breast MAME after breast augmentation. Skin-sparing modified radical
mastectomy and immediate breast reconstruction with expander
implantation are feasible approaches that yield at least short-term
oncological safety and acceptable aesthetic results. However, whether there
is a potential relationship between MAME and breast implants remains to be
further explored. Meanwhile, due to the rarity of breast MAME, more
authoritative strategies considering both oncological safety and aesthetics to
seek better long-term therapeutic effects are needed.

KEYWORDS

breast augmentation, malignant adenomyoepithelioma, MAME, prosthetic implantation,

oncological safety, breast reconstruction

Background

Breast augmentation is the most commonly performed aesthetic surgical procedure.

Silicone breast implants are used in nearly 300,000 breast augmentation and 100,000

breast reconstruction operations annually in the United States (1). Although several

epidemiologic pieces of evidence show no link between implants and the risk of
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developing breast cancer (2), the research on breast cancer after

augmentation mammoplasty is still attracting much attention.

Early research suggested that cosmetic breast implants

adversely affect breast cancer-specific survival following the

diagnosis of such disease (3). Some authors have reported that

breast cancers in augmented women present at a later stage are

more aggressive tumors than those arising in nonaugmented

women (4). It has also been reported that women with

submuscular implants have a higher incidence of breast cancer

than those with subglandular implants (5). In addition, there

have been reports that women with textured breast implants

are more likely to be diagnosed with anaplastic large cell

lymphoma (ALCL) (6). All these studies remind a potential

relationship between breast implants and breast tumors.

Adenomyoepithelioma (AME) is a rare tumor that can be

seen in salivary glands, skin appendages, lungs, and breasts.

Among them, AME of the breast was first reported by Hamperl

in 1970 (7), which was considered to be a benign tumor formed

by the biphasic proliferation of epithelial and myoepithelial cells.

In the classification of breast tumors published by the World

Health Organization in 2019, this kind of disease is clearly

defined as breast epithelial–myoepithelial lesions. Two types of

lesions composed of epithelial and myoepithelial cells in

mammary ducts and/or tubules are seen under a microscope.

Breast malignant adenomyoepithelioma (MAME) is a rare

double-cell group lesion of mammary epithelial cells and

myoepithelial cells, which means that one or both of them have

malignant characteristics. So far, breast MAME after breast

augmentation with implants has never been reported.
Case description

History of illness and physical
examination

A 55-year-old female patient presented with a right breast lump

by palpation without pain and nipple discharge. A medical history

confirmed that the patient was implanted with two 200 ml round

textured prostheses in the subpectoral plane through axillary

incisions in 2004. There were no obvious adverse reactions such

as infection and seroma after the breast augmentation surgery. No

breast lump was detected before breast augmentation, and the

family history of breast cancer was denied.
Physical examination

Physical examination showed that bilateral breasts were

symmetrical, with no nipple deviation and depression, no nipple

bleeding or discharge, and no orange peel sign or dimple sign. In

addition, the prosthesis could be reached in both breasts. A lump

of about 3 cm could be reached under the right nipple with hard
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texture, unclear boundary, low mobility, and no obvious

adhesion to the skin. There was no obvious mass in the left

breast or enlarged lymph nodes in the bilateral axilla.
Imaging examination

The breast ultrasound on August 21, 2020 (Figures 1A,B),

showed a lobulated and spiculated hypoechoic solid neoplasm of

28.8*24.5*13.9 mm in the inner lower quadrant of the right

breast adjacent to the nipple. The neoplasm was measured about

4.8 mm away from the body surface. According to the Breast

Imaging Reporting and Data System (BI-RADS), the tumor was

classified as grade 5, which meant a malignant possibility. In

addition, no obvious abnormality was found in bilateral axillary

lymph and the bilateral prosthesis capsule was intact.

The MRI on August 24, 2020 (Figures 1C–E), confirmed

the existence of phyllodes lump and thickening and increase

of blood vessels, suspected as a malignant tumor with a grade

of 4C of BI-RADS. At the same time, several early enhanced

small nodules, which were suspected as the satellite lesions of

the tumor, were found in the superior external area of the

lump. Moreover, chronic inflammation-like changes were

reported in the surrounding tissues of the prosthesis under

the pectoralis major.
Treatment and final diagnosis

On September 2, 2020, considering the patients’ aesthetic

requirements, we attempted to remove the lump completely

with a negative incisal margin. Unfortunately, the

intraoperative pathological examination indicated the breast

MAME and posterior margin of the nipple showed cancer

involvement. Therefore, we had to excise the nipple–areola

complex and perform the skin-sparing modified radical

mastectomy. Although there was no established uniform

recommendation for the time interval of replacing implants,

most plastic surgeons recommend routine replacement no

more than 15 years after initial placement (8). At the same

time, considering the possibility of subsequent radiotherapy

and chemotherapy for breast cancer, the prosthesis was

removed, and immediate breast reconstruction with

expander implantation was performed. As intraoperative

pathological examination demonstrated that no cancer

metastasis was found in four sentinel lymph nodes,

therefore, the patient did not undergo axillary lymph node

dissection. The pathological results are shown in Figures 2,

3. Immunohistochemistry shows the following tumor cells:

ER (−), PR (+, about 5%, weak to moderate intensity),

HER2 (1+), GATA-3 (+), AR (+, 40%, moderate intensity),

E-cadherin (+), EMA (+), GCDFP-15 (−), CD-117 (focal +),

Syn (−), SOX10, CK5/6, p63, S-100 and SMM-HC
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FIGURE 2

Hematoxylin–eosin staining indicated malignant adenomyoepithelioma of the breast lump. (A) Magnification of the main body of the lump (original
magnification ×40); (B) magnification of the main body of the lump (original magnification ×100); (C) magnification of the different areas of the lump
body (original magnification ×100).

FIGURE 1

Medical imaging presentation of the breast mass. (A) Ultrasound image of a mixed-density multilobulated mass subcutaneous to the breast of an
irregular shape and uneven margin; (B) ultrasound image of the pocket of breast prosthesis; (C) MRI image of the breast showing a lobulated
mass in the right inner quadrant was adjacent to the margin of the prosthesis, and the vessels were increased and thickened; (D) contrast-
enhanced MRI imaging showing that several early enhanced small nodules were seen in the upper posterior area of the tumor and the diffusion
was limited, which seems like the satellite lesion of the tumor; (E) enlargement of the image in (D). The capsule of the prosthesis was wrinkled,
and the edge of the prosthesis presented the change of chronic inflammation.

Hu et al. 10.3389/fsurg.2022.981045
(myoepithelial +), and Ki67 (Li: about 30%). Because

of a bidirectional differentiation of glandular and

myoepithelium, it was diagnosed as AME; at the same time,

due to obvious cell atypia, pathological mitosis, infiltration

at the tumor edge, etc., it was diagnosed as MAME.
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Outcomes and follow-up

The patient recovered well after the operation with no

complications and was discharged on September 10, 2020. Since

November 11, 2020, she has received three cycles of
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https://doi.org/10.3389/fsurg.2022.981045
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 3

Hematoxylin–eosin staining revealed that no metastasis was observed in the sentinel lymph nodes of the right breast. (A) Magnification of the main
body of the lymph nodes (original magnification ×40); (B) magnification of the main body of the lymph nodes (original magnification ×100).

Hu et al. 10.3389/fsurg.2022.981045
chemotherapy in another hospital with the AC*4 regimen

(anthracycline combined with cyclophosphamide) and then gave

up on her own. There was no recurrence or metastasis in nearly

2 years of follow-up after the operation. This study was reported

in agreement with the principles of the CARE guidelines (9).
Discussion

The potential carcinogenicity of breast implants has always

been a common concern for both doctors and patients.

Although extensive data negate any link between the implants

and an increased incidence of breast cancer (1, 10), a more

rigorous recognition is that the evidence remains inconclusive

about any association between silicone gel implants and long-

term health outcomes (10). Moreover, the largest study of

breast implants based on the long-term results of 9,9993

patients explicitly claimed that silicone implants are associated

with an increased risk of certain rare harm (11). Meanwhile,

Pan et al. suggested that the incidence of breast cancer for

women with submuscular implants was higher than that for

those with subglandular implants (5). All these views seem to

support the presentation of this study to some extent. In

addition, some scholars believe that cosmetic breast implants

adversely affect breast cancer-specific survival following the

diagnosis of such disease (3). However, some studies found

that patients with implants were more likely to develop a

cancer diagnosis compared with the general population.

However, the data do not support breast implants being

responsible for these findings. At the same time, some

research studies indicated that women with breast implants

have different patient demographics and lifestyles from the

general population, which may also explain the finding. As for
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ALCL, reports from the scientific community have suggested a

possible link between the disease and breast implants (6).

Therefore, this study concludes that more authoritative, large-

scale studies are needed to carefully elucidate the relationship

between breast implants and long-term health outcomes. Also,

whether there is a potential relationship between MAME and

breast implants remains to be further explored.

Breast AME is a very rare breast tumor. Most of the relevant

literature works are in the form of case reports. According to the

statistics of AME cases reported in the literature since 2010, the

age of onset of breast AME ranged from 27 to 83 years, with an

average of about 60 years. Most of the cases were found in

females, although male breast AME cases were also reported.

The vast majority of breast AME cases are benign, and the

most common site is the external superior quadrant of the

breast; the longest course of the disease is 14 years, and the

shortest is 4 days. The metastatic sites of AME include lymph

nodes, lungs, brain, bone, thyroid, liver, kidneys, thoracic wall,

soft tissue, and axillary lymph nodes (12). In the cases with

metastasis, the number of distant metastases was significantly

more than that of axillary lymph node metastases, so we

believe that hematogenous metastasis is more common than

lymph node metastasis in breast AME.

Breast AME is difficult to diagnose because of its low incidence

rate. According to the clinical data, the most common clinical

manifestation was a painless breast lump. Physical examination

showed that the lump was medium or hard; most had no nipple

discharge, but there were also records of bloody discharge. The

most common ultrasound result was round or oval hypoechoic

or mixed echo solid lobulated nodules with clear boundaries.

Most of the breast molybdenum showed lobulated, irregular,

fuzzy boundary, isodense, or slightly high-density lumps, and

some of them had small central flake calcification. The clinical
frontiersin.org
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manifestations and ultrasound, mammography, and MRI findings

of this disease are difficult to distinguish from other breast tumors,

among which the most easily misdiagnosed is breast

fibroadenoma. Therefore, the main method of diagnosis is

surgical resection and pathological examination: pathological

diagnosis includes morphological, biological, and

immunohistochemical examination. Breast AME is easy to be

misdiagnosed clinically, and it should be carefully differentiated

from breast fibroadenoma, benign myoepithelioma, pleomorphic

adenoma, adenoid cystic carcinoma, myoepithelial carcinoma, etc.

Meanwhile, it is difficult to distinguish between benign

and malignant breast AMEs. The malignant features

reported in the literature that may lead to recurrence and

metastasis included cellular pleomorphism, increased

mitotic activity, nuclear pleomorphism, prominent nucleoli,

hyperchromasia, and necrosis. The above indexes should be

considered comprehensively; otherwise, it is easy to be

misdiagnosed. For MAME, the biological behavior seems to

be related to the degree of malignant component and tumor

size (13). The two components of AME (mammary

epithelium and myoepithelium) can be malignant

transformation and distant metastasis. Most of the time, it

is the malignant transformation of only one of the

components, but cases of two components malignant

transformation at the same time have also been reported

(14). Immunohistochemistry showed that the tumor was

bipolar; in most cases, SMA, actin, p63, CK5/6, and S-100

were positive in myoepithelial cells, while ER/PR was

negative. Some think that the combination of p63 and actin/

troponin immunostaining is the most suitable method for

visualizing myoepithelial cells (15). Most cases are often

triple negative (ER/PR/HER-2 negative) (16), so endocrine

therapy and anti-Her-2 therapy are often ineffective, which

also leads to the difficulty of treatment. Tavassoli (17)

divided breast AMEs into three types: (1) spindle cell type,

in which the lesions were mainly composed of proliferative

spindle myoepithelial cells mixed with a small number of

epithelial cells; (2) tubular type, in which the lesions are

composed of myoepithelial cells and glandular epithelial

cells around the duct, similar to sclerosing papilloma,

tubular adenoma, and glandular tubular adenoma; and (3)

tubular type, in which the proliferative myoepithelial cells

are arranged in a solid, nest-like arrangement, and some of

them are like plasma cells, the cytoplasm is dense,

transparent, eosinophilic, and the nucleus moves around.

Additionally, recently, breast AMEs were characterized as

PIK3CA, AKT1, and HRAS mutations (18).

At present, the treatment for breast AME has not been

unified, but there are literature (19) records that breast

AME has the risk of recurrence and metastasis. Therefore,

for benign breast AME, we recommended local lump

resection and keeping a safe incisal margin, while for

malignant breast AME, we recommended modified radical
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mastectomy to ensure a negative margin; sentinel lymph

node biopsy was used to decide whether axillary lymph

node dissection is necessary. There is no clear data to

support the effectiveness of chemotherapy, radiation

therapy, and endocrine therapy. Whether patients with

MAME should receive chemotherapy and radiotherapy is

still controversial. We believe that it should be considered

comprehensively from the tumor’s biological behavior and

morphological behavior, invasion degree of surrounding

tissues, lymph node metastasis, and patients’ will. Two cases

of chemotherapy and one case of radiotherapy were

recorded: one received TC (paclitaxel liposome and

cyclophosphamide) regimens with four cycles; one received

one cycle of TE regimen (docetaxel and epirubicin) before

operation and another cycle of TE regimen after operation;

one received radiotherapy [gray (Gy) 50 total dose plus a

boost of Gy 10 to the tumor bed] (20). For metastatic

breast AME, there is no definite reported treatment method,

and its prognosis is very poor (21). No literature proves

that radiotherapy and chemotherapy have therapeutic

effects on metastatic breast AME, but some scholars (22)

believe that eribulin may be beneficial to patients with

metastatic breast AME.

Since there is no literature on MAME after augmentation

mammoplasty, this first reported study may provide experience

for managing such patients. Some limitations were present in

this study. First, more details of augmentation mammoplasty

were unknown; Second, the follow-up time was too short to

assess the long-term outcomes. Third, we are unable to present

preoperative and postoperative surgical photos of the patient

due to the patient’s concern about privacy protection.
Conclusion

Here, we present a unique case of a patient diagnosed with

breast MAME after breast augmentation. Skin-sparing

modified radical mastectomy and immediate breast

reconstruction with expander implantation is a feasible

approach that yields at least short-term oncological safety

and acceptable aesthetic results. However, whether there is a

potential relationship between MAME and breast implants

remains to be further explored. Meanwhile, due to the rarity

of breast MAME, more authoritative strategies considering

both oncological safety and aesthetics to seek better long-

term therapeutic effects are needed.
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Case report: Reproductive
organ preservation and
subsequent pregnancy for an
infertility patient with lynch
syndrome-associated
synchronous endometrial
cancer and colon cancer after
treatment with a PD-1
checkpoint inhibitor
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Cong Li1,2, Miao-qing Wu1,2, Yi-fan Liu1,2, Dan-dan Li1,4*

and Gong Chen1,2*

1Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China,
Collaborative Innovation Center for Cancer Medicine, Guangzhou, China, 2Department of
Colorectal Surgery, Sun Yat-sen University Cancer Center, Guangzhou, China, 3Department of
Obstetrics, The Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou, China, 4Biotherapy
Center, Sun Yat-sen University Cancer Center, Guangzhou, China
Currently, immune checkpoint inhibitors (ICIs) are the mainstay of treatment

for Lynch syndrome patients. However, the tumor regression features in

radiology and pathology are inconsistent for patients who are treated with

ICIs, which sometimes confuses surgical decision-making. Here, we report a

case in which a 36-year-old patient suffering from infertility was diagnosed

with Lynch syndrome-associated synchronous endometrial cancer and colon

cancer, and persistently enlarged left iliac paravascular lymph nodes were

detected after receiving sintilimab treatment, a programmed cell death 1 (PD-1)

receptor inhibitor. Fortunately, when she was about to undergo hysterectomy

and bilateral salpingo-oophorectomy, intraoperative pathology examination

did not reveal any cancer cells in these lymph nodes, and therefore, her

reproductive organs were preserved. Later, the patient successfully

conceived and gave birth to a healthy male neonate with no immune-related

adverse events (irAEs) during an 11-month follow-up. This case indicates that

surgeons should carefully inspect the imaging characteristics after

immunotherapy and that organ preservation is possible even for patients
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who fail to achieve complete clinical regression, which is especially important

for female patients of childbearing age.
KEYWORDS

PD-1 inhibitor, organ preservation, lynch syndrome, pregnancy, case report
Introduction

Lynch syndrome (LS), characterized by germline mutations of

the DNA mismatch repair (MMR) system, is the most common

inherited cancer syndrome (1). The global incidence of LS is

approximately 1/279, and almost all LS-associated cancers

present deficient MMR (dMMR) and high-level microsatellite

instability (MSI-H). Colorectal cancer (CRC) and endometrial

cancer (EC) are the two most common LS-associated cancers (2).

There are approximately 6000 new LS-EC cases each year,

accounting for 9% of all new EC cases worldwide (3, 4).

Previously, the treatments for LS-EC and LS-CRC were the same

as those of general EC and CRC. Surgery is the first choice if the

tumor is resectable. For unresectable CRC or EC patients, receiving

translational therapies is necessary, including chemotherapy,

radiotherapy, targeted therapy and immunotherapy, which

provides opportunities for radical resection. Understandably,

surgery for LS-EC patients permanently destroys fertility. This

situation hit a turning point when Le et al. demonstrated that

dMMR patients were particularly sensitive to pembrolizumab, a

representative ICI drug, in 2015 (5). Thus, the 2018 National

Comprehensive Cancer Network (NCCN) guidelines

recommended that pembrolizumab should be used in patients

with MSI-H or dMMR diseases, greatly benefiting LS patients

during immunotherapy.

However, the different tumor regression features in

radiology and pathology of patients treated with ICIs have

influenced clinical decision-making for surgeons. For female

patients, reproductive organ preservation is an inevitable issue. If

clinical complete regression (cCR) is not achieved according to

preoperative images, patients are obliged to undergo radical

resection, which leads to permanent infertility. However, if

pathological complete regression (pCR) is achieved, radical

surgery should be avoided.

Additionally, PD-1 inhibitors (IgG4 antibodies) may

influence fetal development during pregnancy by crossing the

human placenta. Using anti-PD-1 antibodies in mice weakens

the immune tolerance mediated by regulatory T cells (Tregs) and

significantly increases miscarriage rates (6). This finding

revealed a key role of the PD-1/PD-L1 pathway in maintaining

maternal-fetal immune tolerance. Thus, PD-1 antibody is

classified as an FDA pregnancy Category D drug (7).
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In general, this case suggests that surgeons should focus on

reproductive organ preservation in female patients receiving ICI

treatment rather than only considering preoperative images. In

addition, our case provides additional experience in using PD-1

antibody in patients who plan to conceive. This study was

reported in agreement with the principles of the CARE

Guidelines (8) and includes a reporting checklist as

Supplementary Material (Table S1) (9).
Case description

The patient was a 36-year-old woman who suffered from LS-

EC and LS-CRC. She conceived naturally and successfully bore a

male neonate after treatment with sintilimab, a PD-1 inhibitor. The

timeline is shown in Figure 1. At the age of 32, she went to Fudan

University Obstetrics and Gynecology Hospital because she had

failed to conceive naturally for more than one year. She underwent

hysteroscopy and was found to have atypical hyperplasia of the

endometrium, so she was prescribed an initial regimen ofmegestrol

160 mg QD in combination with metformin 0.5 g TID. Seven

months later, she underwent a second hysteroscopy,which detected

that the endometrium had locally progressed to grade 1

endometrioid adenocarcinoma. Due to her strong desire to

conceive, the patient refused the medical advice of hysterectomy.

She was referred to Peking Union Medical College Hospital, and

her medication regimen was changed to enantone 3.75mg 1/28D +

letrozole 2.5 mg QD. One year later, her endometrium had

reversed, and she was advised to undergo in vitro fertilization

(IVF). However, she did not adopt this suggestion for personal

reasons, and over the following year, she still failed to conceive

naturally without any contraception. In December 2019, she

requested IVF at Xiangya Hospital of Central South University.

Preoperative hysteroscopy did not show any endometrial

abnormality, but she underwent additional pelvic magnetic

resonance imaging (MRI) owing to her history of endometrial

cancer, which showed that the left pelvic lymph nodes (LNs) were

enlarged and considered metastases. In addition, her positron

emission tomography-computed tomography (PET-CT) scan

showed a hypermetabolic lesion in the transverse colon, which

was later confirmed as a transverse colon (TC) adenocarcinoma by

colonoscopy biopsy.
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The patient came to our hospital in March 2020. We

reexamined the colonoscopy results and identified the TC mass

as a moderately to poorly differentiated adenocarcinoma. Of note,

her immunohistochemistry (IHC) examination indicated the loss

of MSH2 protein in both her EC and CRC lesions. Moreover, her

father, aunt, and cousin all died of malignant tumors. Therefore,

LS was highly suspected, and we conducted genetic testing, which

revealed that both the EC and TC lesions were MSI-H and had

somatic mutations of MSH2. More importantly, the patient also

carried germline MSH2 mutations. The tumor mutation burden

(TMB) of the EC lesion was 29.9 muts/Mb, and the TMB of the

TC lesion was 77 muts/Mb. Based on her medical history and test

results, the patient was diagnosed with LS.

Thoracoabdominal and pelvic CT were performed on March

16, 2020 (Figure 2A). CT images showed that the long diameter of

the TC lesion was 32 mm, and there were enlarged LNs adjacent

to the primary colon and left iliac vessels. The short diameters of

the largest pelvic and pericolic LNs, which were considered

metastatic LNs, were 12 mm and 18 mm, respectively.

According to the results , we init iated neoadjuvant

immunotherapy with sintilimab at a fixed dose of 200 mg every

3 weeks. From March to July 2020, the patient received 6 courses

of immunotherapy. No significant immune-related adverse

events (irAEs) were observed during the treatment. After the

third course on May 5, 2020, the patient underwent enteroscopy

and abdominal CT (Figure 2B). Both assessments suggested that

the size of the primary and pericolic LNs had increased to 41 mm

and 21 mm, respectively, compared with baseline, while the

largest left pelvic LN had decreased to 8 mm. Because of our

therapeutic goal of controlling the pelvic metastatic LNs, we

decided to continue her neoadjuvant therapy. At the end of the

sixth course on July 14, 2020, another abdominal CT was

performed (Figure 2C) and showed that the TC lesion and
Frontiers in Immunology 03
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pelvic LNs were stable, while the pericolic LNs had increased

to 26 mm. In addition, her CEA serum level increased from

7.02 ng/ml to 19.17 ng/ml. At this time, we organized a

multidisciplinary team (MDT) to discuss the case. According

to the images, the enlarged left pelvic LNs most likely

originated from EC metastasis. Although the TC lesion was

confirmed as iCPD by the irRECIST method, it could reach R0

resection. Therefore, we decided to perform surgery. The

surgical plan included radical TC resection, hysterectomy,

bilateral salpingo-oophorectomy resection, pelvic LN

dissection and retroperitoneal LN dissection.

On July 31, 2020, the patient underwent laparoscopic right

hemicolectomy with radical lymphadenectomy. We did not

observe any other lesions in the abdominal-pelvic cavity during

intraoperative exploration. The tumor resided in the TC near the

hepatic flexure and was approximately 6*5 cm in size. It possessed

a tough texture and had invaded the serosa. The boundary

between the tumor and the mesenteric LNs was unclear. There

were several enlarged lymph nodes that extended from the left

iliac vasculature to the left obturator area. Therefore, we

performed an intraoperative gynecological consultation, and the

gynecologist proposed total hysterectomy, bilateral salpingo-

oophorectomy, and left pelvic lymphadenectomy. However,

considering the patient’s desire to conceive and the possible

effects of immunotherapy, we decided to send the left pelvic

LNs for pathological examination before resection, and none of

the 7 submitted pelvic LNs contained cancer cells. Subsequently,

we communicated with her family about the possibility of

pathological complete regression (pCR) and the risk of EC

recurrence without hysterectomy. Ultimately, her family chose

to preserve her uterus and bilateral adnexa and signed an

informed consent document for the fertility preservation

strategy. Postoperative pathological examination confirmed that
FIGURE 1

Timeline overview.
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the TC lesion was a poorly differentiated adenocarcinoma that had

invaded through the muscularis propria into the pericolic tissues

(pT3). Nerve tract invasion and intravascular cancer embolus

were not observed. The resection margin was negative, and the

tumor regression grade (TRG) was 2. No cancer tissue was

observed in a total of 35 dissected LNs, including 28 pericolic

LNs and 7 left pelvic LNs. The tumor deposits were also

not detected.

After the surgery, the patient received adjuvant

immunotherapy with a PD-1 inhibitor for 1 year. Although we

told her to use contraception, she did not follow this advice

because she had lost faith in natural conception. However, in

December 2020, the patient unexpectedly found herself at 38

days’ gestation. Even though we informed the patient and her

family of the possible adverse influences on the fetus, they still

planned to continue with the pregnancy and complied with the

obstetrician’s advice. There were no tumor-related conditions or

gestational abnormalities, and in the 36th week of gestation, the

patient successfully gave birth to a male neonate by cesarean

section. The Apgar score of the male neonate was 9, and his

serum levels of G6PD, TSH, 17-OHP and PHE were normal.

There were no irAEs in either the mother or the neonate during

an 11-month follow-up, and the patient is still being

followed closely.
Frontiers in Immunology 04
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Discussion

We report the first case in which a female LS patient

suffering from both EC and CRC successfully conceived and

delivered after receiving treatment with sintilimab, a PD-1

antibody. Our report mainly highlights the complexity of

reproductive organ preservation for LS-EC patients. After PD-

1 antibody treatment, uterine preservation is still feasible even in

EC patients with pelvic LN metastases, which diverges from the

previous therapeutic principle that hysterectomy is usually

unavoidable for these patients.

In recent years, infertility treatment strategies have become

established and various in number. Nontumorous female

patients can undergo ovarian stimulation, oocyte vitrification,

and IVF to treat infertility. However, these practices are still

limited for patients suffering from EC, which is the most

frequent gynecological malignancy and severely influences

young patients without a childbearing history (10, 11). The

early detection of EC is extremely important for the

reproductive organ preservation of patients. Diagnostic tools

for early-stage EC detection are emerging, such as relative

telomere length in cell-free DNA, glandular cells detected at

preoperative cervical smear, and transvaginal ultrasound (12–

14). The treatment of early-stage EC is conservative and follows
A

B

C

FIGURE 2

CT scans obtained from the patient. From left to right, each group of images shows the transverse colon lesion, para-transverse colon lymph
nodes and the lymph nodes next to the left iliac vessels. (A) CT scans in March 2020. (B) CT scans in May 2020. (C) CT scans in July 2020.
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the conventional regimen of medroxyprogesterone acetate

(MPA) and megestrol acetate (MA) (15). Previously, type I EC

at the early stage was identified as the only histological type that

can be addressed with a fertility-sparing approach. Nevertheless,

with a deeper understanding of molecular oncology, the

importance of molecular classification for EC treatment was

gradually realized, and MSI was determined to be a fair

prognostic factor for fertility-sparing treatment (16, 17).

Notably, LS-EC patients featuring MSI could benefit from

PD-1 antibodies, and clinicians should take into account the

possibility of CR, which means that non-early-stage young

patients still have a chance to preserve their reproductive

organs. It is worth noting that the pathological remission rate

often exceeds the radiological remission rate in patients

receiving PD-1 antibody treatment. For example, 13 patients

with dMMR CRC achieved pCR after pembrolizumab treatment,

but among them, only 1 patient achieved cCR (18). Furthermore,

some patients may develop lesion enlargement during treatment,

probably caused by T-cell infiltration into the tumor stroma.

These studies suggest that imaging is insufficient as an absolutely

accurate standard for evaluating PD-1 efficacy. Intraoperative

pathological biopsy may provide additional information for

better treatment decisions.

How PD-1 antibodies influence pregnancy has always been a

topic of interest. Recently, several cases have reported successful

pregnancy outcomes in patients treated with PD-1 antibodies in

different cancer types, including metastatic melanoma, relapsed

Hodgkin’s lymphoma and placental site trophoblastic tumors (6,

7, 19–27). Nevertheless, irAEs, such as intrauterine growth

restriction, HELLP syndrome, placental insufficiency and low

fetal heart rate, have occurred in some of these patients (28).

Thus, whether conception is safe for patients after treatment

with PD-1 antibody is still controversial. Current studies believe

that blocking the PD-1/PD-L1 pathway will interfere with

normal pregnancy because of its key role in maintaining

maternal immune tolerance to the fetus, which is regarded as

an allogeneic component. Fetal antigens can be processed and

presented in the maternal body, leading to the activation and

expansion of anti-fetus T cells (29). At the early stage of

pregnancy, increased PD-L1 expression in trophoblast cells,

decidual macrophages and decidual stromal cells on the

maternal-fetal interface can inhibit the activity of T helper

cells and the production of proinflammatory cytokines and

facilitate the function of Treg cells, which mediate maternal-

fetal immune tolerance. In mice, blockade of the PD-1/PD-L1

pathway inhibited Treg cell function and reduced the embryonic

survival rate. In crab-eating monkeys, using high doses of

nivolumab antibodies (10 mg/kg or more) resulted in

significantly higher risks of fetal growth restriction and

premature delivery.

However, the effect of PD-1 antibody on pregnancy is

determined by multiple factors and needs comprehensive

consideration. First, the administration doses and frequencies
Frontiers in Immunology 05
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of PD-1 antibodies in clinical settings are much lower and less

than those in experimental settings. Even when exposed to high

doses of PD-1 antibody, animals did not present increasing risks

of fetal malformations, immunodeficiencies or neurological

complications (30). Second, the effect of PD-1 antibody on the

fetus is subject to the interval between the last dose of the

antibody and the start of pregnancy. PD-1 antibody, as an IgG

antibody, requires active transport to enter the placenta where the

neonatal Fc receptor (FcRn) resides. FcRn on syncytiotrophoblast

cells can bind to IgG antibodies and allow them to pass through the

placental barrier. However, FcRn is rarely detected during the first

14 weeks of pregnancy, which restricts the transfer of IgG antibody

(31). Thus, the timing of the last administration and the

pharmacokinetics of the PD-1 antibody are also involved in its

effect on pregnancy. Finally, the patient’s fertility intention and

physical condition need to be taken into full consideration.

Currently, the National Comprehensive Cancer Network

guidelines recommend that all patients of reproductive age

should use effective contraception during immunotherapy and

maintain its use for at least 5 months after the last course of

immunotherapy, which lacks adequate evidence and needs

further exploration.

In conclusion, our report indicates that for young female

patients with LS-EC, surgeons should be aware of the possibility

of reproductive organ preservation. Intraoperative pathological

biopsy is more conducive to guiding surgical decision-making

for these patients. In addition, we recommend that patients

should use contraception for a sufficient period after receiving

PD-1 antibody treatments to reduce the incidence of irAEs.
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Case report: Misdiagnosis of
accessory spleen in the left
adrenal region as an adrenal
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Background: Adrenal tumours are common in urology and endocrinology, and
the diagnosis of adrenal tumours were mainly depends on imaging diagnosis.
Howerver, misdiagnosis can still occur for some adrenal space-occupying
lesions without specific manifestations or abnormal biochemical indexes.
Methods: We report the case of a 55-year-old patient with a soft-tissue mass
in the left adrenal region, and have no specific manifestations or abnormalities
in biochemical indexes. The patient had undergone open splenectomy 20
years ago for splenic rupture caused by traffic-accident trauma, and had a
10-year special history of hypertension. Because of the uncertain nature of
the mass, surgical treatment was recommended.
Results: The surgeon managed to remove the left adrenal region mass. During
the surgery, the adrenal source was excluded. In the histological examination,
the splenic corpuscle and splenic medullary structure were seen under the
microscope, and an accessory spleen was diagnosed.
Conclusions: The accessory spleen was located in the adrenal region rarely,
and can easily be misdiagnosed as an adrenal tumour. When the cases show
abnormal adrenal space-occupying lesions in imaging examinations, non-
adrenal diseases should be considered. we need to combine different
imaging techniques for analysis, and think more about it, avoid misdiagnosis
leading to unnecessary surgery.

KEYWORDS

accessory spleen, adrenal tumour, splenectomy, misdiagnosis, image diagnosis, case

report

Introduction

Adrenal tumours are common in urology and endocrinology (1–3). With the

continuing development of different imaging techniques, such as ultrasound,

computed tomography (CT) scan, magnetic resonance imaging (MRI), and detection

techniques for adrenal hormone, the accuracy in localisation and qualitative diagnosis

of adrenal tumours has gradually increased. However, misdiagnosis can still occur for

some adrenal space-occupying lesions without specific manifestations or abnormal

biochemical indexes. Clinical staff need a comprehensive analysis method to reduce
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unnecessary surgery. We report a case of patient who was

misdiagnosed of accessory spleen in the left adrenal region as

an adrenal tumour after splenectomy.
Case presentation

The reporting of this study conforms to CARE guidelines

(4, 5). In Dec. 6, 2021, a 55-year-old patient was admitted to

the department of emergency due to fallen down while

working, resulting in thoracic and abdominal pain and

discomfort. Subsequently, he visited the emergency

department of emergency for an abdominal CT scan, which

showed a left-adrenal space-occupying lesion. Consequently,

enhanced scanning and hospitalisation were recommended.

The patient had undergone open splenectomy 20 years ago

for splenic rupture caused by traffic-accident trauma. The

patient had a 10-year special history of hypertension, and his

blood pressure was well controlled by regular oral

antihypertensive drugs.
FIGURE 1

Ct scan of a mass (arrow) in the left adrenal region. The CT value of plain sca
scanning presented moderate enhancement (B), the delayed phase of the m
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After admission, his maximum monitored blood pressure

was 138/87 mmHg (1 mmHg = 0.133 kPa), and his monitored

heart rate ranged from 86 to 103 bpm. The patient denied a

history of diabetes, centripetal obesity or specific

manifestations of cortisol signs, such as full-moon face and

buffalo hump. All biochemical tests, including blood potassium:

3.57 mmol/L; cortisol (0AM): 1.67 µg/dl; cortisol (8AM): 7.79 µg/

dl; cortisol (16PM): 4.46 µg/dl; adrenocorticotropic hormone

(0AM): 2.47 pmol/L; adrenocorticotropic hormone (8AM):

3.76 pmol/L; adrenocorticotropic hormone (16PM): 2.97 pmol/L;

renin (standing position): 41.68 pg/ml; aldosterone (standing

position): 141 pg/ml; renin (recumbent position): 16.07 pg/ml;

aldosterone (recumbent position): 129 pg/ml, and 24-h urinary

3-methoxy-4-hydroxymandelic acid, 24-h urinary catecholamines

were normol. Ultrasound (US) was performed which identified a

42 × 30 × 35 mm adrenal mass in the left-adrenal region. In

order to confirm the diagnosis, computed tomography (CT)

scan was conducted, the CT scan confirmed the US findings,

showing a 42 × 28 × 36 mm soft-tissue mass shadow in the left

adrenal region, and the internal density was heterogeneity

(Figures 1A,D,E). The CT value of plain scanning was 36 to 68
nning which the internal density was heterogeneity (A), and enhanced
ass (C). Coronal image of the mass (D). Sagittal image of the mass (E).
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HU, and enhanced scanning presented moderate enhancement

(Figure 1B). The CT value in the arterial phase was 62 to

104 HU, and that in the delayed phase was 46–89 HU

(Figure 1C). The lesion was considered to be a benign

neoplastic lesion in the left adrenal region, possibly a left-adrenal

adenoma or pheochromocytoma. According to the 2019 CUA

Guidelines for Urinary Surgery (6), suspected non-functioning

adrenal adenoma, which is defined as an adrenal tumour ≥3 cm,

surgical treatment was recommended. The patient was placed in

the right lateral decubitus position and an retroperitoneal

laparoscopic approach was performed. Intraoperatively, a round

dark-grey mass was observed on the upper ventral region of the

retroperitoneal left kidney, with a size of about 40 mm and a

surface completely covered with smooth membranous

peritoneum-like tissue. The boundaries between the dorsal side

of the mass and upper pole of the left kidney, left adrenal gland

and surrounding adipose tissue were clear, loose and non-

adhered (Figure 2A). The ventral side adhered closely to the

peritoneum and provided blood supply. The mass was

completely resected after partial removal of the adhered

peritoneum and blocking of blood vessels (Figure 2B). The vital

signs of the patient showed no significant fluctuations during
FIGURE 2

Retroperitoneal laparoscopic resection of the mass (arrow). The mass is locate
side of the mass were clear, loose and non-adhered (A), the ventral side adher
red, and the surface envelope of the mass was intact (C), and had a similar s
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tumour separation, compression and resection. The

anatomopathological exam revealed a 40 × 30 mm in size, which

the surface envelope was intact, and the mass was dark red and

had a similar splenic structure with multiple sinusoid tissues

(Figures 2C,D). In the histological examination, the splenic

corpuscle and splenic medullary structure were seen under the

microscope, and an accessory spleen was diagnosed (Figures 3A,

B). No perioperative complications were registered and remained

in the hospital for three days after surgery. The patient was

satisfied with the treatment. Postoperatively, the patient was

followed up for 3 months, and no lumbago or infection was

observed.
Discussion

Adrenal tumours are common in urology and

endocrinology (1–3). The common clinical manifestations are

secondary to excessive secretion of adrenal-gland-related

hormones, such as hypertension, hyperglycaemia, myasthenia,

puffiness, full-moon face, buffalo hump and irregular

menstruation, but some patients may have no specific clinical
d in the left suprarenal region, and the boundaries between the dorsal
ed closely to the peritoneum (B). Gross appearance. The mass was dark
plenic structure with multiple sinusoid tissues (D).
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FIGURE 3

Microscopic appearance (A,B). Histologic magnification revealed accessory splenic tissue [hematoxilyn and eosin staining, ×200 (A), ×400 (B)].
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manifestations (7). Clinical localisation and diagnosis of an

adrenal tumour are mainly based on imaging examinations,

such as ultrasound, CT and MRI. Because of the deep and

hidden adrenal region, like any imaging method, an ultrasound

examination is likely to be disturbed and entail the risk of

misdiagnose. It is the most subjective and require considerable

clinical experience and knowledge of sonographers for proper

interpretation (8). Adrenal tumours often show uniform low-

density shadows on CT scan, whereas an accessory spleen

usually presents with uniform density, and its enhancement

effect in the arterial and venous phases is always similar to that

of the spleen. Our patient had undergone splenectomy 20 years

ago, so we could not compare it with the normal spleen. In

addition, the CT morphology of the accessory spleen in this

case was similar to that of a benign adrenal tumour, with a

regular shape, a clear boundary and a capsule. Moreover, The

CT value of plain scanning was 36 to 68 HU, and enhanced

scanning presented moderate enhancement (Figure 1B). The

CT value in the arterial phase was 62–104 HU, and that in the

delayed phase was 46–89 HU (Figure 1C). The CT findings

were similar to those for an adrenal mass. Those findings,

combined with the patient’s history of hypertension, led to our

suspicion of a left-adrenal tumour. Thus, surgical exploration

was unavoidable.

Accessory spleen, also called supernumerary spleen, refers to

tissue with the same structure and function as the normal spleen

that exists in addition to the normal spleen, and it is a common

congenital anatomical abnormality, with an incidence of 10%–

30% (9). Accessory spleen formation is usually caused by failed

fusion of some parts of an embryonic spleen bud in the

mesogastrium or by independent development of partial spleen

tissue that detaches from the spleen (9, 10). The location, number

and size of the accessory spleen can also vary. A single accessory

spleen is common, but multiple accessory spleens may also occur,

and generally its diameter is 10–40 mm (11). Accessory spleen
Frontiers in Surgery 04
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often occurs in the splenic hilum, but also in other parts of the

abdomen, such as the pancreatic tail, greater omentum,

hepatogastric ligament, splenogastric ligament space, gastric wall,

intestinal wall and even pelvic reproductive organs, and the

retroperitoneal position is extremely uncommon (12, 13). When

accessory spleen was located in the adrenal region, the accessory

spleen can easily be misdiagnosed as an adrenal tumour (14, 15).

Compared with the left-retroperitoneal accessory spleen, the right-

retroperitoneal accessory spleen is rarer but more likely to be

misdiagnosed as an adrenal tumour (15).

At present, it is generally recognised that Tc-99m-labelled

heat-denatured red-blood-cells scintigraphy is a reliable,

sensitive and non invasive imaging method for confirm the

qualitative clinical diagnosis of accessory spleen (16, 17). The

diagnostic principle is that the reticuloendothelial cells of the

spleen can selectively absorb and destroy the function of

damaged and denatured red blood cells (RBC). Firstly, in vitro
99mTc-labelled heat-denatured red blood cells (99mTc-DRBC)

are intravenously injected into the human body and then

absorbed by the spleen, followed by the liver and

reticuloendothelial tissues, such as bone marrow. In these

tissues, haem in RBC is destroyed, digested and metabolised

to form bilirubin, so only the spleen can aggregate
99mTc-DRBC, and has a high-uptake rate, followed by the

liver and bone marrow, but other tumour tissues and lymph

glands cannot. The radioactive concentration per unit volume

is 2–3 times higher in the spleen than in the liver. False-

negative results only are obtained in accessory spleens which

were the relatively small sizes because there is no

accumulation of radioactive tracers (18). 99mTc-DRBC

scintigraphy can well distinguish ectopic accessory spleen

from tumour recurrence, new tumours and enlarged lymph

nodes, with high accuracy (19). It is a useful nuclear medicine

method to solve some of the clinical puzzles, but its

development is limited in China. Moreover, the main blood
frontiersin.org
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supply of the accessory spleen in the adrenal region is from

splenic artery branches. Careful distinguishing between

accessory spleen and adrenal tumours from the perspective of

blood supply in imaging may reduce misdiagnosis to a greater

extent. Therefore, when encountering suspected cases in

clinics, we need to combine different imaging techniques for

analysis, and think more about it, avoid misdiagnosis leading

to unnecessary surgery.

Generally, the accessory spleen has no clinical symptoms

and is mostly detected by physical examination or other

examinations (20). Currently, it is believed that the accessory

spleen needs no special treatment and requires resection only

for rupture, infarction or vascular torsion that causes

corresponding clinical symptoms (21). Additionally, the

normal spleen and accessory spleen need to be resected

together in the treatment of haematological diseases, such as

idiopathic thrombocytopenic purpura, otherwise may cause

recurrent disease (22). However, an enlarged accessory spleen

is often clinically misdiagnosed as a tumour or enlarged

lymph node for surgical treatment (23). Our patient had

undergone open splenectomy for splenic rupture caused by a

traffic-accident trauma 20 years ago. Due to the long time

and no corresponding imaging data as a preoperative

reference, we could not determine that the accessory spleen of

this patient was caused by compensatory hypertrophy of the

accessory spleen after splenectomy or its ectopic implantation

during splenectomy. Intraoperatively, the boundaries between

the dorsal side of the mass and the kidney, adrenal gland and

surrounding adipose tissue were clear, loose and non-adhered

(Figures 2A), but the ventral side adhered closely to the

peritoneum (Figures 2B). It can be seen that the lateral

peritoneum was not opened during splenectomy. Therefore, in

this case, the accessory spleen was mostly caused by

compensatory hypertrophy of the accessory spleen after

splenectomy. After resection of the normal spleen, the ectopic

accessory spleen can develop compensatory hypertrophy and

play the role of the normal spleen. After splenectomy,

resulting in decreased immune cells, weakened and

imbalanced regulation of the immune system and increased

infection, which would require special attention.

In this case, because of our lack of experience, the patient

underwent unnecessary surgery. We analysed the causes of

our misdiagnosis and had to admit that different imaging

techniques for the suspected case were not performed, and the

single examination had some defects. Additionally, this

patient had a history of splenectomy, and the accessory spleen

was located in the adrenal region, which is relatively rare. The

patient also had a history of hypertension, which greatly

interfered with the preoperative diagnosis, but the main

reason was the lack of understanding of accessory spleen

before surgery. During the surgery, the adrenal source was

excluded, we also questioned the source of the tumour. To

ensure the integrity of the tumour and the principle of “no
Frontiers in Surgery 05
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tumour”, we did not perform a frozen-section examination.

However, it would be worth discussing whether a better

outcome can be obtained if such tumours are subjected to

frozen-section examination during surgery.
Conclusions

In summary, the diagnosis of space-occupying lesions in the

left-adrenal region remains challenging, especially in some

patients who have no specific manifestations or abnormalities

in biochemical indexes. When the cases show abnormal

adrenal space-occupying lesions in imaging examinations,

non-adrenal diseases should be considered. we need to

combine different imaging techniques for analysis, and think

more about it, avoid misdiagnosis leading to unnecessary

surgery.
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Laparoscopy for evaluating
mesenteric lymphangiomatosis:
A case report
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Background: Lymphangiomatosis is an extremely rare disease with potential

soft tissue, bone, and spleen involvement, which can be characterized by

lymphangioma. Only a few cases of colon and mesenteric lymphangiomatosis

have been reported. We report a case presenting with fatigue,

periumbilical pain, and intermittent bloody stools. This patient underwent a

series of examinations. Exploratory laparoscopy, in particular, yielded very

valuable images and videos for this disease, which can provide evidence for

the diagnosis of this disease.

Case summary: The current patient had fatigue, periumbilical pain, and

intermittent bloody stools. Colonoscopy indicated numerous variable-sized

hyaline cysts in the colon. Submucosal puncture was performed during

colonoscopy. The patient was readmitted to the hospital due to periumbilical

pain. B-ultrasound and abdominal CT showed multiple hypoechoic nodules in

the mesenteric area. Exploratory laparoscopy was performed, and

histopathology revealed that D2-40 was positive. Based on auxiliary

examination and laparoscopic biopsy, surgeons and pathologists reached the

diagnosis of mesenteric lymphangiomatosis.

Conclusion: Clinicians need to comprehensively improve their knowledge of

lymphangiomatosis, and the combination of clinical symptoms, histological

characteristics, and colonoscopy biopsy findings should be considered to

improve lymphangiomatosis diagnosis, thereby reducing misdiagnosis.

Core tip: Colon and mesenteric lymphangiomatosis is an extremely

uncommon benign condition of unknown etiology and pathogenesis in adult

patients. We report a case of mesenteric lymphangiomatosis in a 37-year-old

woman who presented with fatigue, periumbilical pain, and intermittent bloody

stools, as well as lesions in the kidney, spleen, and bones. This case provides

new insights into the diagnosis and treatment of this disease.
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Introduction

Colon and mesenteric lymphangiomatosis is an extremely

uncommon benign condition of unknown etiology and

pathogenesis, which could lead to compression symptoms

caused by mechanical pressure. Here, we report a case of

abdominal lymphangiomatosis evaluated by laparoscopy,

which has not been previously reported.
Case presentation

Colonoscopy indicated numerous variable-sized hyaline cysts,

involving the ascending colon, transverse colon, and descending

colon (Figure 1A), while no biopsy was carried out. Submucosal

puncture was performed during colonoscopy. One year later, the

patient returned with periumbilical pain. In abdominal ultrasound,

multiple hypoechoic nodules with marked intranodular blood flow

were observed in the spleen with a maximum size of 1.2 * 1.2 cm,

with well-defined margins. In the inferior pole of the left kidney, a

hypoechoic nodule was found, with an approximate diameter of 1.6

cm and no blood flow signal. Enlarged lymph nodes (1.9 * 1.1 cm2)

were found in the retroperitoneum (Figures 2A–C). Abdominal CT

revealed multiple diffuse low-density shadowing zones without

enhancement distributed in the mesenteric area, which partly

surrounded the small bowel and presented a doughnut

shape. The boundaries were blurred (Figure 2D). Low-

density shadowing zones were observed in the left kidney,

spleen, ilium, and fifth lumbar vertebra on CT scan images

(Figures 2E–H). Based on the images, lymphangiomatosis

was highly suspected, which was further confirmed by

laparoscopic biopsy (Figure 3A). Further exploratory laparoscopy

showed numerous hyalines, smooth-walled, variable-sized cystic
Frontiers in Oncology 02
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microstructures in the root of the mesentery, involving total

mesenteric excision (Figure 3B). The liquid inclusions were clear

and pale yellowish (Video S1). Histopathology revealed diffuse or

multi-centric proliferation of thin-walled, dilated lymphatic vessels

(Figure 4A). D2-40 (a monoclonal antibody), a highly sensitive and

specific marker of lymphatic endothelium in the normal

tissue and a subset of vascular lesions, confirmed mesenteric

lymphangiomatosis by immunoreaction (Figure 4B). D2-

40-positive lymphatic vessels were shown in mesentery

(Figures 4C, D). The patient was treated with sirolimus (0.8 mg/

m2, Bid) for 3 months, and follow-up colonoscopy was performed.

Colonoscopy indicated decreased number and size of cysts

compared with the condition observed 6months before (Figure 1B).
Discussion

In 2014, generalized lymphatic anomaly (GLA) was proposed

by the International Society for the Study of Vascular Anomalies

(ISSVA) as a new term for lymphangiomatosis (1).

Mesenteric lymphangiomatosis is a benign cystic tumor of

lymphatic vessels that occurs rarely in adults, while its etiology

and pathogenesis remain elusive (2). It has variable clinical

presentations and can involve different sites, including the

mesentery, bone, spleen, mediastinum, lungs, and soft tissues

(3). The clinical course and compression symptoms are directly

correlated to the affected sites, mechanical pressure, and extent

of the disease. In most cases, these lesions are multicystic and

characterized by hypodense regions on CT images, without

increased vascular flow on color Doppler ultrasound. We

analyzed 11 previous cases of lymphangiomatosis involving

the gastrointestinal tract and summarized them in Table 1. We

listed the symptom and examination procedure of these cases so
A B

FIGURE 1

(A) Colonoscopy indicated numerous cysts in the ascending colon, transverse colon, and descending colon. (B) The patient treated with
sirolimus within 3 months, and colonoscopy indicated that the number and size of cysts decreased.
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that colleagues can learn more about the disease. Reviews of the

literature confirm that lymphangiomatosis progresses slowly

and can be well controlled with appropriate treatment.

A case report of mesenteric lymphangiomatosis indicated

that surgical resection of the mesentery could be an option in

case of mechanical obstruction (15). However, the defect
Frontiers in Oncology 03
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caused by the operation may lead to internal herniation,

eventually resulting in bowel obstruction and intestinal

volvulus. Repairing the defect with Permacol was performed

with no complications after 4 years (14). Biomaterial implant

may be an option for closing the mesenteric defect caused by

surgery. Lymphorrhea after open or laparoscopic biopsy is
A B

FIGURE 3

(A, B) Exploratory laparoscopy showed numerous hyalines, smooth-walled, variable-sized cystic microstructures in the root of the mesentery.
G

A B

D E F

H

C

FIGURE 2

(A–C) Abdominal ultrasound observed multiple hypoechoic nodules in the spleen and the lower poles of the left kidney, and enlarged lymph
nodes in the retroperitoneum. (D) Abdominal CT scan observed multiple diffuse low-density shadowing zones in the mesenteric area, which
presented a doughnut shape. (E–H) Low-density shadowing zones can be observed in the left kidney, spleen, ilium, and the fifth lumbar
vertebra in abdominal CT scan images.
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A B

DC

FIGURE 4

(A, B) Histological examination showed the positive D2-40 immunohistochemistry and confirmed mesenteric lymphangiomatosis. (C, D) Lymph
vessels were identified imunohistochemically as D2-40-positive.
TABLE 1 Previous lymphangiomatosis-related disease cases.

Case
number

Gender Age Lesion
location

Clinical features Diagnostic workup Treatment Follow-
up and
outcome

Reference

1 Male 59 Esophagus Choking on swallowing Endoscopy: multiple submucosal
masses, slightly translucent and
whitish, covered with smooth and
normal-looking mucosa;
Chest CT: diffuse low-density
lesion;
Endoscopic ultrasound: multiple
mixed solid and anechoic cystic
lesions above the seemingly intact
muscularis propria;
Histopathologic: lymphangioma

Observation Progression-
free

Cao et al.
(4)

2 Male 79 Sigmoid colon Intermittent bloody
stools, abdominal

discomforts

Fecal occult blood test: positive;
Colonoscopy: multiple cystic
masses with a translucent and
smooth surface, ranging from 4 to
8 mm in diameter;
EUS: echo-free cystic masses

Laparoscopy-assisted
partial sigmoid colon

resection

Progression-
free

Lu et al. (5)

3 Male 52 Ascending colon Intermittent bloody
stools, abdominal

discomforts

Endoscopy: large, balloon-like
submucosal structures;

Observation Disease
progression

Mujagic
et al. (6)

(Continued)
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TABLE 1 Continued

Case
number

Gender Age Lesion
location

Clinical features Diagnostic workup Treatment Follow-
up and
outcome

Reference

Histology: nonspecific mild chronic
inflammation

4 Male 41 Ileum Acute diffuse
abdominal pain,

nausea, vomiting and
inability to pass gas or

stool

Abdominal CT scan: bowel
distension and multiple gas-fluid
levels;
Diagnostic laparoscopy:ileal
perforation;
Histology: diffuse
lymphangiomatosis involving the
sub-mucosa and, in some parts, the
full-thickness muscular wall

Ileal resection Not
mentioned

Giuliania
et al. (7)

5 Male 71 Jejunum The patient underwent
rectal resection and
ileostomy. Follow-up
examination revealed
nodular jejunal and
adjacent mesenteric
masses

Abdominal CT scan: soft-tissue
density of the nodular mass and
hazy attenuations in the jejunal
mesentery;
Contrast-enhanced CT: nodular
jejunal and adjacent mesenteric
masses in contrast to the barium-
filled jejunum;
PET/CT: no remarkable FDG
uptake was seen;
Histology: cavernous
lymphangioma involving the
jejunum and mesentery.

Jejunectomy Progression-
free

Hwang and
Park (8)

6 Male 31 Jejunum, Cecum Recurrent melena for
the last 8 years and
iron deficiency anemia

Colonoscopy: protruding
submucosal lesions of
approximately 20–30 mm in
diameter at the cecum;
Histology: mild mononuclear
infiltrate in lamina with focal
prominence of goblet cells;
Contrast-enhanced CT: small cystic
lesion in ascending colon;
Laparotomy: a leash of blood
vessels and multiple fleshy sessile
pedunculated lesions overlying
serosal aspect of small bowel and
small bowel mesentery starting
from mid-jejunum to the ileo-cecal
junction

Limited ileocecal
resection

Progression-
free

Rai et al. (9)

7 Male 58 Esophagus Dysphagia of 7
months’ duration

Esophagogastroscopy: a huge lesion
grew along the esophagus; the
mucosa was normal;
Esophageal ultrasonography: the
tumor originated from the
submucosal layer and the
muscularis propria was found to be
intact;
Contrast-enhanced CT: a mass
localized inside the esophageal
lumen and a lesion with low
density was outside;
Histology (endoscopic biopsy
specimen): mild to moderate
dysplasia of the lesion mucosa;
Histology (resection specimen):
lymphangioma

Open thoracotomy and
enucleation

Progression-
free

Liang et al.
(10)

(Continued)
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one of the possible complications. Minor lymphatic leakage

can be resolved by conservative management. Massive

lymphatic leaks can be treated by embolization, but surgery

may be necessary in some cases (16). Regarding the

pharmacotherapy of lymphangiomatosis, sirolimus is an

inhibitor of mammalian target of rapamycin (mTOR). Elisa

Boscolo reached the conclusion that sirolimus suppresses the
Frontiers in Oncology 06
125
growth of lymphatic endothelial cells by inhibiting VEGF-A-

and VEGF-C-driven proliferation and migration, thus

impeding lymphangiogenesis (17). It is very effective in the

treatment of multiple complicated vascular anomalies and

has potential antitumor effects (18). Follow-up of the present

case observed a significant decrease in number and size of

cysts by colonoscopy.
TABLE 1 Continued

Case
number

Gender Age Lesion
location

Clinical features Diagnostic workup Treatment Follow-
up and
outcome

Reference

8 Male 32 Small bowel
mesentery

Mild dull diffuse
abdominal pain and
two episodes of melena

Abdominal ultrasound: multiple
anechoic cystic lesions within the
abdominal cavity;
Abdominal CT: numerous
confluent cystic lesions of variable
size;
Cytology: few mature lymphocytes
and was negative for chyle. Flow
cytometry showed few B and T
lymphocytes;
Endoscopy: no significant
abnormality.

1 g of oral paracetamol
three times per day for

1 week

Progression-
free

Alhasan and
Daqqaq (11)

9 Female 35 Mediastinum,
Abdomen

Abdominal pain,
lymphoedema of the
legs, ascites, and
diarrhea

Thoracoabdominal region CT: a
multilobar cystic mass in the
mediastinum extending in the
retroperitoneum and
intraperitoneum;
Body MRI: multiple hyperintense
cystic lesions in mediastinum and
retroperitoneum on T2-weighted
images;
Endoscopy: multiple white spots in
the duodenum and jejunum.
Histology:no evidence of
malignancy

No effect: Pan
abdominal radiotherapy,

sandostatin,
doxycycline, beta-
blockade and
thalidomide;

Effect: sirolimus

Progression-
free

Van
Meerhaeghe
et al. (12)

10 Female Newborn Right lower
abdominal
subcutis

None Abdominal ultrasound: hypo-
anechoic cysts in the subcutaneous
tissues, extending from the
umbilical to the right inguinal area,
reaching the medial surface of the
thigh;
Abdominal MRI: several lacunas
with cystic appearance; the
enhancement was absent.
Multicystic lymphangioma was
diagnosed

“Wait and see” strategy,
follow-up 3 years.

Progression-
free

Amodeo
et al. (13)

11 Female 11 Mesentery Pain in the right lower
quadrant of the
abdomen for 2 months

Abdominal CT: infiltrative cystic
mass in the mesentery;
Exploratory laparotomy: a broad-
based multiple cystic
lymphangioma within the
mesentery ranging from the Treitz
ligament to the transverse colon.

The lymphangiomawas
completely excised
saving mesenteric

vessels by
skeletonization. The
mesenteric defect was

repaired with a
Permacol.

Progression-
free

Kim et al.
(14)
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Exploratory laparoscopy has not been utilized to evaluate

mesenteric lymphangiomatosis so far, although a case report

suggested that surgical resection of the mesentery could be an

option in case of mechanical obstruction (14). The present case

revealed the multi-systemic imaging manifestations of a rare

systemic disease and highlighted the importance of exploratory

laparoscopy in the diagnosis of mesenteric lymphangiomatosis.
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synchronous bone metastasis
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Bone metastasis is one of the comorbidities of advanced lung cancer,

eventually leading to an impaired quality of life. We present a case of a lung

adenocarcinoma patient with synchronous bone metastasis. The patient

possessed a superior survival time of more than five years under

multidisciplinary treatment. Considering the balance of life expectancy and

limb function, the metastatic site on the right humerus was successively

surgically managed. Based on the present case, we emphasized the

importance of treatment choice between anti-tumor and bone management

in the long-term survival of cancer patients with synchronous bone metastasis.

KEYWORDS

lung adenocarcinoma, bone metastasis, survival outcome, quality of life, case report
Introduction

Lung cancer is the leading cause of cancer mortality worldwide. In the United States,

estimated deaths of lung and bronchus cancer were up to 68,820 and 61,360 for males

and females, respectively, both of which accounted for around one fifth of the total cancer

deaths (1). The 3-year relative survival of lung cancer has been rising from 21.0% to

31.0%, which is attributed to the improvement of tumor screening and multidisciplinary

therapy (1, 2). More than half of the newly diagnosed lung cancer patients presented with

metastatic disease at initial diagnosis (3). Data from the SEER program demonstrated the

corresponding 5-year relative survival rate was a dismal 6.9% for lung cancer patients

with distant metastasis (4).
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In this study, bone was one of the most common metastatic

sites in lung cancer, and bone metastasis (BM) occurred in more

than one third of the advanced patients, especially in non-small

cell lung cancer (NSCLC) patients (5). Due to the longer survival

expectancy and the improvement of imaging technology, the

reported BM incidence of lung cancer has been increasing (6).

Bone metastasis and subsequent skeletal-related events (SREs)

impaired activities of daily life and reduced quality of life (QOL),

which eventually deteriorated the general condition and

shortened the survival time of the patients (7). The previous

study concluded that the median survival of lung cancer patients

with synchronous BM was 4.00 (95% CI: 3.89–4.11) months (8).

In our study on lung patients with synchronous BM, a total of

938 patients were selected, and the median survival of patients

was up to 11.53 months (9). With the development of

therapeutic modalities, the survival outcome of advanced lung

cancer patients has been improving.

Skeletal-related events (SREs) are accepted to result in impaired

mobility and increased mortality in cancer patients with BM. SREs

are comprised of several complications, such as bone pain,

pathological bone fracture, hypercalcemia, the need for

radiotherapy, and spinal cord compression (10). Bone resorption

inhibitors, such as bisphosphonates and denosumab, were

recommended routinely. These anti-resorptive agents have been

shown to delay the occurrence of SREs and reduce the frequency of

SREs by regulating bone microenvironment (11). Radiation therapy

(RT) was recommended for local control and pain palliation of

bone metastatic sites. The dose and fractionation of RT should be

tailored to the symptom and general condition of the patients (12).

As for patients with pathological fractures or spinal cord

compression, surgical intervention was emphasized to palliative

symptoms and stabilizes bone structure. Importantly, life

expectancy should be evaluated before surgery performance (13).

In this study, we reported a female lung cancer case

diagnosed with synchronous BM. Accompanied with

multidisciplinary management, three operations were

performed on her bone metastasis site. At the last follow-up in

September 2022, the patient had lived more than 5 years after

diagnosis. In this case, we emphasized the importance of

treatment choice between anti-tumor and bone management

in the long survival of cancer patients with synchronous

bone metastasis.
Case description

A 52-year-old woman was admitted to our department in

September 2016 due to pain (VAS = 6) in her right upper arm.

The study was conducted in accordance with the Declaration of

Helsinki and approved by the Ethics Board of the Tianjin

Medical University Cancer Institute and Hospital. The signed

informed consent of the patient was obtained. The study was

reported in agreement with the principles of the CARE
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guidelines (14). A computed tomography (CT) scan revealed

the evidence of a soft tissue mass and pathologic fracture on the

right humerus (Figure 1A). At the same time, a pulmonary CT

presented space-occupying lesions on her left upper lobe

(Figure 1B). Based on the Mirels scoring system, the patient

got a 9, which indicated a high risk of pathological fracture.

Thus, the patient underwent tumor resection, bone cement

filling, and plate internal fixation on the right humerus. X-ray

imaging after surgery is shown in Figure 1C. The postoperative

pathological diagnosis was metastatic adenocarcinoma

(T2aN0M1b, stage IVA), and the metastatic site was

considered to have originated from the lung based on

immunohistochemistry testing. Pathologic imaging is

presented in Supplementary Figure 1. After recovery from

surgery, five cycles of palliative chemotherapy were carried out

(pemetrexed 800 mg plus carboplatin 500 mg) until stable

disease of primary lung cancer was detected by a routine

imaging test, accompanied by the infusion of pamidronic

acid monthly.

The patient was referred to our hospital again in September

2018 because of the recurrence at the original metastatic site and

severe pain (VAS = 7). A PET-CT examination was performed

in order to assess the progression of the disease. The right axilla

lymph node was enlarged, being diagnosed as lymphatic

metastasis. Besides, several new bone destruction sites were

detected, including the previous surgical site on the right head

of the humerus, the fourth lumbar, the right iliac bone, and the

left femur. Thus, the patient was diagnosed with multiple bone

metastases (T2aN3M1c, stage IVB). The patient got a newMirels

score of 9. After the prognostic evaluation (more than 6 months)

and the general condition assessment, in order to prevent

pathologic fracture of the right humerus, the replacement of

the right shoulder joint was performed (Figure 1D). The

pathological result was confirmed to be a metastatic

adenocarcinoma with poor differentiation (Supplementary

Figure 2). Two cycles of chemotherapy (pemetrexed 800 mg

plus carboplatin 500 mg) were performed with no remission.

Thus, a new regimen of systematic chemotherapy was needed. In

March 2019, the patient underwent genetic testing of

postoperative paraffin-embedding tissue and the results

concluded that both the mutations of EGFR, HER2, and MET

and the rearrangements of ALK and ROS1 were negative.

Meanwhile, the expression level of PD-L1 was less than 1%.

After multidisciplinary team discussion, the chemotherapy was

performed, which comprised docetaxel 110 mg and carboplatin

500 mg. Meanwhile, sintilimab 200 mg was given at the strong

will of the patient. The regimen was terminated in May 2019 due

to the intolerant allergy. Then, the carboplatin was replaced by

nedaplatin 140 mg, and the regimen was regularly performed for

four courses.

After an approximately three-year stable disease period, the

patient presented to our department with the occurrence of

prosthesis extrusion in April 2022. The CT imaging is shown in
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FIGURE 1

Imaging examination of the patient. Computed tomography images (upper image for axial, lower left for sagittal, and lower right for coronal,
respectively) of the patient at the initial diagnosis (A, B). (A) CT scan showed a soft tissue mass (2.4 cm × 1.8 cm) and a pathologic fracture on
the right humerus of the patient. (B) Chest CT showed a pulmonary mass in the left upper lobe. X-ray images after the first two surgeries (C, D).
(C) X-ray image after the surgery for plate internal fixation on the right humerus. (D) X-ray image after the surgery for the right shoulder joint
replacement. Computed tomography images (upper image for axial, lower left for sagittal, and lower right for coronal, respectively) before the
surgery of shoulder disarticulation (E, F). (E) CT scan showed the prosthesis of patient exposed out of right humerus. (F) Chest CT presented
stable disease in the primary lung tumor.
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Figure 1E. Physical examination showed a skin ulceration

(5.0 cm ∗ 2.0 cm) on the previous surgical site with swelling

and exudation, accompanied by no systemic symptoms of fever,

sweats, or chills. The bacterial culture test of exudation was

performed, and pseudomonas aeruginosa was found. The serum

examination indicated an elevation of C-reactive protein (52.22

mg/L) without other abnormalities. Considering the

unsatisfactory expected function of the limb and the poor

general condition (Karnofsky score = 50) of the patient, the

surgery of right shoulder disarticulation was performed with the

consent of the patient. Early functional exercise and mental

rehabilitation were applied after surgery. The patient is still in

follow-up with stable disease in his primary lung tumor after

long-term systematic therapy (Figure 1F). The timeline of the

diagnosis and treatment course of the patient is summarized

in Figure 2.
Discussion

With the advance of targeted therapy and immunotherapy in

recent years, new medications such as tyrosine kinase inhibitors

(TKIs) and anti-PD1/PD-L1 agents have been approved and

widely used in patients with advanced lung cancer (2). We

reviewed the previous literature reporting long-term survival in

lung cancer patients with synchronous BM and listed four case

reports in Table 1 (15–18). Most studies were conducted before

the application of targeted therapy. The treatment was restricted

to conventional therapies such as systematic chemotherapy,

surgical resection, and radiotherapy, which seemed to be largely

out-of-data in current treatment principles. Hou et al. reported a

76-year-old female lung cancer patient presenting with metastasis

on the first lumbar vertebra and the left seventh anterior rib at the

initial diagnosis. The patient underwent surgery for lumbar

vertebra tumor removal, bone cement filling, and pedicle screw

fixation at the spine metastatic site. After surgery, the backache

symptoms of the patient were significantly relieved. Two cycles of

chemotherapy followed by EGFR-TKI geftinib were performed

and the patient achieved an eight-year survival. In the present

case, we also presented a female lung cancer patient with long-

term survival. In contrast to the spinal metastatic case reported by

Hou et al., our patient suffered from intolerable pain and
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immobility due to the metastasis on the right humerus. In the

absence of individual comprehensive therapy, systematic

treatment was performed to achieve a longer survival outcome.

Meanwhile, the preservation and restoration of limb function in

BM patients should be pursued after evaluating the balance of

cancer survival and quality of life.

As shown in Figure 3, the goal of treatment for advanced-

stage lung cancer is to achieve local control, minimize symptoms,

and improve QOL (19). The multidisciplinary approach

conducted by the team of oncologists, orthopedic surgeons,

radiologists, pathologists, psychologists, and palliative medicine

specialists should be emphasized before the accurate prediction of

survival. Several prognostic models were reported to predict the

survival of lung patients with BM, which played an important role

in treatment decision-making (8, 20–22). For NSCLC patients

with a predictive life expectancy of less than three months, best

supportive care was recommended, which aimed to reduce

suffering and support the best possible QOL (23). For BM

patients with a survival time of more than 3 months, systematic

therapy including bone-targeted therapy, radiotherapy, and pain

management should be performed. Meanwhile, surgical

intervention was recommended for patients with a survival time

of more than 6 months (12). To identify targeted therapy or

immunotherapy potentially benefiting survival, molecular testing

should be performed and individual treatment should be planned

according to the resting results (12). Notably, systemic imaging

examination was emphasized for advanced cancer patients to

detect unusual metastatic sites (24). Solitary suspicious lesions,

especially those in uncommon locations such as the skull, should

be carefully diagnosed to exclude metabolic and other diseases

(25). The therapeutic regimen must be initiated under the

circumstances of the right diagnosis.

The exposure of the prosthesis was one of the infrequent

complications of joint replacement. Michala et al. reported a

total of 130 patients who received joint replacement due to

skeletal metastasis, and one case presented a prosthesis

penetrating the skin (26). In the current study, the body mass

index (BMI) of the patient decreased from 24.0 to 19.2 since the

performance of shoulder joint replacement. Besides, the patient

suffered from an impact on her right shoulder, which might have

led to the rupture of the fragile fiber formed after surgery. Thus,

we suspected that the prosthesis exposure was attributed to
FIGURE 2

The timeline of the diagnosis and treatment course of the patient in the present case.
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malnutrition and the experience of falling over. After the

comprehensive discussion on the general condition,

comorbidity, and economic condition of the patient, the patient

chose to have disarticulation surgery. Before the disarticulation

surgery, the infectious situation could not be satisfactorily

controlled with the antibiotics, which were associated with the

immunosuppression after long-term anti-immune treatment.

The infection could increase the probability of allograft

rejection, leading to the failure of revision surgery. Besides, two-

time surgeries had been performed, which reduced the remaining

soft tissue to cover the surgical site and increased the operational

difficulty of revision surgery. Thus, disarticulation surgery, with

fewer postoperative complications and a lower cost, was a more

suitable choice for the patient than revision surgery.

The patient queried for the surgery of shoulder disarticulation

autonomously, which reflected the pursuit of the patient for

improvement of QOL. For an advanced lung cancer patient with

BM, the demand of patient at initial diagnosis was cancer control

and survival extension. After several invasive methods and

subsequently systematic treatment, local control was achieved

temporarily, which was always accompanied by cancer-associated

complications and treatment-related adverse events (27).

Systematic chemotherapy might cause liver dysfunction and

myelosuppression alone or in combination with immunotherapy

(28). It was reported that immune-related adverse effects such as

thyroid disorders occurred in NSCLC patients who were receiving

immunotherapy (29). As for patients undertaking surgical

intervention, some of them suffered from perioperative and
Frontiers in Oncology 05
132
postoperative complications, which included pneumonia,

infectious diseases, and neurological deterioration (29). Besides,

the financial burden on patients and their families sustainably

accumulated, which caused distress in patients and finally turned

their demands from longer survival to palliating symptoms and

improving QOL (30). Thus, cancer itself as well as social factors

should be focused on, which urgently needs support offered by

psychological consultants and medical social workers (10). The

clinical management of BM was one of the major concerns

worldwide (31). It was reported that the major complications of

BM commonly occur within 3–6 months in patients without the

treatment of bone resorption inhibitors (32). Thus, it is important

to initiate a bone management program as soon as the diagnosis of

BM is made, regardless of whether the patient presents SREs or not

(10). Bone resorption inhibitors such as bisphosphonates and

denosumab were highly recommended after the diagnosis of BM,

which aimed to prevent or delay the occurrence of SREs (33). To

palliate symptom of pain, oral drugs such as NSAIDs and opioid

treatment and radiation therapy were effective approaches. Several

options for radiation therapy are currently available, including

external-beam radiation therapy (EBRT), stereotactic body

irradiation therapy (SBRT), and radionuclide treatment (11).

In the current case, the patient was diagnosed with a solitary

bone metastasis on the right humerus, and a surgical

metastectomy was performed initially. With the development of

cancer, oligometastatic disease (with a limited number of

metastatic sites) was identified. Since the occurrence of disease

progression, local surgical intervention was performed to prevent
TABLE 1 Summary of the previously reported long-term survival (more than five years) cases of lung cancer patients with synchronous bone
metastasis.

Publication
year

Age at
initial

diagnosis

Gender Pathology Primary lung tumor
treatment and systematic

therapy

Bone metastatic
site

Bone metastatic
site treatment

Survival time

2021 (15) 76 Female Papillary
adenocarcinoma,
moderately
differentiated

Two cycles of chemotherapy;
EGFR-TKI geftinib

1st lumbar
vertebra and
left 7th

anterior rib

Lumbar vertebra tumor
removal, bone cement
flling and plate internal
fxation; radiation
therapy; zoledronic acid
intravenous injection

Eight years
survival after
initial diagnosis

2005 (16) 71 Male Squamous cell
carcinoma, well
differentiated

Left lower lobe lobectomy plus
six cycles of systematic
chemotherapy; radiation therapy
after local recurrence

Right fibula None Five years
survival after last
operation

52 Male Adenocarcinoma,
poorly
differentiated

Right upper lobe lobectomy plus
three cycles of systematic
chemotherapy

Left thigh Resection of the left
thigh tumor

Five years
survival after last
operation

2005 (17) 61 Male NSCLC, poorly
differentiated

Chemotherapy plus radiation to
the left upper lobe tumor

Right femur Right femoral
intramedullary rod
placement plus radiation
therapy; excision of the
right femoral metastasis
after recurrence

Eight years
survival after
initial diagnosis

2004 (18) 68 Male Adenocarcinoma Left upper lobectomy and
resection of partial parietal
pleura

Right iliac bone Resection of the right
iliac bone tumor

Five years
survival after
initial diagnosis
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pathologic fracture and systemic treatment was conducted, all of

which were chosen after comprehensive evaluation of survival and

limb function. As for patients with oligometastatic bone disease

(OMBD), the local therapy of both primary lung cancer and bone

metastatic sites should be highlighted. In a meta-analysis

including 757 patients with oligometastatic NSCLC, prolonged

survival was observed in patients who received consolidative local

treatment (34). The aggressive surgical metastectomy and

radiotherapy on bone metastasis may benefit survival in

oligometastatic NSCLC patients (35, 36). Since complete

pathologic fractures are a clear indication for surgery, the

selected patients with impending fractures should undergo

surgical intervention to prevent fractures. According to the

NCCN guidelines, orthopedic stabilization accompanied by

palliative radiotherapy should be performed in patients as risk

of fracture on weight-bearing bone (12). Meanwhile, a previous

study concluded that patients with impending pathologic fractures

had a better outcome than those with complete fractures after
Frontiers in Oncology 06
133
surgical intervention (37). Thus, the optimal time to perform

surgery for patients with impending fractures needs further

investigation after the consideration of the benefit from surgery.

As shown in Table 1, various cases suggested cancer patients could

significantly benefit from the multidisciplinary treatment, even if

they were diagnosed with the initial advanced stage. Thus, a

multidisciplinary approach should be encouraged, and the

necessary psychological counseling should be given to such

patients. Currently, rarely is a study looking into the

individualized needs of cancer patients with BM performed.

With improved survival of cancer patients with BM, such a

study would be of significance for guiding treatment plan

making. At the same time, more attention should be given to

the field of precise prognostication in cancer patients with BM.

In summary, we described a case of lung adenocarcinoma in

the left upper lobe, diagnosed with synchronous bone metastasis.

With more than 5 years of survival since the initial diagnosis, the

patients obtained survival benefits from the current systematic
FIGURE 3

A flowchart illustrating comprehensive evaluation and treatment strategies for lung patients with bone metastasis.
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chemotherapy and targeted therapy. Meanwhile, the limb

function of the patient was reserved as much as possible

despite the multiple recurrences until the final disarticulation.

The study aimed to propose the concept that treatment

modalities should be tailored to the life expectancy and the

individual needs of patients.
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Case report and literature
review: Rare male aggressive
angiomyxoma of the scrotum
Yue Chen, YaPing Wei, Hong Chang and ChunKai Yu*

Department of Pathology, Beijing Shijitan Hospital, Capital Medical University, Beijing, China

Aggressive angiomyxoma (AAM) is an uncommon locally infiltrative tumor that
frequently occurs in the pelvic soft tissues of female patients; it has a high rate
of local recurrence. However, AAM is extremely rare in males. Herein, we
present the case of a 70-year-old man with a gradually enlarging painless
mass in the scrotum. The patient underwent local excision of the scrotal
AAM, with no local relapse after 17 months of follow-up. In addition to the
present case, the clinicopathological features of males with AAM reported in
literature (to the best of our knowledge) are discussed in this report. The
literature review revealed that the gross morphology, clinical process, and
histopathology of AAM in males resemble those of AAM in females. In
particular, estrogen receptor/progesterone receptor has been shown to be
expressed in male patients, which may provide an option for hormone
therapy. Moreover, in males, a lower recurrence rate has been observed after
surgery to remove the tumor. However, more data are needed to validate
this observation. This report emphasizes the importance of considering AAM
as the differential diagnosis of myxoid neoplasms in male genital areas.

KEYWORDS

aggressive angiomyxoma, scrotum, local recurrence, male, soft tissue tumor

Introduction

Aggressive angiomyxoma (AAM), a rare deep soft tissue tumor, occurs

predominantly in the pelvis and perineum of women (1). The age of AAM onset in

women has previously been reported to range from 6 to 77 years, with the peak

incidence during the childbearing years (2). AAM is defined as a benign tumor with

no malignant potential, however, AAM has a high probability of local recurrence in

the form of local infiltration (3). At present, extensive surgical excision with tumor-

free margins is the most commonly available treatment for AAM (2). The occurrence

of this type of tumor is very rare in men. To the best of our knowledge, only 85 male

AAM cases (including the present one) have been reported in literature (Table 1)

since the disease was first described in 1983. In most of these cases, the tumors were

detected in the perineal region, inguinal area, and scrotum. AAM is difficult to

diagnose without pathological analysis, and misdiagnosis as prostate, testicular, or

paratesticular cancer is common (4). Herein, we present the case of AAM arising

from the scrotum in a 70-year-old man and describe the diagnosis and treatment

procedure along with a literature review on previously reported AAM cases in males.

This study was reported in agreement with principles of the CARE guidelines (5).
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TABLE 1 The previously reported cases of aggressive angiomyxoma in men.

No. Reference Age (y) Size (cm) Location Postoperatively follow Immunohistochemical profile

1-43 Idrees et al. (6) 1–82 See reference for details

44 Hatano et al. (7) 59 7.4 Retrovesical area 26 months with no recurrence CD34 (+), desmin (+), SMA (+), S-100 (–)

45 Wu et al. (8) 40 5.1 Scrotum 12 months with no recurrence NA

46 Bothig et al. (9) 46 20.0 Perineum 26 months with no recurrence CD34 (+), desmin (+), S-100 (–), ER (+), PR (+)

47 Pai et al. (10) 48 12.0 Claviculate 6 months with no recurrence desmin (+), S-100 (–), ER (+), PR (–)

48 Heffernan et al. (11) 54 7.4 Thigh 6 months with no recurrence CD34 (+), desmin (–), S-100 (–), CD31 (–)

49 Minagawa et al. (12) 37 10.0 Inguinal area 6 months with no recurrence CD34 (–), desmin (–), S-100 (–), ER (–), PR (–)

50 Sylvester et al. (13) 47 4.0 Larynx 4 years with no recurrence CD34 (–), desmin (–), SMA (–), S-100 (–)

51 Morag et al. (14) 64 19.0 Scrotum 3 years with no recurrence CD34 (+), desmin (+), SMA (+), S-100 (–)

52 Plumb et al. (15) 44 26.0 Engrafted kidney 15 months with no recurrence desmin (+), ER (–), PR (–)

53 Sawada et al. (16) 67 2.0 Prostate 15 months with no recurrence CD34 (–), desmin (–), S-100 (–), ER (–), PR (+)

54 Bajaj et al. (17) 28 NA Orbit 4 years with no recurrence CD34 (+), desmin (+), S-100 (–)

55 Rocco et al. (18) 46 34.0 Scrotum 3 months with local recurrence NA

56 Mishulin et al. (19) 62 2.5 Orbit NA NA

57 Nayal et al. (20) 27 12.0 Axillary region 6 months with no recurrence CD34 (–), SMA (+), S-100 (+), ER (–)

58 Gaunay et al. (21) 40 5.2 Scrotum NA NA

59 Karwacki et al. (22) 81 5.0 Perineum 16 months with no recurrence CD34 (+), desmin (+), SMA (+), ER (+), PR (+)

60 Saha et al. (23) 17 25.0 Greater omentum NA desmin (+)

61 Wang et al. (24) 60 NA Maxilla 2 months with no recurrence CD34 (+), desmin (–), S-100 (–), ER (+), PR (–)

62 Caruso et al. (25) 72 23.0 Pararectal NA NA

63 Wang et al. (26) 25 6.0 Scrotum NA CD34 (+), SMA (–), S-100 (–)

64 Smith et al. (27) 51 11.0 Pelvis 15 months with no recurrence NA

65 Smith et al. (27) 77 1.2 Knee NA NA

66 Draeger et al. (28) 73 NA Scrotum No recurrence CD34 (+), desmin (+), ER (+), PR (+)

67 Ahmed et al. (29) <1 12.0 Penis 6 months with no recurrence NA

68 Sharma et al. (30) 53 4.0 Scrotum NA NA

69 Gorsi et al. (31) 44 10.5 Engrafted kidney Dead for pulmonary tuberculosis CD34 (+), SMA (–), S-100 (+)

70 Damodaran et al. (32) 62 NA Penis 20 months with no recurrence NA

71 Ismail et al. (33) 65 16.0 Scrotum 2 years with no recurrence CD34 (–), desmin (+), S-100 (–), ER (+), PR (–)

72 Aydin et al. (34) 66 15.0 Scrotum 6 months with no recurrence CD34 (+), desmin (+), S-100 (–), ER (+), PR (+)

73 Umranikar et al. (35) 79 15.7 Perineum 4 years with no recurrence NA

74 Hsieh et al. (36) 46 20.0 Buttock NA CD34 (+), desmin (–), S-100 (–), ER (+), PR (–)

75 Neyaz et al. (37) 53 15.0 Scrotum 12 months with no recurrence CD34 (+), desmin (+), S-100 (–), ER (–), PR (–)

76 Serao et al. (38) 72 7.7 Paratestis No recurrence CD34 (+), desmin (+), PR (+), ER (–)

77 Addesso et al. (39) 56 7.0 Prostate NA CD34 (+), desmin (+), S-100 (–), ER (+), PR (+)

78 Kirkilessis et al. (40) 57 11.0 Scrotum 2 years with no recurrence CD34 (+), desmin (+), S-100 (+), ER (+), PR (+)

79 Liu et al. (41) 62 2.3 Paraureteral area 30 months with no recurrence CD34 (–), desmin (–), SMA (–), S-100 (+)

80 Majumdar et al. (42) 30 28.0 Jaw Intraoperative death NA

81 Celik et al. (43) 55 12.5 Pelvic 16 months with no recurrence CD34 (–), desmin (+), SMA (–), S-100 (–)

82 Zhu et al. (44) 55 2.0 Prostate 8 months with no recurrence CD34 (+), desmin (–), S-100 (–)

83 Chen et al. (4) 82 4.7 Paratestis 4 months with no recurrence CD34 (+), desmin (+), S-100 (–), ER (–), PR (–)

84 Korecka et al. (45) 11 NA Scrotum Stable residual mass for 29 months NA

85 Present case 70 13.0 Scrotum 17 months with no recurrence CD34 (+), desmin (+), S-100 (–), ER (+), PR (+)

NA, not available.
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Case presentation

Clinical findings

A 70-year-old man presented with a left scrotum mass

that had been growing for the past 2 years. The mass was

mobile, nonpainful, and had grown progressively larger

over time. The patient was not febrile and did not present

with frequent urination, urgency, pain, or hematuria.

Magnetic resonance imaging (MRI) at another hospital

revealed the shadow of a mass in the prostate and left

scrotum. Considering the possibility of a malignant lesion,

the patient visited our hospital for further diagnosis and

treatment. During physical examination, a large, perineal

mass approximately 15 cm in size with no obvious blood

vessels on the surface was detected. MRI at our hospital

revealed a well-capsulated mass protruding into the left

scrotum in the left pelvis with a size of 13.2 × 10.0 ×

4.3 cm (Figure 1). In addition, an ill-defined mass was

detected in the prostate, with a maximum cross-sectional

area of 6.6 × 5.5 cm. The patient’s total prostate-specific

antigen level was 7.572 ng/ml (reference value = 0–4 ng/

ml). Excisional biopsy of the scrotal mass was performed

after needle biopsy revealed the mass as AAM. As the

needle biopsy of the prostate revealed no malignant

histological appearance, the patient was not initially

treated with surgery.
FIGURE 1

(A) coronal (weighted-sequence T1), (B) axial (weighted-sequence T1), (C) sa
reveal a well-capsulated mass protruding into the left scrotum in the lef
resonance imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusio

Frontiers in Surgery 03

138
Pathological findings

The gross examination of the excisional biopsy revealed a

grey–pink or grey–yellow mass measuring 13.0 × 7.0 × 5.5 cm in

volume, with a completely smooth capsule on the surface and

soft and translucent texture in tissue sections (Figure 2A).

Histologically, the tumor comprised spindle cells, myxoid

matrix containing thick-walled vessels of varying sizes, and

cordlike collagen fibers. The spindle cells were arranged in a

wavy or parallel pattern, with no atypia or nuclear division

(Figures 2B–D). Immunohistochemical staining revealed that

the tumor cells were positive for vimentin, CD34 (Figure 3A),

desmin (Figure 3B), estrogen receptor (ER) (Figure 3C), and

progesterone receptor (PR) (Figure 3D) but negative for CK,

SMA, and S-100. The tumor had a very low Ki-67 proliferation

index of 1%. Based on the morphology and the immunological

phenotype, the patient was diagnosed with AAM.

Thehematoxylin andeosin stainingof theprostateneedlebiopsy

did not reveal prostate cancer (Supplementary Figure S1A-B), and

immunohistochemical staining showed that the tumor was positive

for P63 (Supplementary Figure S1C) and negative for P504S

(Supplementary Figure S1D).
Treatment and follow-up

The patient was treated surgically. First, left arc-shaped

incision of the perineum was performed, the perineal skin
gittal (weighted-sequence T2), (D) axial (DWI), and (E) axial (ADC) MRI
t pelvis (arrows). ADCmean value = 2.16 × 10−3 mm2/s. MRI, magnetic
n coefficient.
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FIGURE 2

(A) A grey–pink or grey–yellow, well-circumscribed, solid mass measuring 13.0 × 7.0 × 5.5 cm. (B) Microscopic sections demonstrate a spindle cell
tumor entrapping the adipose tissue (hematoxylin and eosin [H&E] stain, ×100 magnification). (C) The tumor comprises spindle cells in a loose
myxoid matrix containing irregular, variably sized blood vessels and cordlike collagen fibers (H&E stain, ×100 magnification). (D) The tumor cells
are eosinophilic, small, and spindle shaped, with slightly deep staining and stellate nuclei (H&E stain, ×200 magnification).
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and muscles were dissected according to the anatomical level

and the superficial perineal fascia was dissected. The scrotal

mass was located below the urogenital diaphragm (The

superior fascia of the urogenital diaphragm is adjacent to the

prostate, and the inferior fascia is adjacent to the bulbar

corpus cavernosum) and clearly demarcated from the

surrounding tissue. The scrotal mass was then surgically

removed with clear margins. A needle biopsy of the prostate

was also performed intraoperatively. The patient was

postoperatively followed-up for 17 months; no recurrence or

metastasis has been detected.
Discussion

AAM was first described as a separate histopathological

entity by Steeper and Rosai in 1983. Considering its benign

nature, the term “aggressive” was modified to “deep” in the

fourth edition of the World Health Organization Classification

of Soft Tissue Tumors in 2013 (4). In men, only case reports

or case series have been reported in literature. The available
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cases reported in males are described in Table 1 (4, 6–45).

These men aged from 9 months to 82 years, with an average

age of 49 years. The most common sites were the pelvis and

genital areas, particularly the scrotum. Six tumors have been

reported in the head and neck area, four in the engrafted

kidney or urinary tract, three in the prostate, two in the

alimentary tract, two in the lower limbs, one in the axillary

region, one in the buttock, and one in the claviculate. Most of

these patients were usually asymptomatic, whereas a small

number of patients presented with inguinal hernia and

testicular tumors. In the present case, the tumor developed in

the scrotum and presented as a gradually increasing mass

with no typical clinical symptoms.

Most tumors in the reviewed cases were >10 cm in size as

AAMs are not easily detected early. The largest tumors found

in women and men, respectively, were 60 and 28 cm in size

(42, 43). Most tumors are ill defined, making complete

resection difficult and resulting in frequent local recurrence.

However, few tumors demonstrate partial or complete

encapsulation. In most cases, the cut surface was smooth,

homogeneous, soft, and gray, with few firm and cystic types
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FIGURE 3

The tumor cells are positive for (A) CD34, (B) desmin, (C) estrogen receptor (ER), and (D) progesterone receptor (PR) (immunohistochemical stain,
×200 magnification).
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(6). In the present case, the tumor was completely encapsulated,

with a maximum diameter of 13 cm, and had a smooth, gray,

soft cut surface.

Misdiagnosis in AAM is common because it can mimic

other diseases, including hydrocele, inguinal hernia, or

paratesticular neoplasia (4). Preoperative diagnosis is often

difficult and challenging because of the rarity of these tumors

and lack of specific imaging features (44). AAM is diagnosed

based on the histopathological examination of postoperative

specimens. The histopathological features of males with AAM

reported in literature are similar to those reported in classical

female cases. Microscopically, AAM comprises small-sized

spindle cells or stellate cells embedded in a loose myxoid

matrix with abundant collagen fibers and variably sized

vessels. Blood vessels ranging from capillary-like to thick-

walled vessels, which are the most prominent feature of AAM,

can be observed (46). In the present case, no evidence of

atypical mitotic activity or nuclear atypia was noted. While

hypercellularity, cytological atypia, abundant fibrosclerotic

stroma, and increased vascularity have been reported in

recurrent cases (2), in the present case, the classical

morphology was found. Immunohistochemical staining plays
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a crucial role in the diagnosis of AAM, although there is no

specific immunohistochemical marker of AAM. The

neoplastic cells of AAM are generally positive for desmin,

vimentin, SMA, CD34, ER, and PR but negative for S-100

and CK in female patients (47). Previous studies have shown

that ER and PR stains are generally negative in males with

AAM compared with females (37). However, in some cases

(including the present case), ER and PR may be expressed on

AAM tumor, which may provide a hormonal therapeutic

option (6). It is worth noting that the relationship of AAM

with hormone receptor expression in males has not been well

described, and more research is needed in the future. More

recently, high mobility group A protein 2 (HMGA2) was

revealed as a sensitive but not specific novel marker for AAM

diagnosis (48). While nuclear staining can be useful in cases

where cytoplasmic staining is nonspecific and of no diagnostic

importance (49), the present case was diagnosed without

HMGA2 staining considering the typical morphology of the

tumor.

AAM should be distinguished from angiomyofibroblastoma,

myxoid liposarcoma, myxoma, superficial angiomyxoma, and

myxoid neurofibroma. Angiomyofibroblastoma is a benign
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tumor that has recently been described as histologically similar to

AAM, with myofibroblastic cells clustered in abundant myxoid

stroma. This tumor contains several areas of hypo- and

hypercellular cells, often clustered around blood vessels.

Another key histological feature of angiomyofibroblastoma is

the presence of multinucleated giant cells (50). Myxoid

liposarcoma must be considered as a differential diagnosis

when tumor cells infiltrate adipose tissues. It can be easily

distinguished from AAM as myxoid liposarcoma is marked

with adipocytes set in abundant thin-walled vessels. Myxoma, a

benign tumor of the extremities, is characterized by an

abundance of myxoid stroma and benign spindle and stellate

cells surrounded by small blood vessels (and not blood vessels

of different sizes). Superficial angiomyxoma, also known as

cutaneous myxoma, usually occurs in the skin of nongenital

areas. Histologically, the tumor lacks thick-walled vessels and

the myxoid areas can form pools. With respect to the

immunophenotype, ER and PR are generally not expressed but

S-100 may be expressed in superficial angiomyxoma (51).

Myxoid neurofibroma is another AAM-resembling myxoid

tumor that commonly occurs in the extremities; however, the

clusters of wavy nerve tumor cells are usually strongly S-100

positive.

The surgical removal of AAM with clear margins is the

traditional treatment to prevent local recurrence. However, it

is not clear whether the recurrence rate is associated with the

surgical margin status (52). In women, the recurrence rates of

71%, 85%, and 94% have been observed within the first 3, 5,

and 7 years of local excision, respectively (53). As shown in

Table 1, 79 of the 85 male patients were followed-up after

surgery, and the data revealed only 4 recurrences (4.7%),

excluding 2 deaths (one died intraoperatively and one died

because of pulmonary tuberculosis). The patients with

recurrence were treated with wide excision, and the

procedures were performed 9 months to 7 years after first

surgery. Possible reasons for the lower local recurrence rate in

male patients are sample limitations or lower hormone

expression. It is generally known that AAM has no metastatic

tendency; however, two female patients (aged 63 and 27

years) showed metastasis to the lung (54, 55). By contrast, as

expected, no metastatic cases have been reported in males.

Moreover, owing to the low proliferative activity of AAM, the

role of radiotherapy and chemotherapy is unclear and limited.

In recent years, hormonal therapy has been considered an

adjunctive treatment for ER and/or PR positive female

patients with primary large mass or local relapse that is not

amenable to surgery (56). Unfortunately, it is not clear

whether the relapse rate is higher when hormone therapy is

discontinued (57). In the present case, only local resection

was performed, and although the patient was both ER and PR

positive, hormonal therapy was not advised as few data are

available on hormonal therapy in male patients with AAM.

Long-term follow-up surveillance is required because of the
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aggression and relapse characteristics of this tumor. At

present, the patient has been followed-up for 17 months

without any recurrence or metastasis.
Conclusion

In summary, a rare case of scrotal AAM was reported and

previously reported male cases with AAM were summarized.

In particular, the review revealed that the clinicopathological

characteristics of AAM in men are similar to those of AAM

in women, including the expression of ER and PR. This

provides an opportunity to treat such male patients with

hormone therapy. Moreover, the literature review revealed a

low recurrence rate (4.7%) in males after the surgical excision

of the tumor; however, more data are needed to confirm this

observation. Finally, AAM should be distinguished from

myxoid neoplasms in male genital areas.
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The ex-utero intrapartum
treatment (EXIT) strategy for
fetal giant sacrococcygeal
teratoma with cardiac
insufficiency: A case report and
review of the literature
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Tian Dong, Baihui Zhao* and Qiong Luo*
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Background: Antenatally diagnosed sacrococcygeal teratoma has been

associated with risks of perinatal complications and death, especially when

the foetus has symptoms of cardiac insufficiency, hydrops or anemia in utero;

however, the method of intervention remains controversial.

Case: A 25-year-old pregnant woman was found to have a cystic and solid

tumor in the fetal sacrococcygeal region at 16 weeks of gestation. As the

tumour grew, the mother developed polyhydramnios accompanied with

gestational diabetes. Fetal and tumorous hemodynamics were closely

monitored by ultrasound. Abnormal cardiac function was detected at 31

weeks’ gestation, and we creatively performed pre-emptive delivery through

the ex-utero intrapartum treatment with debulking. The teratoma was

removed with utero-placental circulation support. The operation proceeded

smoothly with favourable prognosis for both mother and newborn.

Conclusion: The ex-utero intrapartum treatment may improve the prognosis

for fetuses with heart failure when they reach viable gestation.

KEYWORDS

ex-utero intrapartum treatment (EXIT), sacrococcygeal teratoma (SCT), cardiac
insufficiency, fetal tumor, prenatal diagnosis
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Introduction

Sacrococcygeal teratoma (SCT) is the most common

congenital tumour in fetuses and neonates, with an incidence

of 1 in 40,000 live births (1). SCT diagnosed postnatally has been

associated with an excellent prognosis after surgical excision. In

contrast,the mortality excluding terminations in the fetuses with

prenatally diagnosed SCT ranges between 35% and 62%,

furthermore, for fetuses with tumor volume to fetal weight

ratio(TFR) >0.12 prior to 24 weeks gestation, more than 80%

of them have poor prognosis (2–4), especially in fetuses with

large tumours, rapid growth, and rich blood flow, is still related

to a high risk of death.

The two main pathophysiological mechanisms of perinatal

death in fetal SCT are the mass effect of the tumour, which can

result in preterm delivery or tumor rupture either prior to or at

the time of delivery, and the tumour vascular steal phenomenon,

which can lead to anaemia and high-output cardiac failure

caused by compensatory hypervolemia (5, 6). High-output

failure is a more common perinatal complication in clinical

practice, which may cause polyhydramnios, hydrops,

intrauterine fetal demise and preterm birth.

As a result, to avoid these risks, different surgical approaches

have been attempted including open fetal surgery and various

minimally invasive therapies, which we will elaborate later in the

literature review and discussion. All are aimed at interrupting

tumor perfusion, slowing tumor growth and halting or reversing

hydrops progression to get good outcomes. If fetal heart failure

occurs after viability, early delivery and timely surgery may be

the best option to avoid intrauterine death.

The aim of this paper is to demonstrate that a multidisciplinary

approach to these tumours with close ultrasound monitoring and

timely termination of pregnancy through ex-utero intrapartum

treatment(EXIT) may bring positive outcomes for both mother

and infant. And also we reviewd the literature regarding

therapeutic options in order to assist obstetricians with the

reasonable follow-up planning and decision making for

achieving a good prognosis for these rare high-risk tumours.
Case presentation

The case was a 25-year-old woman, gravida 2, para 0, with a

spontaneous abortion 3 years previously. She had no family

history of birth defects or genetic disorders, and she had no

alcohol or smoking habits. She had a normal first trimester scan at

12 weeks; however, a sonographic examination revealed a 32 × 22

× 33 mm exophytic, mixed echogenic mass arising from the

sacrococcygeal region at 16 weeks. The inner solid size was

approximately 23 × 23 × 16 mm, with high vascularization seen

on Doppler flow. No other abnormalities were detected, and non-

invasive prenatal testing was at low risk. The parents requested to

continue the pregnancy after being extensively counselled by our
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antenatal diagnostic centre regarding the diagnosis, treatment,

and prognosis of high-risk SCT. The tumour grew in parallel with

the foetus, measuring 107 × 106 × 93 mm and with

polyhydramnios (amniotic fluid index 25.4) appearing at 24

weeks. Furthermore, the mother developed gestational diabetes

with no other symptoms. Magnetic resonance imaging was

performed at 27 weeks (Figure 1). There was no evidence of

possible invasion to the foetal pelvis or abdomen. The intact spine,

foetal kidneys, and bladder were normal. Based on the MRI

findings, a diagnosis of type I in the Altman classification

was confirmed.

The gradual growth of the SCT was identified by weekly or

biweekly sonography, with no signs of foetal cardiac failure until

31 weeks and one day, and the foetal echocardiogram showed

that the combined cardiac output increased to 679 ml/kg/min,

accompanied by an enlarged cardiothoracic ratio and a full

dilation of the inferior vena cava. Multiple large blood vessels

arising from the middle sacral artery were supplying the

teratoma. Doppler ultrasound, echocardiography and MRI

findings are recorded in Table 1. Fortunately, the middle

cerebral artery-peak systolic velocity(MCA-PSV) was in

normal state all the time. Considering the possibility of foetal

heart failure, we conducted a multidisciplinary consultation to

avoid irreversible complications in succession. Thus, a

premature caesarean section and EXIT procedure were

scheduled at 32 weeks’ gestation.

A multidisciplinary team, including obstetricians,

anaesthesiologists, neonatologists, and assistant nurses, was

organised for the procedure. After combined epidural and

general anesthesia with sevoflurane inhalation was administered

as the primary anaesthetic technique, laparotomy was performed

with a classic Pfannenstiel approach considering the posterior

placenta. The uterine incisions were clamped to reduce bleeding.

Once the foetal head and neck were exposed, the uterine cavity

was filled continuously with warm physiological saline solution to

maintain an adequate uterine volume to avoid placental abruption

and compression of the umbilical cord (Figures 2A, B).

Meanwhile, IV nitroglycerin (NTG) was used to keep the uterus

adequately relaxed. Amniotic fluid was slowly released, and the

foetus was slowly delivered (Figure 2C). The placental circulation

was maintained for a total of 32 min until the intact teratoma was

excised without rupture (Figure 2D). Foetal health signs were

stable through SpO2 monitoring and foetal ultrasonography

during the entire operation. The newborn was then transferred

to the neonatal operating table for further suturing and evaluation.

The maternal perioperative blood loss was 700 mL, and gauze

filled in uterus was removed after 24h to prevent postpartum atony

and haemorrhage.

A male infant was born with an SCT of 200 mm in diameter.

The weight of the baby was 2200 g, and the teratoma weighed

2065 g. His Apgar score was 8-8. On account of premature

delivery, the baby was discharged 19 days after birth with normal

MRI results of the abdomen, cerebrum, and kidneys. During the
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TABLE 1 Measurements in the case.

EGA
weeks

Mass
volume ml

AFIcm CCO ml/kg/
min

cardiothoracic
ratio

Tei index of the left
ventricle

Tei index of the right
ventricle

S/D
ratio

Study

16 2/7 11.6 10.3 - - - - - US

20 3/7 39.8 15.4 - - - - 3.5 US

24 527.4 25.4 462 0.46 0.32 0.33 2.9 US
+echo

26 3/7 792.5 25.1 - - - - 3.2 US

27 824.5 10.9
(AFV)

- - - - - MR

28 5/7 1288.6 32.2 537 0.45 - - 2.3 US
+echo

31 1/7 1384.8 35.4 679 0.50 0.28 0.22 4.5 US
+echo

32 1413.2 33.5 705 0.52 0.38 0.43 4.7 US
+echo
Frontiers in
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EGA, Estimated gestational age; AFI, amniotic fluid index.
CCO, combined cardiac output ; S/D, systolic/diastolic ratio.
AFV, amniotic fluid volume; MR, magnetic resonance.
US, ultrasonography; ech, fetal echocardiography.
FIGURE 1

Magnetic resonance imaging was performed at 27 weeks. There was no evidence of possible invasion to the foetal pelvis or abdomen. The
intact spine, foetal kidneys, and bladder were normal. A diagnosis of type I in the Altman classification was confirmed. Ax DWI b = 600.
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hospital stay, the baby’s condition was stable, and there were no

tumour-related complications. Pathological findings revealed an

immature teratoma and no malignant elements. Comfortingly,

he showed normal development with good heart function and

no postoperative complications within 18 months. His mother

also did not suffer from postpartum bleeding or infection, and

she was discharged without any complications.
Literature review

With institutional approval, we described our experience

with operative treatment in a fetus with large cystic solid SCT
Frontiers in Oncology 04
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and cardiovascular compromise, and reviewed the literature

about the perinatal management and postnatal outcomes for

fetus with prenatally diagnosed sacrococcygeal teratoma with

cardiac insufficiency. We used a list of keywords: (fetal OR

prenatal OR antenatal OR fetus) AND (sacrococcygeal teratoma

OR sacro-coccygeal teratoma OR SCT) to search the Medline

and Cochrane Library computer databases from 2000 to 2020.

Only articles in English and cases of neonates or infants with

abnormity in hemodynamics were included. The treatment

procedure followed ethical principles and approval was

obtained from the Institutional Review Board. Written

informed consent was obtained from the couple before the

procedure and manuscript publication.
B

C D

A

FIGURE 2

(A) The simple homemade balloon. (B) Once the foetal head and neck were exposed, the uterine cavity was filled with a homemade balloon
continuously infused with warm physiological saline solution. (C) The newborn in posterior view with the presence of the sacrococcygeal mass
during the EXIT. (D) The placental circulation was maintained for a total of 32 min until the intact teratoma was excised without rupture. The
umbilical cord was cut immediately upon completion of the tumor debulking procedure.
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There are 6 published articles of SCT with operative

treatment for fetal giant sacrococcygeal teratoma with cardiac

insufficiency founded in literature search, which are case reports

or case series. The characteristics of the cases are summarized in

Table 2 (7–12).

The series of review comprised 27 fetuses with different

degrees of cardiac insufficiency. We reviewed a case of open fetal

surgery performed at 23 weeks’ gestation which rarely succeeded

after three failed cases (7). Even so, this successful case suffered

from premature rupture of membranes and uncontrollable

preterm labor at 28 weeks’ gestation. Fortunately, the fetus

survived and the routine SCT follow-up was normal. But the

majority of other fetuses were not so lucky and ended up with

unsatisfactory outcomes due to premature birth, infection,

embolism, etc. Therefore, in recent years, new interventions

have emerged for giant solid SCT, including ultrasound-guided

percutaneous radiofrequency ablation (including vascular

ablation and tissue ablation) and laser ablation. The fetal

survival rate with minimally invasive treatment was 40% (2/5),

but the surviving neonates suffered from long-term

complications such as chronic lung disease and developmental

delay (10).

In addition, early delivery and immediate resection for

fetuses with high-risk SCT have also been proposed (8, 12). In
Frontiers in Oncology 05
148
the literature we reviewed, 20 cases underwent premature

termination and postnatal tumor resection had a survival rate

of 55%(11/20), and 45% (5/11) of the neonates required

reoperation due to tumor-related complications (8, 9, 11, 12).

An EXIT procedure was performed in only one case at 27 weeks’

gestation, in which the fetus survived, but intraspinal metastasis

of the tumor resulted in central nervous system injury (8).
Discussion

With the improvement of prenatal diagnosis technology, the

incidence and detection rate of fetal sacrococcygeal teratoma

have increased gradually in recent years (13). Meanwhile, with

our further understanding of the disease, people no longer

blindly elect termination of pregnancy. However, prenatally

diagnosed SCTs are challenging to manage due to their

unpredictable nature. No uniform indications for prenatal

intervention for SCT have yet been established. According to

the summary of previous cases, in cases of singleton, normal fetal

karyotype, no other major malformations, evidence of high-

output heart failure, gestational age <30 weeks, type I or II, no

maternal risk factors for open surgery and contraindications to

anesthesia, open surgery may be attempted (14). But there are
TABLE 2 Overview of literature review of SCT with cardiac insufficiency.

Reference Cases Diagnosis
GA

Intervention
GA

Interventionmethod Histology Outcome Comments

Graf et al.
(7)

1 17 23 In utero SCT resection immature with
few malignant
yolk sac
elements

survived Cesarean section at 28 weeks’ gestation due to
uncontrollable preterm birth

Den Otter
(11)

1 27 27 Surgical tumor resection
on the second day of life

partly mature
and partly
immature

survived Defecation problems developed after 2 months.
A second resection of remnants of the SCT took
place.

Roybal et al.
(8)

8 18-28 26-31 Four underwent SCT
resection;
One EXIT

two immature;
two mature;
no data for the
rest

five NND;
three
survived

The only surviving patient delivered before 28
weeks underwent an EXIT procedure.

Goto et al.
(9)

1 23 27 Underwent SCT resection immature NND The day after birth the baby suffered non-
resuscitable cardiac and pulmonary arrest.

Van
Mieghem
et al. (10)

5 17-26 17-26 RFA; superficial laser;
interstitial laser

two immature;
no data for the
rest

one NND,
two IUFD,
two
survived

Three cases resulted in preterm labor within 10
days of surgery. One neonate died. Two
survived had long-term morbidity related to
prematurity.

Baumgarten
et al. (12)

11 19-30 27-32 Four underwent debulking
and complete resection at
2 months;
Five complete resection
after delivery;

no data two NND
nine
survived

One death was due to severe pulmonary
hypoplasia;
The second death was due to in utero tumor
rup-ture;
One patient required additional surgery due to
residual tumor, and another required additional
surgery for a persistent urogenital sinus.

Present case 1 16 32 EXIT Immature survived He has reached all age-appropriate
neurodevelopmental and motor milestones.
GA, gestational age; IUFD, intrauterine fetal death; NND, neonatal death; RFA, radiofrequency ablation.
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some common complications such as preterm birth, premature

rupture of membranes, and infection after open fetal surgery.

Besides, different methods of minimally invasive treatment do

not have good outcomes either. In fact, prognosis for these high-

risk tumors is uncertain once the fetus has symptoms of heart

failure and is in a gestational age that cannot survive after birth,

no matter it is open fetal surgery or intrauterine treatment.

In order to improve treatment outcome for such patients, it’s

not only required to modify intervention measures, but also

more about grasping the timing of intervention. Close and

dynamic monitoring of fetal hemodynamic changes largely

contributed to the success of our case. If there is obvious fetal

hydrops or even anemia, surgery may be difficult to reverse the

adverse situation.

Although the SCT was detected early in this case,

fortunately, the tumor didn’t grow unpredictably rapidly. With

our close monitoring, the incipient signs of fetal heart failure

were detected in time. As a result, we had to terminate the

pregnancy early and rapidly remove the tumour with placental

blood flow during delivery, so as to reduce the foetal cardiac load

and enable the newborn to establish a normal stable

cardiopulmonary circulation system. Theoretically, the foetuses

face risk of tumour rupture and bleeding during neonatal

transport, EXIT can reduce such risk. In particular, when the

foetus has heart failure, it can reduce the incidence of neonatal

cardiopulmonary collapse and a series of complications caused

by ischemia and hypoxia. EXIT is the most direct and rapid way

to break off the blood supply to the tumour and remedy high-

output heart failure. During the EXIT, a systematic anaesthetic

management can provide profound uterine relaxation,

continuous uteroplacental blood flow as well as foetal

anaesthesia. Due to the special surgical position of such

fetuses, the difficulty of endotracheal intubation increases

accordingly, and the implementation of EXIT greatly reduced

the possibility of fetal asphyxia caused by failure of intubation.

Moreover, the blood supply to the placenta can compensate for

foetal blood loss during tumourectomy. For example, one of the

high-risk SCT foals studied by Roybal et al (8) underwent the

EXIT procedure and survived after surgery. However, the

prognosis was poor due to massive invasion of the spinal canal

by the tumour. Due to the rarity and unpredictability of SCT,

EXIT has rarely been used to treat SCT successfully.

Nevertheless, our case report illustrates the successful use of

EXIT on fetus with heart failure.

From the above case, it can be concluded that compared with

traditional neonatal surgery, EXIT can allow early intervention

and safe delivery of patients with SCT. In addition, anaesthesia

and foetal ultrasound monitoring during EXIT are conducive to

safe and effective operation. The foetal surgical incision is small

or does not result in scar formation (15). In comparison with

intrauterine surgery, EXIT can avoid the risks such as

intrauterine infection, placental abruption, very early
Frontiers in Oncology 06
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premature rupture of membranes and premature delivery.

Comfortingly, it can greatly reduce the mental trauma for the

family, and its acceptance by patients is higher than that of

intrauterine surgery. However, the amount of maternal blood

loss during EXIT is higher than that during general caesarean

section. MacKenzie et al (16) summarised 31 cases of EXIT and

reported that the maternal blood loss was 843 ± 574 mL, which

was higher than that during general caesarean section. EXIT may

also increase the risk of maternal infection and prolong

postpartum recovery time. Hopefully, adverse outcomes will

decrease with the application of new surgical instruments and

the improvement of techniques (17), such as uterine staplers or

modified staplers to avoid the potential of hemorrhage from the

relaxed uterus during EXIT and intraoperative uterine packing

to prevent postpartum hemorrhage. In addition, the maternal

complications associated with EXIT procedures are manageable;

indeed, these adverse outcomes had no effect on maternal

recovery in our case. Future improvement should be focused

on reducing the blood loss associated with the uterine incision,

shortening the operation time, and controlling the speed of

amniotic fluid loss.

In conclusion, the fetus with giant SCT and heart failure

generally has a poor prognosis, so close monitoring by

multidiscipline team is critical. When the fetus reaches viable

gestation, EXIT procedure would be a good option to improve

maternal and perinatal outcomes.
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Background: Choriocarcinoma is a malignant tumour of trophoblastic origin.
Most are gestational choriocarcinomas, which usually occur in women with
an epithelial origin of the placental chorionic villi and are associated with
pregnancy. It mainly originates in the gonads such as the ovaries and testes.
However, it rarely occurs in the stomach and is known as primary
choriocarcinoma (PGC).
Case presentation: A 69-year-old man complained of abdominal distention for
3 years, which worsened 1 week later. Gastroscopy showed chronic atrophic
gastritis C1 (C1: indicates atrophic gastritis involving the sinus region); the
pathology report of the gastroscopic specimen showed high-grade epithelial
tumours in the mucosal glands. We diagnosed an occupying lesion in the
stomach and performed a laparoscopically assisted distal gastrectomy and
Billroth type 1 anastomosis. Postoperative pathology showed “gastric
choriocarcinoma with cancerous tissue invading the entire gastric wall”. The
patient was discharged on the 11th postoperative day as there were no
postoperative complications. The patient was followed up until June 2022
with a good recovery and no recurrence.
Conclusion: We encountered a case of Primary Gastric Choriocarcinoma,
where the cancerous tissue invades the full thickness of the gastric wall.

KEYWORDS

choriocarcinoma, primary gastric choriocarcinoma, pathology, treatment, case report

Background

Choriocarcinoma is a malignant tumour of trophoblastic origin (1). The vast

majority of choriocarcinomas are associated with pregnancy, most commonly in the

uterus, and originate mainly in the ovaries, testes and other gonads. However,

primary gastric choriocarcinoma is is a rare malignancy, accounting for approximately

1% of gastric cancers (2, 3). Here, we report a case of primary gastric

choriocarcinoma in which cancerous tissue invaded the entire gastric wall.
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Case report

A 69-year-old male presented to our hospital complaining

of abdominal distension and discomfort for 3 years,

worsening for 1 week. His medical history included chronic

appendicitis and he had undergone an appendectomy 2 years

ago. Recently, there was no significant change in weight. One

week ago, the patient felt a marked increase in abdominal

distension and pain, mainly in the upper and middle

abdomen, and presented to our hospital. The results of the

examination were as follows: normal vital signs, fecal occult

blood test (++), ALB: 33.05 g/L, Hb: 96 g/L and HCG-β:

66.12 mIU/ml. Liver and kidney function, electrolytes and

blood glucose were normal. Abdominal Doppler ultrasound

showed a solid mass in the upper abdomen, which was

suspected to be gastric cancer (Figure 1A). Gastroscopy

revealed chronic atrophic gastritis stage C1 (C1: indicates

atrophic gastritis involving the gastric sinus region)

(Figure 1B). Pathological examination of the specimen taken

under gastroscopy revealed high-grade intraepithelial

neoplasia in the (sinus) mucosal glands (Figures 2A–D).

Tumour marker examination showed normal tumour series

CEA, AFP and CA199 except CA72-4: 10.07 U/ml (0–6 U/ml).

MRI of the abdomen showed that the gastric sinus was

occupied, with the main lesion located outside the gastric wall

(Figure 3A). Biopsy consultation at another hospital showed a

moderate chronic mucosal inflammation with mild intestinal

metaplasia. Considering the patient’s current relevant

investigations and findings, we considered a gastric occupying

lesion (suspected mesenchymal tumour). The patient was

stable and had clear indications for surgery. We therefore

performed a laparoscopic-assisted distal gastrectomy and a

Billroth type 1 anastomosis. The postoperative gross specimen

showed a mass measuring approximately 9 cm × 7 cm × 6 cm,
FIGURE 1

(A) Doppler ultrasound:upper abdominal solid mass. (B) Gastroscopy: chroni
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which was reddish-grey in section, suggestive of solid soft

tissue (Figures 4A,B). Pathology of the postoperative

specimen showed PGC cancerous tissue invading the entire

gastric wall (T4aN0M0). Metastases were found only in the

vascular system and no other system had been identified. No

tumour was found at either side of the resection margins.

Microscopic examination showed marked tumour

heterogeneity with visible cancerous areas, tumour cells of

variable size, ovoid or polygonal in shape, with clear, lightly

stained or granular cytoplasm, a single vacuolated nucleus

with a distinct nucleolus, many nuclear fission signs, some

cells could appear multinucleated, with abundant cytoplasm

and large nuclear heterogeneity. The cells are of

cytotrophoblastic and syncytial trophoblastic origin and are

devoid of villous structures (Figures 4C–F).

Immunohistochemistry showed CD10 (+) (Figure 5A), ck8/

18 (+) (Figure 5B), CK19 (+) (Figure 5C), CKP (+)

(Figure 5D) and a Ki-67 labelling index of 60% (+)

(Figure 5E). Histochemical staining showed PAS (+)

(Figure 5F), while immunohistochemistry showed positive

for HCG antibodies (Figure 6). A postoperative blood

HCG-β (β-human chorionic gonadotropin) test was

performed at 66.12 mIU/ml, followed by cranial MRI and

chest and abdominal CT, which showed no signs of distant

metastases. The diagnosis of PGC was now almost clear.

The patient was discharged on the 11th postoperative day

and was followed up until June 2022, with good recovery

and no recurrence.
Discussion and conclusions

Primary gastric choriocarcinoma was first described by

Davidsohn in 1905 (4) and accounts for approximately 0.8%
c atrophic gastritis C1: gastric antrum mass (to be examined).
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FIGURE 2

Pathological examination of the specimen taken under gastroscopy revealed high-grade intraepithelial neoplasia in the (sinus) mucosal glands
(arrow). (HE×100).

FIGURE 3

(A) The gastric antrum occupies space, the main lesion is located outside the gastric wall. (B) Patient’s preoperative CT showed obvious lesions.
(C) Postoperative CT of the patient showed significant resection of the lesion.

Xusheng et al. 10.3389/fsurg.2022.1009119
of all gastric cancers (5). PGC is most commonly seen in older

men, with a male to female ratio of 2.3:1 (6). The tumour is

mainly located in the gastric sinus, followed by the gastric

body and least in the cardia (7, 8). The clinical presentation is

similar to that of gastric adenocarcinoma, with only 25% of

patients developing choriocarcinoma (9). However, primary

gastric choriocarcinoma is more likely to cause gastrointestinal

bleeding than other tumours (10). Very few cases of primary

gastric choriocarcinoma have been reported in China, most of
Frontiers in Surgery 03
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which are associated with elevated serum β-HCG (human

chorionic gonadotropin) levels, nausea, vomiting and

gynaecomastia (7). The pathogenesis of the disease is unclear

and several theories exist. The most accepted mechanism is

Pick’s theory of dedifferentiation, which states that primary

gastric choriocarcinoma originates from the reverse

differentiation of gastric adenocarcinoma. This theory suggests

that existing gastric adenocarcinoma cells differentiate into

embryonic stages and become trophoblast cells, which in turn
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FIGURE 4

(A,B) Specimen: the size of the mass is about 9 cm × 7 cm× 6 cm, and the surface of the slice is red and gray, indicating solid, soft tissue. (C-F)
Primary choriocarcinoma of the stomach, with Ovoid or polygonal, with hyaline, lightly stained or granular cytoplasm and a single vacuolated
nucleus (HE ×100).

FIGURE 5

Immunohistochemistry: CD10 (+) (A), ck8/18 (+) (B), CK19 (+) (C), CKP (+) (D) and Ki-67 labelling index of 60% (+) (E) (HE ×200). Histochemical
staining: PAS (+) (F) (SP ×200).
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differentiate into choriocarcinoma (11). Its diagnosis remains

very difficult. The diagnosis of PGC must be made with great

caution and the following conditions must be met: firstly, the

presence of a tumour in the stomach must be excluded from

any other occult primary site; secondly, the morphology of
Frontiers in Surgery 04
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the tumour is similar to that of choriocarcinoma in other sites

and the tumour cells express HCG by immunohistochemistry;

and finally, HCG is elevated in serum and urine

preoperatively but decreases to normal levels after gastrectomy

and chemotherapy. Therefore, when preoperative gastroscopy
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FIGURE 6

Immunohistochemistry: HCG(+) (SP ×100).
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reveals a malignant gastric ulcer, a tissue biopsy is required to

improve the preoperative diagnosis. The diagnosis of primary

gastric choriocarcinoma is then made postoperatively based

on pathological features and immunohistochemical findings.

In this case the preoperative gastroscopic pathology showed

only high-grade intraepithelial neoplasia of the mucosal

glands, yet the postoperative pathology report showed gastric

choriocarcinoma. The serum HCG level decreased from

66.12 miu/ml postoperatively to 42.86 miu/ml (one week

postoperatively). We then performed various imaging

examinations such as cranial MRI and chest CT to exclude

other tumours. We eventually combined the imaging findings,

postoperative pathological features, immunohistochemical

results and serological tests to make a final diagnosis of

primary gastric choriocarcinoma. Its histopathology was rapid

in most patients with PGC, with a poor prognosis. Most

patients survive for 6 months (12) and usually die of blood

transmission within the first year of diagnosis. Lymph nodes,

liver, peritoneum and lung are common sites of metastasis

(5). Poor prognostic factors affecting overall survival are

mainly liver metastases, which usually lead to liver failure,
Frontiers in Surgery 05
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residual tumour after surgery, and lack of chemotherapy (13).

Due to its combination of gastric and choriocarcinoma

characteristics, there is no standard treatment protocol. For

early stage patients, postoperative chemotherapy is the

treatment of choice after gastrectomy and lymph node

dissection (13). For patients with locally advanced disease,

systemic chemotherapy can be followed by radical

gastrectomy combined with postoperative chemotherapy. For

patients with advanced cancer, systemic chemotherapy is

primarily used. Previous case reports have described (5) the

use of VIP, BEP (bleomycin, etoposide, and cisplatin), EMA/

CO (eto-poside, methotrexate, actinomycin D,

cyclophosphamide, and vincristine), and fluorouracil plus

cisplatin, but their efficacy was poor. However, Ceilesh A

et al. (2) found that VIP chemotherapy regimens were

effective in the early treatment of metastatic primary gastric

choriocarcinoma. Picazo (14) found that two patients who

received chemotherapy had a mean survival of 120 days.

Monitoring of serum HCG levels may help to assess the

effectiveness of treatment and tumour recurrence. As a rare

disease, PGC is particularly important to diagnose early and
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accurately through various tests as its clinical presentation is

very similar to that of other tumours. To date, there is no

standard treatment for patients with PGC, so it is important

to explore standard treatment options. In this case, the

postoperative blood HCG-β test was 66.12 mIU/ml: since

then, the HCG-β level has been measured regularly (1 week

postoperative: 42.86 mIU/ml; 2 months postoperative:

15.56 mIU/ml), showing a gradual decrease and a stable trend,

and together with imaging examinations (cranial MRI, chest

and abdominal CT), suggesting that there are no signs of

recurrence or metastasis, but close follow-up is still needed.

The patient should be followed up closely.
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Case report: Surgical resection
of a retro-hepatic
leiomyosarcoma involving atrial
reconstruction, cardiopulmonary
bypass, ex vivo tumor resection,
and liver re-implantation
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Introduction: Leiomyosarcomas (LMS) involving the inferior vena cava (IVC) is a
clinically rare entity, accounting for approximately 0.5% of all adult sarcomas.
Case presentation: A 67-year-old male presented to the emergency
department with mild back and lower abdominal pain. During the workup, a
computed tomography scan without contrast showed an area of decreased
attenuation within the liver adjacent to the intrahepatic IVC. Magnetic
resonance imaging confirmed the involvement of the retro-hepatic IVC;
biopsy confirmed the diagnosis of LMS. Given the location of the involvement
of the retro-hepatic IVC, liver explantation was deemed necessary for
adequate tumor resection. The superior extension of the tumor toward the
heart necessitated Cardio-Pulmonary (CPB). The patient successfully
underwent a complex surgical procedure involving liver explantation with ex
vivo back-table resection of the retro-hepatic LMS, replacement of the retro-
hepatic vena cava with a ringed Gore-Tex graft, liver re-implantation, and
hepatic vein-atrial reconstruction under cardiopulmonary bypass. There were
no intraoperative or post-op complications.
Discussion: The role of vascular reconstruction of the IVC varies depending on the
level and extent of the tumor, with options ranging from primary repair, ligation, or
reconstruction dictated. Surgical resection with negative margins remains the
treatment of choice due to the lack of efficacy of adjuvant therapies.
Importantly, liver explantation offers a chance for complete surgical resection
and reconstruction. Similarly, the complex nature of the tumor necessitated a
pioneering approach involving direct hepato-atrial venous anastomosis.
Conclusion: To the best of our knowledge, this is the first reported case in which
the hepatic veins were anastomosed directly to the right atrium while also
replacing the native vena cava with a separate graft.
Abbreviations

IVC, inferior vena cava: the major and largest vein coming up from below the heart; LMS,
leiomyosarcomas: an uncommon type of cancer originating from smooth muscle tissue.
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Introduction

Retro-hepatic inferior vena cava (IVC) leiomyosarcoma is a

rare condition with special anatomic considerations that make

resection and reconstruction difficult. Case reports detailing

successful tumor removal are few (in the hundreds), speaking

to the condition’s rarity and the expertise required to perform

a successful resection (1, 2). The techniques of resection

described in the literature include:

• En-bloc liver and IVC resection.

• Resection of the retro-hepatic IVC with or without

reconstruction.

• Chemoradiation therapy.

Of these, the most efficacious treatment is surgical resection,

which confers a long-term survival benefit (3). We describe

herein an ex vivo, retro-hepatic vena cava excision with liver

re-implantation and reconstruction of the IVC, including a

novel method of hepatic vein grafts to an atrial anastomosis.
Case description

Pre-operative patient evaluation

A 67-year-old male patient presented to his local emergency

department for evaluation of lower abdominal pain. He was

prescribed antibiotics with minimal relief. Upon return for re-

evaluation, a CT scan found him to have a large retro-hepatic

mass involving the IVC. An abdomen MRI then uncovered

findings concerning sarcoma of the retro-hepatic IVC

(Figure 1). A biopsy confirmed the diagnosis of

leiomyosarcoma.

The patient was referred to our surgical oncology clinic,

where he received a physical exam, which resulted in

unremarkable showings; he denied any lower extremity

swelling and was found without signs or symptoms of IVC

compression. The consulted cardiac surgeons obtained a

negative cardiac catheterization. A CT of the chest did not

show metastatic disease. The clinic offered total liver

explantation with back-table resection of the retro-hepatic

IVC and tumor with a subsequent liver re-implantation on

cardiopulmonary bypass.
FIGURE 1

Pre-operative MRI showing involvement of the retro-hepatic IVC by
leiomyosarcoma (red arrow). IVC, inferior vena cava.
Intraoperative management

The surgeons performed a sternal incision, isolated the

intrapericardial IVC, and then extended the incision to below
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the umbilicus. After liver mobilization and gallbladder

removal, the common duct, cystic artery and duct were ligated

and divided. Dissection of the hepatic artery followed in the

operation and moved to ligation and division of the

gastroduodenal artery. The portal vein was then dissected in

preparation for veno-venous bypass. For explantation, the IVC

was mobilized completely out of the retroperitoneum.

The patient was then placed on full cardiopulmonary bypass

to excise the liver and vena cava. Each was excised from above

the renal veins to below the atrium, before being taken to the

back-table for tumor resection. At that point, the patient was

placed on portal venous bypass, which was connected to the

cardiopulmonary bypass circuit. The leiomyosarcoma was

circumferentially dissected en-bloc with the IVC, leaving only

the origins of the right hepatic vein and the confluence of the

middle and left hepatic veins (Figures 2A,B). The cardiac

surgeons anastomosed a 20 mm ringed Gore-Tex (GTX)

interposition graft from above the renal veins to the IVC,

below the diaphragm. They completed the in situ native vena

reconstruction during back-table work.

After completing the IVC tumor resection, two separate,

non-ringed 20 mm GTX grafts were utilized to reconstruct the

hepatic veins before re-implantation. One graft was sewn to

the origin of the right hepatic vein, and a separate graft was

sewn to the confluence of the middle and left hepatic veins.

These two grafts were then joined together to allow a single

anastomosis directly to the right atrium anterior to the

previously placed vena cava ringed GTX graft. Next, the

surgeons removed the patient from the portal venous bypass.

They re-anastomosed the portal vein end-to-end and perfused
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FIGURE 2

(A) Shows explanted liver on the back-table where the inferior IVC and leiomyosarcoma are being resected. (B) Shows the resected leiomyosarcoma
and IVC. IVC, inferior vena cava.

FIGURE 3

(A) Axial images showing the native vena cava GTX graft (posterior) (yellow arrow) and the two anterior hepatic vein GTX grafts (dotted green ellipse).
(B) Coronal images showing the native vena cava graft (medial) and one of the hepatic vein GTX grafts (lateral). GTX, Gore-Tex.
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the liver thereafter. The patient was able to be weaned from

cardiopulmonary bypass at this time.

The procedure moved to hepatic artery anastomosis in

another end-to-end fashion at the level of the gastroduodenal

artery. Protamine was administered, and the patient was

decannulated. After achieving meticulous hemostasis, the

biliary anastomosis was performed end-to-end over a biliary

stent. A segment of the patient’s pericardium was harvested

and utilized to patch the diaphragmatic opening triangularly,

preventing compression of the GTX venous grafts. Last, the

surgeons placed bilateral chest tubes along with an abdominal

Blake drain in the patient prior to closing the pericardium,
Frontiers in Surgery 03
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chest, and abdomen. The transesophageal echocardiogram

revealed normal biventricular function. A total of one unit of

packed red blood cells and one unit of cryoprecipitate were

administered throughout the procedure.
Post-operative care

The patient was extubated on the first post-operative day.

His chest tubes were removed on the third post-operative day,

and the intra-abdominal drain was removed on day 4. He was

discharged home in stable condition on day 5. Other than
frontiersin.org

https://doi.org/10.3389/fsurg.2022.1037312
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 4

(A) Intraoperative view of the various graft reconstructions. Dotted green arrow= site of hepato-atrial anastomosis; dotted yellow circle = region of
excised tumor; solid black arrow= vena caval GTX graft. (B) Vena caval graft (solid black arrow) before liver re-implantation. GTX, Gore-Tex.
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intractable singultus, the hospital stay was usual. The patient’s

3-month follow-up visit was unremarkable, as well as his 3-

month post-operative abdominal and chest CT scans

(Figures 3A,B).
Discussion

Leiomyosarcomas (LMS) are classified as malignant

neoplasms involving mesenchymal smooth muscle cells found

within the vasculature, gastrointestinal tract, and portions of

the genitourinary system. LMS originating from the IVC is

extremely rare, representing 0.5% of all diagnosed sarcomas

(estimated incidence of 1/100,000) (4). According to Roland

et al., 5-year disease-specific survival rates after tumor

resection were 65% (5). A retrospective chart review by

Teixeira et al. compiled a range of 31%–66.7% for post-

resection cava leiomyosarcoma patients (6).

The most common presentation of retro-hepatic cava

leiomyosarcoma is abdominal pain; other regularly presenting

symptoms are non-specific and include weight loss and
Frontiers in Surgery 04
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fatigue. Site-specific presentation is typically due to venous

outflow obstruction (7). Leiomyosarcoma of the IVC is

stratified by location into segments I–III:

• Segment I involves the IVC inferior to the renal veins; lesions

can cause nephrotic syndrome due to compression or

occlusion of the renal vein(s).

• Segment II involves the IVC from the renal veins to the

hepatic veins; lesions are typically asymptomatic and are

the most common.

• Segment III involves the IVC superior to the hepatic veins.

Segment III leiomyosarcoma can present with cardiac

arrhythmia and Budd-Chiari syndrome (8, 9). (In all cases,

there is an additional risk of lower extremity edema).

The main treatment of IVC leiomyosarcoma is surgical;

however, resection and reconstruction techniques vary and are

dependent on several factors (10). Surgical techniques include

excision of the IVC, explantation of the liver with resection of

the cava, resection of the cava utilizing total vascular

exclusion with hypothermia, and liver transplantation with or

without reconstruction of the IVC (2, 8, 11, 12). If resection
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is performed, reconstruction of the IVC may or may not be

necessary, depending on the degree and duration of

obstruction and the presence of venous collaterals (2, 13).

In our case, the lack of radiographically significant local

invasion of the patient’s segment II tumor made the ex vivo

approach to expose and resect the lesion a viable option. This

option facilitated an end-to-end vena cava prosthetic graft

anastomosis. Furthermore, the hepatic veins were amenable to

anastomosis directly to the atrium. Through our literature

review, this hepatic vein GTX conduit to atrium anastomosis

appears to be a novel method of reconstruction not previously

described. This pioneering approach to anastomosis was

necessary for practical reasons. Because of the involvement of

the hepatic veins by the leiomyosarcoma, the confluence of the

hepatic veins had to be resected and reconstructed with two

GTX grafts (one to the right and one to the confluence of the

middle and left). The native vena cava between the renal veins

and the atrium also required resection; this was subsequently

reconstructed with a GTX graft in the heterotopic position. To

reimplant the joined hepatic vein grafts into the vena, the caval

graft would have required lengthy extensions to the hepatic

vein grafts. To reach the vena caval grafts, the hepatic vein

grafts would have to have been angled significantly posteriorly

and would have been in danger of kinking with subsequent

thrombosis. The atrial anastomosis was a straight shot for this

anastomosis which allowed a much shorter length of hepatic

vein GTX grafts and eliminated the risk of kinking/thrombosis.

Intraoperative images shown in Figure 4 highlight further

details of the reconstruction.

Chemotherapy, which was previously thought to be of

limited benefit in the treatment of cava leiomyosarcoma, has

now been shown to have increased efficacy in the modern area

of chemotherapeutics. Squires et al. performed a single-center

experience evaluating neoadjuvant and adjuvant chemotherapy

in patients diagnosed with cava leiomyosarcoma. They found

that out of 11 patients evaluated, two were able to convert

from an unresectable disease to an R1 resection with the

addition of neoadjuvant tyrosine kinase inhibitor-based

chemotherapy. Additionally, through proteomic analysis,

MYH11 also emerged as a potential diagnostic marker (14).

Hines et al. noticed that in a single-center review when patients

were treated with multimodality therapy (radical resection,

radiation, or chemotherapy), the 10-year survival of IVC

leiomyosarcoma was greater than leiomyosarcoma of the

stomach, small intestine, retroperitoneum, or uterus (15). The

role of radiation therapy and chemotherapy is difficult to fully

characterize due to the rarity of the disease and the lack of

ability to perform a randomized control trial.

The patient remains grateful for the procedure and

continues to do well following surgery. Recently, he started

showing radiological signs of metastatic disease following the

discovery of a lung mass, but appreciates that the surgical

resection and reconstruction have not only enhanced his
Frontiers in Surgery 05
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quality of life, but have also potentially helped increase his

overall survival. In his words, “The surgical team helped me

enjoy a memorable Christmas with my family, that is what

it’s all about!”
Conclusion

The challenging anatomic considerations involved in

treating IVC LMS have led to numerous techniques for

resection and reconstruction. However, no significant

difference in disease-free survival has been noted based on

excision or reconstruction techniques, allowing the surgeon to

tailor the treatment with considerations for disease

progression, local invasion, and surgeon expertise.
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Case report: A mesocolic
lymphangioma in a
14-year-old child resected
by laparoscopic surgery
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Introduction: Cystic lymphangioma is a benign malformation tumor of the

lymphatic system. Its location is variable, and mesocolic localization remains

extremely rare.

Case presentation: We report a case of right mesocolon giant cystic

lymphangioma in a previously healthy 14-year-old boy who was successfully

managed through a minimally invasive laparoscopic excision. The patient

presented with 8 months of dull abdominal pain, sporadic, located on the

peri-umbilicus, exacerbated for a month. An abdominal computed

tomography (CT) revealed a large, multiseptated cystic mass on the right

mesocolon. Right mesocolic excision using a laparoscope was performed on

this patient. He was discharged on the fifth day without complications.

Recurrence was not detected in three months of follow-up.

Conclusion: Cystic lymphangiomas in the mesocolon are rare benign

neoplasms that pose diagnostic challenges. Complete resection is the

optimal option for diagnostic confirmation and recurrence prevention.

Laparoscopic surgery is feasible for children with mesocolic lymphangioma.
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mesocolon, cystic lymphangioma, case report, laparoscopic surgery, literature review
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Introduction

Cystic lymphangiomas (CLs) are uncommon, benign

malformations of the lymphatic system (1), which primarily

occur during childhood, more than 80% of cases appear before

the age of two (2). Most are located in the head-neck region

(75%), and axilla(20%), while rarely arise in the abdomen (3).

Abdominal cystic lymphangiomas (ACLs) constitute less than

5% of all cystic lymphangiomas (4), with the most common

location in the mesentery and retroperitoneum and

exceptionally rare in the mesocolon (5).

The clinical feature varies from incidental findings on

imaging to acute abdomen mimicking a variety of pathologies

including appendicitis, pancreatitis, and even malignancies (6).

Due to their low frequency and acute abdominal condition,

preoperative diagnosis remains challenging (7).

Herein, we describe a case of mesocolic cystic lymphangioma

presenting with recurrent dull abdominal pain, in which

laparoscopic surgery was performed successfully. Moreover, we

updated the clinical features of this rare disease through a

literature review. To our knowledge, our review contains the

largest case series of mesocolic cystic lymphangioma to date.
Case presentation

This study was reported under the principle of the CARE

guideline (8). On April 18, 2022, a 14-year-old male was referred

to West China Hospital for further investigations regarding the

diagnosis of an intraabdominal mass. He had been experiencing

recurrent dull abdominal pain for 8 months, which became

aggravated one month ago. Persistent pain concentrated around

the umbilicus for 1 to 2 hours, with gradual relief after resting.

Any concomitant symptom, including fever, chill, vomiting,

nausea, melena, and diarrhea, was denied. The patient

reported unremarkable past medical history and family

medical history. Physical examination revealed a palpable mass

extending from the epigastric to the hypogastric region,

particularly on the right side of the umbilicus. Neither routine

laboratory investigations nor tumor marker testing revealed any

abnormalities (Table 1). Computed tomography (CT) showed a

clumpy cystic low-density lesion on the right mesocolon

(maximum cross-section,7.8×5.1cm). No enhancement was
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observed on contrast-enhanced CT, and the adjacent

mesangial lymph nodes were slightly enlarged, suspecting a

cyst lymphangioma (Figure 1). To confirm the diagnosis and

relieve symptoms, a laparoscopic operation was performed on

April 25, 2022.

Under general anesthesia, a laparoscopic procedure was

performed by transperitoneal approach. The patient assumed a

supine position. A Veress needle was used to establish

pneumoperitoneum, maintaining a constant pressure at 13

mmHg. Two 12-mm trocars were respectively inserted on the

right and left side of the abdomen, 5cm below the umbilicus. The

operation was carried out using an ultrasonic surgical aspirator

(CUSA; Cavitron Laser-sonic Corp., Stamford, Connecticut,

USA), harmonic scalpel (Ethicon Endo-Surgery, Inc., Blue

Ash, Cincinnati, OH, USA), and a bipolar clamp coagulation

system (ERBE, Tubingen, Germany). A large cystic mass covered

the right mesocolon was found intraoperatively. The upper

margin of the lesion reached the descending part of the

duodenum, and the lower margin reached the beginning of

the right common iliac artery. The lesion was carefully isolated

from the surrounding tissue and then stripped from the

capsule through blunt dissection. Colonic resection was not

done. Tumor was completely excised and the resection

specimen was collected in a plastic bag and removed via

a 5-cm subxiphoid incision. After ensuring that there was

no active bleeding in the abdominal cavity, a drainage

tube was placed in the retroperitoneal space. At the end of

the procedure, instruments were counted, trocars were removed,

pneumoperitoneum was evacuated, and the incisions were

sutured. The operation took 135 minutes and the blood loss

was estimated at 20ml.

Gross specimens showed that the mass was measured at

8×7cm with line-like septal shadow, irregular shapes, and mainly

cystic components. The cyst wall was irregularly thickened with

clear and transparent cyst fluid. Histological analysis confirmed

the final diagnosis of mesocolic cystic lymphangioma (Figure 2).

The patient had no postoperative complications and

abdominal pain symptoms disappeared dramatically after the

procedure. He recovered uneventfully following the surgery and

was discharged home on the fifth postoperative day. He and his

family were satisfied with the outcome and receptive to the

follow-up recommendations. No evidence of recurrence was

found during the 3-month follow-up period.
TABLE 1 Measurement of plasma tumor markers on April 22, 2022.

Patient values Units Ref Range Status

CEA 1.19 ng/mL <5 –

CA199 <2.00 U/mL <30 –

CA125 13.30 U/mL <24 –

AFP 1.49 ng/mL <7 –
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Discussion

Lymphangiomas are rare benign lesions that can be

categorized as capillaries, cavernous, or cystic based on

histological characteristics (3). Lymphatic system obstruction

during embryological development causes congenital

lymphangiomas, although the precise cause remains unclear.

Several chromosomal abnormalities are linked to cystic

lymphangiomas, including trisomies 13, 18, and 21, Noonan

syndrome, Turner syndrome, and Down syndrome (9). In
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addition to the delayed proliferation of congenital tumors,

acquired lymphangioma in response to stimuli, such as

infection, local trauma, surgery, or radiation therapy may also

explain the occurrence in the adult population (10). Our patient

developed chronic abdominal pain for the first time after

attaining an adolescent age, without any acquired etiology.

Cystic lymphangioma is diagnosed usually under the age of

two (80%–90%) with an incidence of 1.2–2.8 per 100,000

children (11) and is even rarely seen during adulthood. It most

generally occurs in the head, neck, and axillary region, due to the
FIGURE 2

HE stains in (A) 40× view and (B) 200× view. Histology of lymphangioma. The cystic wall consisted of fibroconnective tissue accompanied by
dilated lymphatic spaces and lymphoid cell aggregations in the endothelial lining of lymphatic vessels (A) H&E ×40, (B) H&E ×200.
FIGURE 1

Computed tomography showed a large cystic mass.
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TABLE 2 A summary of reported mesocolic lymphangioma, arranged by year.

First Year Country Size (cm) Sex Age Location Histopathological Operation Hospital Chief complaint DiagNostic
imaging

Follow-
up

Recurrence

abdomiNRl pain CT 3months No

abdomiNRl pain CT 3months No

abdomiNRl pain and fever X-ray\US\CT NR NR

abdomiNRl pain US\CT NR NR

abdomiNRl distension CT NR NR

abdomiNRl pain and fever CT 1 year No

abdomiNRl pain US\CT 1 year No

abdomen pain and
distention

US\CT 2 year No

abdomiNRl pain CT 2year No

abdomiNRl pain US\CT 2 year No

asymptomatic CT 1 year No

abdomiNRl pain MRI NR NR

abdomiNRl pain and
distension

US\CT NR NR

abdomiNRl pain CT NR NR

abdomen pain and
distention

US\CT NR NR

abdomiNRl distention and
respiratory distress.

US\CT NR NR

abdomiNRl pain X-ray\CT NR NR

Severe anemia with
gastrointestiNRl bleeding

CT\MRI NR NR

(Continued)
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Current case 2022 ChiNR 8.0 × 7.0 M 15 right
mesocolon

benign laparoscopic 5 days

Tuan NR 2021 Viet NRm 15.2 × 16.8 ×
3.2

F 15 right
mesocolon

benign Open 5 days

Abdulraheem
AK

2021 Jordan 8.0 × 5.0 × 4.0 F 1-year 9-
month-old

left
mesocolon

benign Open 5 days

Guachilema
Ribadeneira A

2020 Ecuador 11×8.2 ×7.6 F 60 sigmoid
mesocolon

NR Open 3 days

Bang GA 2019 Cameroon 33 ×30×25 F 46 transverse
mesocolon

benign Open 5 days

Hirata Y 2017 Japan 3 M 33 left
mesocolon

NR Open 15days

NRganuma H 2017 Japan 24×14 F 24 right
mesocolon

benign Open NR

NRganuma H 2017 Japan 13×10 M 55 sigmoid
mesocolon

NR Open NR

Shah A 2014 Ireland 6×4.5 ×2.5 F 33 mesocolon NR laparoscopic 5 days

Bhandarwar
AH

2013 India 5 × 6 F 42 sigmoid
mesocolon

benign laparoscopic 1 days

Kambakamba
P

2012 Switzerland 34×17×25 NR 34 left
mesocolon

benign laparoscopic
conversion
laparotomy

5 days

Wang JH 2012 ChiNR 6×5×3.2 M 26 sigmoid
mesocolon

NR laparoscopic 4 days

Limdi JK 2010 UK 20×10 M 46 left
mesocolon

NR Open NR

Ha TK 2009 Korea 25 × 15× 10 F 47 left
mesocolon

NR Open NR

Nizami S 2007 Pakistan 9×5×4 M 42 transverse
mesocolon

benign Open 5 days

Güvenç BH 2005 Turkey 1.3×0.6 F 3 left
mesocolon

NR laparoscopic
conversion
laparotomy

NR

Hauser H 1997 Austria 13×8×7 F 72 transverse
mesocolon

benign Open NR

Iwabuchi A 1997 Japan 2 to 5
(maximum
size, 10 )

M 31 dissemiNRted NR Open NR

167

https://doi.org/10.3389/fonc.2022.1034563
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Feng et al. 10.3389/fonc.2022.1034563

Frontiers in Oncology 05
168
presence of an extensive lymphatic system. Fewer than 5% of

lymphangiomas originate in the abdominal cavity, with the most

common site being the small bowel mesentery and there are only

22 detailed reports of mesocolic lymphangiomas in the English

literature (3, 5, 6, 12–28). A summary of the characteristics for all

included reports is presented in Table 2 Our study reports a case

of mesocolic lymphangioma in a 14-year-old child and conducts

a literature review. To our knowledge, this is the largest detailed

case description of mesocolic lymphangioma successfully

operated through the laparoscope. It provides the latest, along

with the first tabular bibliography review of mesocolic

lymphangioma with detailed clinical features, meanwhile.

Mesocolic lymphangioma lacks distinct clinical signs and

symptoms, and patients are often admitted to the hospital with

complaints of abdominal pain (15 cases, 68.2%), followed by

abdominal distension (6 cases, 27.3%). It appears that mesocolic

lymphangiomas primarily involve the transverse colon (6 cases,

27.3%) or descending colon (6 cases, 27.3%). However, some

caution should be exercised in interpreting this finding given the

limited documentation of the case. Females (13 cases, 59.1%) are

more likely to be suffered than males (8 cases, 36.4%). Bang GA

et al. (12) reported the largest and heaviest mesocolic

lymphangioma in 2019, which measured about 33 × 30 ×25

cm and weighed 16 kg. The long-term outcome of this disease is

excellent, with no report of recurrence.

Tests in the laboratory are nonspecific but can be used to rule

out malignant behavior of other etiology. Ultrasonography is of

high diagnostic value in detecting mesenteric cystic lymphangioma

(MCL) which usually exhibits a cystic mass accompanying multiple

thin septations (13, 29). Considering its ability to determine the

anatomical relations of the lesion, which ultimately guided

treatment options and surgical approaches, CT scans remain the

best radiological tool for evaluating MCL (mesenteric and

mesocolon). In addition, CT provides clarity on size, density, and

enhancement properties, which contributes to differential diagnosis

(6, 29). Magnetic resonance imaging (MRI) shows better sensitivity

for detecting the nature of cystic contents and intracavitary

hemorrhages. Despite this, it is still challenging to make a

preoperative diagnosis due to its rarity and absence of typical

characteristics. Acute abdomen, cystic teratomas, tuberculosis,

pseudocysts, enteric duplication cysts, ovarian tumors, other

primary mesenteric tumors, and metastatic diseases should also

be considered in the differential diagnosis (30, 31).

Conservative treatment and surgical excision are the two

options once diagnosed. Sclerotherapy, which involves directly

puncturing the cyst, aspirating the fluid, and injecting the

sclerosing agents (SAs), has been applied for decreasing the

mass size or regressing. A variety of SAs has been tested,

including ethanol, sodium tetradecyl sulfate, and doxycycline;

among them, bleomycin and picibanil (OK-432) are the most

extensively utilized and studied. However, the long-term

consequences of sclerotherapy are controversial (5, 32). Also, it

has proven to be not very effective for microcystic disease (33). In
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addition, concerns should be raised about sclerotherapy

complications including skin necrosis, local neuropathy, fibrosis

or obliteration of lymphatic vessels, and, in rare cases, dose-

dependent cardiopulmonary toxicity needs attention (34).

Recently, lymphaticovenular anastomosis (LVA) combined with

ethanol sclerotherapy has been reported to have a satisfactory

outcome, suggesting that it could be a complementary minimally

invasive treatment (35). However, further observation and

cumulative cases are required to elucidate the accurate indications.

To confirm the diagnosis, relieve associated symptoms, and

prevent any potential complications, surgical resection is

suggested. All cases we reviewed in the present study were

treated surgically. Since incomplete resection results in 10%-

40% of recurrences of MCL (36–38), complete resection should

also be indispensable for mesocolic lymphangioma. Depending

on whether there is a pedicle, bowel segment resection may

require for the tumor (39). In recent years, laparoscopic surgery,

which could reduce postoperative discomfort and shorten

hospital stay, has been successfully applied to excise mesocolic

lymphangioma. To date, six cases (15–18, 22) of laparoscopic

resection of mesocolic lymphangioma have been reported.

Among them, two cases (17, 22) were converted to

laparotomy. In this report, we describe the largest case

smoothly managed by laparoscopy to date. However, one

limitation of our case is the short follow-up period (3

months). A longer follow-up is required to observe the

prognosis for this patient.

To sum up, we report a rare case of mesocolic

lymphangioma onset in adolescence and performed an up-to-

date literature review of patients with such neoplasm. Typically,

patients present with acute or chronic abdominal pain. Imaging

examination is helpful for preoperative diagnosis, and complete

resection is recommended.
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Case Report: Metastatic renal
cell carcinoma to the thyroid—
A rare encounter
Megan Shepherd*, Justin Lohmann, Laurentia Nodit,
Tanaz Vaghaiwalla and Matthew Mancini

Departments of Surgery and Pathology, The University of Tennessee, Knoxville, TN, United States

Background: Renal cell carcinoma (RCC) accounts for approximately 4% of
new adult cancers. By fine needle aspiration, identification of metastatic RCC
to thyroid is challenging; therefore, surgical resection is indicated for
definitive characterization. Our report surveys metastatic RCC to thyroid in
our hospital.
Methods: Twenty years retrospective review of electronic records in our
institution identified five patients with metastatic renal cell carcinoma to the
thyroid. We analyzed patient charts and pathology reports to evaluate clinical
parameters and therapy.
Results: In all cases, the original RCC was of clear cell type. Pathologic tumor
stage ranged from pT1a to pT3a, Fuhrman nuclear grade varied from 2 to 4 and
angiolymphatic invasion was noted in one case. In three patients, RCC in the
thyroid occurred as an oligometastasis with no evidence of disease in the
nephrectomy bed or other parts of the body. In two patients, concomitant
recurrent RCC and metastases to liver, lung, brain and chest wall were
documented. The thyroid metastases were found approximately 10 years
after completion of nephrectomy with a range of 0–21 years. Three thyroid
fine needle aspirations correctly identified the disease, one was negative, and
one was classified as atypical cells present, suspicious for RCC.
Conclusion: The thyroid gland is an uncommon location for RCC metastasis
and can appear across a wide range of initial stages and grades of the
disease. Thyroid metastases occurred as late as 21 years from the initial
tumor resection. Increased awareness and a high index of suspicion are
needed to detect metastasis, as they can be found in atypical locations and
mimic primary disease.

KEYWORDS

metastatic RCC, thyroid, cancer, endocrinology, oncology

Introduction

Renal cell carcinoma (RCC) is the dominant type of malignant neoplasm arising

from the kidneys, responsible for more than 14,000 deaths per year (1, 2). It is often

detected late due to lack of symptoms with 20% of patients already metastatic at the

time of diagnosis (2). RCC more commonly affects males, with a peak incidence

between the ages of 50–70 years. The thyroid is found to contain metastatic disease in

1.4%–3% of patients that undergo surgery for thyroid neoplasm (3) and in 1.25%–

24% in autopsy series (4). Due to significant morphologic overlap, it can be extremely
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difficult to identify metastases by review of fine needle

aspiration alone and some metastases can be misdiagnosed as

a primary thyroid neoplasm. Therefore, surgical resection is

indicated for definitive characterization. Our report reviews

five cases of metastatic RCC to the thyroid in our hospital.
Methods

This study was a retrospective review of the electronic

health record over a 20-year period at a single institution.

Five patients were found and noted to have metastatic renal

cell carcinoma of the thyroid. We reviewed their records

looking especially at pathology records, age of diagnosis of

primary cancer, and time to metastatic disease. We also

determined their treatment plan including the time of each

surgery and what chemotherapy regimen they underwent.
Results

Our study found five patients with renal cell carcinoma

metastatic to the thyroid. There were three females and two

males, and the time from primary tumor identification until

the diagnosis of metastasis ranged from 0 to 21 years, as

noted in Table 1. One of the patients in the study was found

to have thyroid metastasis at the time of their renal cell

carcinoma diagnosis. Their initial presentation stage ranged

from pT1a to pT3a. One of the patients was noted to have

lymphatic invasion. In three patients, RCC in the thyroid

occurred as an oligometastasis with no evidence of disease in

the nephrectomy bed or other parts of the body. In two
TABLE 1 Characteristics of the original RCC and the timing of
metastasis to the thyroid.

Sex Date of
kidney
resection

Stage of
kidney
cancer

Date of
thyroid
biopsy

Time from
resection to
thyroid

metastasis
(years)

F 1999 pT2a, 7.8 ×
7.6 cm, mixed
clear and
granular cell,
grade 4

2020 21

F 2005 pT1a, 2.9 cm,
grade 2

2018 13

M 2009 pT2N0, 7.5 cm,
grade 2-3,

2015 6

M 2010 pT3a, 10.5 ×
8 × 6.5 cm,
grade 3, tumor
through
capsule

2010 0

F 1999 Unknown 2000 1
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patients, concomitant recurrent RCC and metastases to the

liver, lung, brain, and chest wall were documented.

Three thyroid fine needle aspirations (FNAs) correctly

identified the disease, one was negative, and one was classified

as atypical cells present, suspicious for RCC. Three patients

underwent chemotherapy, all initially with sunitinib after

nephrectomy. One of the three initially refused chemotherapy

but was started on sunitinib after they were noted to have

progression of his disease. The last patient had their primary

tumor at an outside hospital and no records noted if they

received any treatment at that time.

Our patient is an 81-year-old female was referred to our

clinic by her endocrinologist after noticing that her right

thyroid nodule had increased in size over the last 6 months.

She has a medical history of renal cell carcinoma,

hyperlipidemia, and type 2 diabetes. She had previously

undergone an L nephrectomy in 1999 and a hysterectomy in

1990. She denied any previous use of tobacco, alcohol, or illicit

drugs. She had a family history of stomach cancer in her mother.

The original pathological diagnosis was mixed clear/

granular cell adenocarcinoma, which is now labeled clear cell

renal cell carcinoma (CC-RCC). At the time of diagnosis, the

tumor was confined to the kidney, without angiolymphatic

invasion. The nuclei were given a Fuhrman grade 4 due to the

bizarre and often multinucleated nuclei, with heavy chromatin

clumps and prominent nucleoli. One lymph node was

examined and found to be negative for malignancy. Because

the tumor was 7.8 cm in greatest dimension and limited to

the kidney, it was a pathologic stage pT2a. In November

2016, the patient underwent a fine needle aspiration of her

right thyroid. The specimen was adequate with follicular

epithelial cells and scattered colloid, consistent with a benign

follicular nodule. There was no evidence of malignancy;

however, sampling bias is always an issue.

With the recently reported increase in size, a repeat

ultrasound was completed by her endocrinologist, and she

was found to have a large right-sided nodule that was

hypervascular measured 5.7 × 3.4 × 4.5 cm, and had increased

in size from her previous ultrasound in 2018. She also noted

occasional dysphagia. Her thyroid function testing reported

normal levels of thyroid stimulating hormone and thyroxine.

She denies any hoarseness or difficulty breathing. She was

notified during the examination that she has a large nodule

within the right thyroid that was irregular but without

tenderness.

The patient underwent a right-lobe partial thyroidectomy in

June 2020. The history of CC-RCC was noted in previous

pathology reports. The gross examination of the resected

specimen demonstrated a “well-circumscribed golden-yellow-

tan mass” in which there were areas of hemorrhage present.

Histologic sections showed a partially encapsulated, nodular

proliferation composed of monotonous, intermediate-sized

cells, embedded within benign thyroid parenchyma
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FIGURE 1

Renal cell carcinoma, clear cell type (lower left corner), benign thyroid parenchyma upper right corner, microscopic photograph, 200×
magnification, hematoxylin and eosin stain.
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(Figure 1). At higher power examination, the mass is composed

of clear cells with centrally located nuclei, prominent nuclei, and

abundant vascular capillary network (“chicken wire”)

characteristic of clear cell renal cell carcinoma (Figure 2).

Immunohistochemical stains were performed to further

evaluate the site of origin for the neoplastic cells. The renal

markers PAX8 and RCC were positive, while the parathyroid

and thyroid markers (PTH and TTF1) were negative.

Pancytokeratin was focally reactive and the neuroendocrine

marker synaptophysin was negative excluding an endocrine

neoplasm. The morphologic and immunohistochemical

features of this neoplasm, along with her known history, were

most consistent with metastatic clear cell renal cell carcinoma.

The patient’s PET/CT scan did not demonstrate any signs of

residual or metastatic disease. Due to her advanced age and the

21 years between her initial disease and metastatic disease, our

multidisciplinary tumor board elected to observe the patient with

repeat PET in 4 months and not initiate chemotherapy at this time.
Discussion

Renal cell carcinoma treatment is performed primarily by

surgical resection with stages I–III successfully removed by
Frontiers in Surgery 03

173
partial or radical nephrectomy (2). For patients with

metastatic disease, the therapeutic options are more limited as

renal cell carcinoma is generally not sensitive to radiation or

cytotoxic chemotherapy agents (2). The first line of treatment

in metastatic clear cell RCC is now sunitinib malate, an oral

multitargeted tyrosine kinase receptor inhibitor with

antitumor and antiangiogenic activities, which block VEGFR,

KIT, and PDGFR in both biochemical and cellular assays (2).

Three of the five of our patients underwent treatment with

sunitinib once the metastatic disease was identified. From the

patients’ records, three of the five patients had incidentally

detected thyroid mass. The other two patients had known

thyroid nodules that were monitored with serial ultrasounds

and enlargement prompted the biopsy, which identified the

metastatic disease.

FNAs are commonly used as a screening tool to separate

between benign and malignant thyroid nodules. They allow

the pathologist a glimpse into the cellular components of

nodular proliferation, which, due to significant morphologic

overlap between multiple entities, will be further interpreted

in the patient’s clinical context. The sample size is always a

consideration and inadequate specimens may not provide the

clinicians with a diagnosis; therefore, surgical resection might

be necessary to further characterize the neoplasm.
frontiersin.org

https://doi.org/10.3389/fsurg.2022.1000425
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 2

Renal cell carcinoma, clear cell type, microscopic photograph, 200× magnification, hematoxylin and eosin stain.

TABLE 2 Literature review with noted time to metastasis of renal cell
carcinoma to the thyroid.

Study Number of
participants

Average
age (years)

Average time to
metastasis
(years)

Heffess et al. 36 64.9 9.4

Benoit et al. 7 66 3.2

Muramoto et al. 1 54 5

Uzel 1 45 8

Kitamura et al. 1 63 0.5

Wada et al. 1 77 19

Ozdemir et al. 1 11

Zahradka et al. 1 80 11

de Lima et al. 1 17

Shepherd et al. 10.3389/fsurg.2022.1000425
The most common primary sites of metastatic tumors to the

thyroid are the lung, kidney, head and neck, and breast, with

only occasional reports of colorectal adenocarcinoma (3). It

has previously been noted in other studies that the time from

diagnosis of RCC to metastasis to the thyroid gland was

significant at an average of 106–113 months (2, 4).

Up to 50% of patients will present without a previous

malignant diagnosis, but if known this information should be

included with the clinical history of the requisition submitted

with the specimen. Unfortunately, there are mimickers of

primary tumors making the diagnosis difficult at times. In

one of the five cases reviewed, there was a ThinPrep slide that

showed small groups of cells that resembled Hurtle cells

arranged in small groups and microfollicules; one of the

mimics of CC-RCC is a follicular or Hurthle cell neoplasm.

The cellblock, in that case, showed the neoplastic cells there

were PAX8 and CD10 positive, PTH and TTF-1 negative,

supporting a diagnosis of metastatic CC-RCC.

There have been other reports of RCC metastatic to the

thyroid from around the world but due to the low

incidence, most studies include only a small number of

subjects. The largest study reports thirty-six cases, this was

completed by Heffess et al. and they reported comparable

results to our study with a mean time to recurrence of 9.4

years but with a maximum time of 21.8 years (5). As noted
Frontiers in Surgery 04
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in Table 2, other case reports discuss findings at various

times from the initial diagnosis of primary tumor ranging

from 6 months to 19 years. Similar to these case report

studies our study is limited by a small sample size at a

single institution. There is a need for continued reports as

this is a rare disease, which is difficult to diagnose and can

occur at a wide range of times after a patient initial

diagnosis of renal cell carcinoma.
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Conclusion

Patients with a history of renal cell carcinoma presenting

with a thyroid nodule should be considered for the possible

sites of metastatic disease no matter the time frame from

initial diagnosis. Increased awareness and a high index of

suspicion are needed to detect metastasis, as they can be

found in atypical locations and mimic primary disease.
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Case report: Multimodal
neoadjuvant and adjuvant
chemotherapy for hepatic
undifferentiated embryonal
sarcoma in a young adult

Rosemary Vergara1, Sarah Khalil 2* and Gitonga Munene3

1School of Medicine, Western Michigan University Homer Stryker MD School of Medicine,
Kalamazoo, MI, United States, 2Department of Surgery, Western Michigan University Homer Stryker
MD School of Medicine, Kalamazoo, MI, United States, 3West Michigan Cancer Center, Kalamazoo,
MI, United States
Hepatic undifferentiated embryonal sarcoma of the liver (UESL) is a rare hepatic

malignancy found more commonly in pediatric patients. It has been associated

with poor outcomes in adults and the role and timing of systemic therapy is

unclear. There have been very few case reports detailing combination

neoadjuvant and adjuvant chemotherapy use for hepatic undifferentiated

embryonal sarcoma in adults. In this report, a 22-year-old male admitted

with right upper quadrant pain was diagnosed with a 20 x 10 x 10 cm well-

circumscribed, highly vascularized hepatic mass in the entirety of the left lobe.

Biopsy confirmed the diagnosis of UESL. PET/CT showed no evidence of

metastatic disease, and he received four cycles of Doxorubicin and

Ifosfamide with demonstrated reduction in size and decrease in PET avidity.

He underwent left hepatectomy with periportal lymphadenectomy,

cholecystectomy, and partial gastrectomy with negative margins and

received adjuvant Doxorubicin, Ifosfamide and Mesna. At 48 months, the

patient was alive without evidence of disease. We hereby emphasize the

potential advantages of combination chemotherapy and surgical resection in

the management of UESL in adults.

KEYWORDS

embryonal sarcoma of adult liver, hepatectomy, neoadjuvant chemotherapy,
undifferentiated embryonal hepatic sarcoma, UESL
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; CT, Computed

tomography; FDG, F-18-Deoxyglucose or Fluorodeoxyglucose; NCDB, National Cancer Database; PET,

Positron emission tomography; SEER, Surveillance, Epidemiology and End Results database; SUV,

Standard uptake value; UESL, Undifferentiated embryonic sarcoma.
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Background

First described in 1978, undifferentiated embryonal sarcoma

(UESL) of the liver is a rare mesenchymal tumor, almost

exclusively found in pediatric age patients (1–3). The average

age of presentation is approximately 6 to 10 years of age with

over 88% of cases occurring in patients 15 years of age or

younger (1, 4). Diagnosis can be difficult, as there are shared

clinical and radiological findings with other hepatic tumors. The

pathogenesis is not well-described but is possibly associated with

mesenchymal hamartoma as both tumors have been associated

with similar cytogenetic abnormalities (3).

Accounting for less than 1% of all primary liver neoplasms in

adults, an optimal treatment regimen for UESL is still being

determined (5). Surgical resection of the tumor was previously

the mainstay of treatment for UESL (3). Recently, several studies

have indicated multimodal therapy with surgery, radiation, and

chemotherapy can significantly improve patient prognosis (3).

Despite aggressive treatment, a diagnosis of UESL carries an

overall 5-year survival rate estimated between 65% to 72% (6, 7).

Adults have been reported to have a worse prognosis than in

pediatric patients with a reported survival of 48.2% (7). Given

the high rates of regional and local recurrence, a strategy

employing early systemic therapy may have the potential to

improve outcomes. There is limited data on the efficacy and

feasibility of multimodal therapy in this rare tumor type. This

report outlines the successful treatment of a male adult patient

with UESL treated with neoadjuvant and adjuvant

chemotherapy in combination with surgical resection.
Case presentation

A 22-year-old male presented with one month of decreased

appetite and sharp, intermittent epigastric pain radiating to the

right upper quadrant. The patient did have a history of anemia

but was otherwise healthy with no significant family history.

Physical exam revealed abdominal distension, with visible

protrusion in the LUQ, and no tenderness. Laboratory tests

revealed anemia and neutropenia with elevated alkaline

phosphatase, lipase, lactate dehydrogenase and bilirubin (WBC

2.1, normal 4 -11 g/L; Hemoglobin 8.0, normal 13.5 - 17.5 g/dL;

Alkaline phosphatase 179, normal 39 - 117; lipase 1140, normal

16 - 63 U/L; LDH 569, normal 94 - 250 U/L, Bilirubin 1.0,

normal < 0.3 mg/dL). Alpha Fetoprotein, AST and ALT levels

were normal. Hepatitis serologies were negative.

Abdominal computed tomography (CT) revealed a solitary

20 x 10 x 10 cm well-circumscribed, highly vascularized hepatic

mass in the entirety of the left lobe with relative sparing of the

right lobe (Figure 1). Positron emission tomography (PET) Scan

redemonstrated this hepatic mass demonstrating intense FDG

uptake of SUV 11.5 and areas of necrosis (Figure 1). There was
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no evidence of metastatic disease and no evidence of invasion

into surrounding structures. Ultrasound guided core needle

biopsy identified a malignant spindle cell neoplasm consistent

with diffuse embryonal sarcoma (Figure 2). Biopsy results

combined with imaging were diagnostic of UESL.

Patient was treated with neoadjuvant chemotherapy

modeled after protocol ARST 1321 Regimen B by the

Children’s Oncology Group. Preoperative chemotherapy

consisted of Ifosfamide (2.5g/m^2) per dose intravenously on

days 1 to 3) with MESNA and doxorubicin (37.5 mg/m^2 per

dose intravenously on days 1 to 2) at 3-week intervals for 4

cycles. Beyond generalized malaise, the patient did not

experience any adverse side effects to chemotherapy. Repeat

CT scan indicated a decrease in tumor size to 15.2 x 7.7 x 8.1 cm.

Repeat PET scan corroborated the decrease in tumor size and

indicated a significant decrease in FDG uptake, with a maximum

SUV of 5.4 (Figure 3).

Intraoperatively, the hepatic mass of the left lobe was identified

with significant omental and gastric adhesions. The tumor was also

invading the medial gallbladder wall. Intraoperative ultrasound was

used to delineate intraparenchymal tumor borders and ultimately

the patient underwent left hepatectomy with periportal

lymphadenectomy, cholecystectomy, and partial gastrectomy.

Surgical margin was negative defined as greater than 1mm. The

patient recovered with no surgical complications. Postoperatively,

the patient underwent an additional two cycles of adjuvant

Doxorubicin, Ifosfamide and Mesna. 3 weeks after surgery the

patient received 2 cycles of Doxorubicin/Ifosfamide and one of

Doxorubicin only at 3 week intervals, with or without Pazopanib,

completing all therapy at week 25 (cumulative doses: Ifosfamide 45

g/m^2, Doxorubicin 375 mg/m^2).

For surveillance the patient underwent CT or MRI of the

abdomen and pelvis plus a chest X-ray or CT. Surveillance

protocol included CT scan every three months for the first year,

every four months the second year, every six months through the

third year and then once yearly beyond three years. The patient

has since been noted to be in good health with no evidence of

local or distant recurrence at present, 4 years post-resection.
Discussion

At 2 to 15% of cases, UESL is the third most common hepatic

malignancy in pediatric populations after hepatoblastoma and

hepatocellular carcinoma (1, 4, 8). It is estimated that only 47

cases of UESL in patients older than 15 years old have been reported

in the literature from 1978 to 2007 (9). A more recent review from

1973-2019 reported less than 90 adult UESL cases and a recent

NCDB study only identified 41 adult patients (6, 7). Patients with

UESL can present with nonspecific symptoms including abdominal

pain, fever, weight loss diarrhea or vomiting (1, 4, 9–11). Laboratory

evaluation may reveal leukocytosis and anemia; however no specific
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serum markers identify UESL (1, 3). The differential diagnosis of

UESL includes abscess, mesenchymal hamartoma, hydatid cyst,

hepatocellular carcinoma, hepatoblastoma, biliary tract

rhabdomyosarcoma, cystic metastasis , angiolipoma,

leiomyosarcoma, liposarcoma, epithelioid hemangioendothelioma,

and malignant melanoma (1, 3, 8). UESL does share chromosomal

abnormalities seen with mesenchymal hamartoma, with some

suggesting malignant transformation of mesenchymal hamartoma

to develop UESL; abnormalities associated with 19q13.4 including

balanced translocations t(11;19)(q13;q13.4) and t(15;19)(q15;q13.4)

(1, 3, 12).

UESL can have a differential appearance on imaging.

Ultrasound demonstrates a solid hepatic mass, generally

isoechoic to normal liver, with anechoic areas corresponding to

areas of tumor necrosis or degeneration (1, 13). CT demonstrates

a well-defined hypodense mass with internal septations, almost

cystic in appearance (1, 13). With contrast administration the

tumor does progressively enhance (1, 13). MRI demonstrates low

signal intensity on T1 weighted images and high signal intensity
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on T2 weighted images, again with enhancement on contrast

administration (1, 13). Due to its differential appearance, image-

guided biopsy is the mainstay of diagnosis, however cases have

been reported of tumor rupture after biopsy (14). Rupture prior to

complete surgical resection can be a consideration for treatment of

residual disease and higher risk of recurrence (2, 4). The prognosis

of UESL with rupture into the peritoneal cavity is less favorable in

comparison to cancerous counterparts including hepatocellular

carcinoma secondary to factors including increased risk of

systemic metastases (15).

Histopathology demonstrates that UESL is composed of

undifferentiated spindle cells with mitotic figures and myxoid

stroma (9, 16). The high water content of the myxoid stroma is

thought to be the reason for the differential appearance of UESL

on imaging (1, 13). UESL tumors also show characteristic

intracellular hyaline globules and anaplasia on a mesenchymal

background (8, 17). These tumors tend to have a pseudocapsule

made of compressed hepatic parenchyma, leading to a well

circumscribed hepatic mass (9).
FIGURE 1

Initial CT scan demonstrating UESL. 20 x 10 x 10 cm well-circumscribed, solid mass of the entirety of the left lobe of the liver with relative
sparing of the right lobe. Initial PET/CT demonstrating large hepatic mass measuring 25 x 13 cm with maximal SUV 11.5 as well as areas of
necrosis, demonstrated by lack of FDG avidity.
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Prognosis for UESL has historically been considered dismal

with reported 5-year overall survival rate of approximately 65% in

all patients with worse outcomes reported in adults (6, 18). Factors

that have been associated with improved survival are margin

negative resection, receipt of chemotherapy and childhood.

Treatment options for UESL include surgery, chemotherapy, and

liver transplantation (1, 19–21). One retrospective study of UESL

patients from 1975 to 2015 using the SEER database showed while
Frontiers in Oncology 04
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84% of patients underwent surgery, only 65% underwent

chemotherapy and 9% underwent radiation therapy (18). While

surgical resection of the primary tumor was previously the mainstay

of treatment, recent studies have shown success with use of adjuvant

chemotherapy and neoadjuvant chemotherapy, particularly in

initially unresectable cases (3). Tumors are generally considered

unresectable due to size, amount of liver involvement, and invasion

into surrounding structures (14). Given the poorer outcome in
B

A

FIGURE 2

(A) Oval to stellate tumor cells with ill-defined cell borders loosely distributed in myxoid stroma with marked nuclear pleomorphism,
hyperchromasia and brisk mitotic activity. (B) Tumor cells within a fibroinflammatory background showing marked nuclear pleomorphism,
hyperchromasia, and frequent multinucleated and bizarre giant cells. Cytoplasmic and extracellular eosinophilic globules noted.
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adults and the propensity for early local and distant metastases a

strategy employing combined neoadjuvant and adjuvant

chemotherapy may result in improved outcomes. A recent review

of NCDB patients with UESL from 2004 – 2015 showed that 92.7%

of pediatric patients received chemotherapy as opposed to 65.9% of

adults (7). Only 1 out of 41 adult patients receiving both surgery and

chemotherapy also received neoadjuvant therapy as opposed to

adjuvant therapy (7).

As shown in one study, 12 of 17 children with UESL treated

with a multimodal approach between 1979 and 1995 were alive at

2.4 to 20 years follow-up (4). A separate study of five pediatric

patients treated with resection followed by adjuvant chemotherapy

demonstrated no disease recurrence at a median of 53 months post-

treatment (22). A third study of five pediatric patients ages 10 to 19

were also treated with multimodal therapy, including orthotopic

liver transplantation in unresectable cases, demonstrating 100%

survival at 21 to 68 months of follow-up with instances of

recurrence (23). Combinations of Vincristine, Cyclophosphamide,

Dactinomycin, Doxorubicin, Etoposide and Ifosfamide are
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associated with longer survival and disease-free prognosis (4, 8,

10, 24). Chemotherapy for UESL is modeled after established

regimens for pediatric rhabdomyosarcoma or Ewing sarcoma

without cisplatin (8, 17, 25). UESL metastases have been reported

in up to 15% of pediatric patients and are mainly seen during

primary diagnosis in which sites most commonly include lungs,

adrenal glands, peritoneum and extension into the heart (23, 26,

27). Available data regarding metastatic disease in UESL is limited

but is a critical consideration for future optimization of multimodal

treatment options.

A review of multimodal treatment regimens for UESL are

outlined in Table 1. Also included are some cases of patients

undergoing surgery alone with no chemotherapy, highlighting the

improved success with neoadjuvant and adjuvant treatment

strategies. Given the reported improvements associated with

chemotherapy in pediatric patients, we elected to treat our patient

withmultimodal chemotherapy and surgical resection. The intended

goal of this approach in our patient was decrease tumor size to

enable resection, start early systemic therapy for a disease with a
FIGURE 3

CT scan after completion of neodjuvant chemotherapy. Significant improvement was visualized with a decrease in lesion size to 15 x 7.7 x 8.1
cm. PET scan after completion of neodjuvant chemotherapy demonstrating reduction in size of mass to 14.5 x 6.8 x 8.9 cm as well as
decreased FDG avidty of SUV 5.4.
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TABLE 1 Cases of multimodal treatment of UES in adults.

Reference Year Age/Sex Tumor(s) Treatment Neoadjuvant
Chemotherapy

Adjuvant
Chemotherapy

Recurrence Follow
up

(Months)

Present 2021 22 M 20 x 10 x 10 cm Left hepatectomy. DOX
IFO
MES

DOX
IFO
MES

None 48

Yu (19) 2021 69 F 16 cm Surgical resection.
RFA

None None 6 months, N/A

Pandit (20) 2019 29 F 15 x 12 cm Surgical resection. None None Yes at 4 months. 8; deceased.

Pandit (15) 2019 34 M 16 x 14 cm Laparotomy. None None Tumor
progression at 6
months.

6

Pinamonti
(28)

2018 60 F 23 x 15 x 12 cm hepatectomy None ACT
CYC
VIN

None 30

Sanchez-
Morales (21)

2018 53 F Hypodense mass in the
right lobe with satellite
lesions.

Palliative radiotherapy
and intravenous analgesia.

None None None Deceased

Sanchez-
Morales (21)

2018 41 F 20 x 16 cm mass in the
right lobe.

Right hepatectomy. None Post-recurrence
DOX
ISO
Scheduled
DOCE
GEM

24 months. 60

Khan (29) 2017 21 M 12.3 x 9.8 x 8.3 cm and
13.6 x 9.8 x 9.8 cm.

No tumor resection;
unresectable. Orthotopic
liver transplant.

DOX
IFO

N/A None 18

Giakoustidis
(30)

2016 30 M Voluminous mass in the
right lobe.

Right portal vein
embolization. Right
trisegmentectomy.

None CIS
CYC
DOX

Yes at 12 months. 28;
deceased.

Zanwar (31) 2016 25 M Hypodense mass in the
right lobe.

Right hepatectomy. ADRI
IFO
MES
VIN

ADRI
IFO
MES
VIN

None 24

Kim (32) 2011 47 F 12 x 10 cm well-
demarcated mass in the
left segment.

Left lateral sectionectomy.
Radiotherapy.

DOX
DZN
IFO
MES

None Yes at 24 months,
metastatic lesion
treated with
radiotherapy.

48

Noguchi (5) 2011 27 F 21 x 19 x 14 cm mass in
the right liver lobe.

Right trisegmentectomy.
Radiation therapy.
Peripheral blood stem cell
transplantation.

None First Course
ACT
ADRI
CIS
CYC
VIN
Second Course
CAB
CYC
ETP
RAN

None 60

Ma (33) 2008 61 F 12 x 9 x 8 cm mass to the
right lobe.

Right hepatic lobectomy.
Cholecystectomy.

None None None. 8; deceased.

Pachera (9) 2008 22 F 19 x 14 x 11 cm mass. Right portal vein
embolization. Right
trisectionectomy with
extrahepatic bile duct
resection.

None ACT
CYC
VIN

None 14

Almogy (16) 2005 21 F 15 x 15 cm mass confined
to the right lobe. Second
smaller lesion in the left
lateral segment.

Hepatic trisectionectomy None prior to first
resection
DOX
IFO

DOX
IFO
MES

None 71

(Continued)
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propensity for early metastases, and to assess tumor response in vivo.

These advantages have been reported for other cancers such as

gastric, gastroesophageal and pancreatic cancers (34, 35). Our patient

thus far appears to have achieved some of the intended benefits of

combination chemotherapy as well as disease free survival of 48

months. In conclusion, we believe this approach is well suited for this

cancer given its underlying biology i.e. a propensity for early local

and distant recurrence, and therefore warrants further study. This

case study adds to the growing body of literature favoring

combination of combined neoadjuvant and adjuvant

chemotherapy with hepatic resection in treatment of UESL.
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Giant desmoplastic small round
cell tumor of the abdomen:
A case report
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Background: Desmoplastic small round cell tumor (DSRCT) is a rare, aggressive,

mesenchymal malignancy of a separate clinicopathological entity. It has a

predilection for young men, with no evidence of any ethnic predilection. The

current diagnostic gold standard for DSRCT includes histopathologic,

immunohistochemical, and cytogenetic studies in order to confirm the

variable phenotypic expression and characteristic chromosomal translocation.

Case summary: A 65-year-old man presented with a sensation of an abdominal

mass and a presentation of an incomplete bowel obstruction. Initial lab tests

were in the normal range except for carbohydrate antigen. Contrast-enhanced

CT showed that a large, mass-confounding density was occupied in the

omentum majus area of the middle and lower abdominal wall. A 3D

reconstruction of the images was performed to clarify the relationship

between the tumor and the colon and was confirmed by a colonoscopy.

After surgery, immunohistochemistry and fluorescence in situ hybridization

(FISH) revealed EWSR1-WT1 gene rearrangement at 22q12, confirming the

diagnosis of desmoplastic small round cell tumor.

Conclusion: Being different from the predilection of DSRCT for youngmen, the

patient in our case is a 65-year-old man with a huge mass involving the

transverse colon and the bladder.

KEYWORDS

desmoplastic small round cell tumor, abdominopelvic tumor, medium-elderly male,
DSRCT, case report
Introduction

The desmoplastic small round cell tumor (DSRCT) is a rare, aggressive, mesenchymal

malignancy of uncertain differentiation with both a characteristic chromosomal

translocation and immunohistochemical profile (1). Initially described in 1989 by Gerard

and Rosai, DSRCT tumor cells were classified by express epithelial, neuronal, and skeletal
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muscle and mesenchymal markers. However, by 1991, DSRCT

was formally established as a separate clinicopathological entity

(2). It has a predilection for young men, with ages ranging from 3

to 52 years, and with a peak incidence between the second and

third decades of life. The mean age at diagnosis is 20.8 years, and it

has a male-to-female ratio of 10:1, with no evidence of any ethnic

predilection. The most common symptom of DSRCT is vague

abdominal symptoms (3), and the more common is terminal

disease on diagnosis with multiple intra-abdominal lesions (4).

The current diagnostic gold standard for DSRCT includes

histopathologic, immunohistochemical, and cytogenetic studies

in order to confirm variable phenotypic expression and

characteristic chromosomal translocation (5).
Case presentation

A 65-year-old man presented with a sensation of an

abdominal mass and a presentation of an incomplete bowel

obstruction. He had a previous history of hypertension and

hyperlipidemia; percutaneous internal coronary stenting was

performed 9 years ago, and he is currently taking betaloc 47.5

mg, aspirin 100 mg, and rosuvastatin 10 mg, without a

remarkable family history. Physical examination showed that

his vital signs were within normal range. An abdominal

examination could reach a massive mass extending from the

middle abdomen to the pelvic cavity, which is about 16 cm in

size, poor in mobility, and tough in texture; the rest abdomen

was soft and non-tender, without signs of peritoneal irritation.

Initial lab tests including complete blood count and tumor

markers presented in the Table 1.

Contrast-enhanced CT of the abdomen showed that a large,

mass-confounding density was occupied in the omentum majus

area of the middle and lower abdominal wall (Figure 1A). A 3D

reconstruction of the images was performed (Figure 1B). To

clarify the relationship between tumor and colon, colonoscopy

was performed (Figure 1C).

The preoperative diagnosis of the patient was intestinal

obstruction and abdominal tumor, and he underwent surgery

in May this year. During the operation, we observed that the

tumor originated from the omentum majus and invaded the

middle segment of the transverse colon, the anterior wall of

bladder, and the abdominal wall. No other distant metastasis

was found. The patient underwent surgical treatment that

included a 5-cm transverse colon at each end with the mass

involvement, the involved bladder tissue, and the lower

umbilical range of about 10 * 10 cm of the adhesion

peritoneum and rectus abdominal sheath. The complete

tumor was removed and elevated colostomy was performed.

(Figure 1D) The operation time of the patient was 282

minutes, the intraoperative bleeding was 100 ml, and there

was no postoperative complication. Postoperatively, the
Frontiers in Oncology 02
185
patient was generally in a stable condition and discharged 9

days later.

The size of the tumor was 18 * 12 * 6 cm. The cut surface of the

tumor was gray, with hemorrhage in the center. Histologically, the

neoplasm was lobulated and consisted of small round cells with

amphiphilic cytoplasm and round to ovoid mononuclear

hyperchromatic nuclei. There was marked mitosis and necrosis.

The neoplasm involved the surrounding adipose tissue and was

infiltrated into the intestinal and bladder wall. (Figure 1E)

Immunohistochemistry showed that the tumor cells differentiated

into epithelium, muscle, and nerve. Tumor cells expressed an

epithelial marker, such as CK(pan), CAM5.2, and EMA. Desmin,

NSE, vimentin, and CD99 proteins were strongly expressed in the

tumor cells. The positive rate of Ki-67 was about 60%. Some tumor

cells expressed MC(HBME1). However, GATA-3, P63, CK5/6, Syn,

CgA, CEA, Wilms tumor, MyoD1, myogenin, NKX2.2, calretinin,

CD56, S-100, SOX-10, and PGP9.5 were negative. Fluorescence in

situ hybridization (FISH) revealed EWSR1-WT1 gene

rearrangement at 22q12, confirming the diagnosis of a

desmoplastic small round cell tumor (Figure 1F). In August, the

patient was reexamined with abdominal enhanced CT and chest

CT, and was found with no tumor recurrence and metastasis. The

patient has received chemotherapy four times since the operation.

The chemotherapy regimen was oral dacarbazine 0.5 g d1–d4 and

intravenous doxorubicin hydrochloride liposome 50 mg d1.
Discussion

The desmoplastic small round cell tumor (DSRCT) is a soft

tissue malignant neoplasm of the small round cell tumor

family which occurs mainly in the abdominal and pelvic cavity of

young patients (1). DSRCT has unique histology and

immunohistochemical and molecular biology features, and is

characterized by abdominopelvic sarcoma (6), including multi-

lineage cellular nests of mesenchymal, epithelial, muscular, and

neural differentiation admixed with desmoplastic stroma (7). In

typical cases, the tumor is composed of oval cells with high nuclear

to cytoplasmic ratio, which can also show striated features or clear

cytoplasm, resulting in signet ring cells in a few cases. The exact

incidence rate of DSRCT is unclear, although at least 1000 cases

have been reported in the literature since its histopathological

description. The 5-year overall survival rate in the retrospective

study was approximately 10% (1, 8). Clinically, the signs and

symptoms of DSRCT are no specific symptoms and most

patients present with a single abdominal mass, as in our case. It

is sometimes associated with pain, abdominal distention and/or

ascites, constipation, weight loss, or other symptoms secondary to

an extrinsic mass effect (bowel obstruction) or due to a compromise

of abdominopelvic organs. This cancer is believed to originate from

the surface of the peritoneum and to metastasize almost universally

when it occurs. The common sites of metastasis include the liver,

spleen, and lymph nodes above the diaphragm (9), although the
frontiersin.org
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disease may occur in different sites, including the testis and the

central nervous system (10). DSRCT has many different staging

methods, and the most recent uses imaging characteristics to define

intermediate (no liver involvement or ascitic fluid), high-risk (either

liver involvement or ascitic fluid), and very-high-risk disease (both

liver involvement and ascitic fluid) (3).

Immunohistochemically, DSRCT had an immune spectrum

of polyphenols with tumor cells expressing epithelium,

mesenchymal, and neuroendocrine markers (11). Due to

DSCRT and other tumor types, the final diagnosis depends on

cytogenetics and molecular analysis of in situ hybridization or

reverse transcription polymerase chain reaction. The specific

molecular feature of DSRCT is the pathognomonic EWSR1-

WT1 t(11;22) (p13:q12) translocation (12). In addition to the
Frontiers in Oncology 03
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translocation defined by this disease, the understanding of

recurrent carcinogenic changes or DSRCT subgroups defined

by the genome is still limited (13). The genome-wide sequencing

of DSRCT samples did not show any other information about

secondary driving carcinogenic events other than the ewsr1–wt1

fusion. WT1 is considered as a useful antibody to diagnose

DSRCT and distinguish it from other tumors with small blue cell

morphology. Therefore, molecular detection is recommended to

avoid diagnostic traps. We performed FISH analysis on this case

to determine whether there was an ewsr1 gene break. Not

surprisingly, the ewsr1 division signal was detected in tumor

cells, which finally confirmed the diagnosis of DSRCT.

DSRCT is notorious for extensive metastasis. Patients usually

have obvious tumor burden at the initial examination. The
B

C

D

E

F

A

FIGURE 1

(A) Contrast-enhanced CT found that the larger cross-section range is about 167*149*65 mm; moderate uneven enhancement occurred after
the enhancement; obscure boundary, unresolved from the adjacent transverse colon and part of the small intestine. Multiple effusion dilations
were seen in the ascending colon and part of the small intestine. (B) The position of the tumor in the abdominal cavity and its relationship with
various organs were displayed by 3D reconstruction imaging of CT. (C) A huge external pressure mass under the mucosa at the middle section
of the transverse colon (approximately 65 cm away from the anus) made the intestinal lumen compressed, twisted, and narrow. (D) The tumor
involved the middle part of the transverse colon and part of the bladder wall. The size was about 18 * 12 * 6 cm. (E) The pictures of tumor
pathology sections; order is: ×40, ×100, CKpan (+), desmin (+), NSE (+), vim (+). (F) Project name: EWSR1/WT1 fusion gene test (FISH-tissue).
Detection probe: LBPEWSR1/WT1 fusion gene probe. Chromosome loci: WTl (llpl3)/EWSRl (22ql2). Probe tag: green signal is GSPEWSR1, red
signal (R) is the GSPWT1 detection result. Cell number analyzed: 200; Diagnostic opinion: The EWSR1/WT1 fusion gene was detected, 200
interval phase cells were analyzed, and each signal pattern was as follows: 1G1R1F39.0%, 1G1R2F20.0%, 1G1F4.0%, lG2F 5.0%, lRlF 5.0%, lR2F
4.0%, lGlR 9.0%, 2GlR 5.0%, lG2R 4.0%, 2G2R 5.0%.
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symptoms are not obvious until the peritoneal surface is widely

infiltrated by the tumor, and no definite operation can be

performed (14). Given the rarity of this disease, no randomized

trials addressing its treatment have been performed, and nearly all

the available literature describes anecdotal or retrospective

experiences. Therefore, there is no standard treatment at present.

The treatment methods that have been used include high-dose

alkylating agent chemotherapy and trial complete cytoreductive

surgery. Other consolidation local control methods include the use

of radiolabeled antibodies for research treatment and hyperthermic

intraperitoneal chemotherapy (HIPEC). Despite intensive,

multimodal treatment, recurrence is still common. Although, so

far, the treatment methods for potential fusion oncogenes in

DSRCT are not clear, drug development for this and other

similar central drivers is still possible (15).
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TABLE 1 Leucocyte count was 12.9*10^9/L; neutrophil ratio was 86.9%, higher than the normal values; carbohydrate antigen was 125 216.30 U/
ml, significantly higher than the normal values.

Inspection item Result Reference ranges Unit

Leucocyte count 12.9 3.5–9.5 *10^9/L

Classification of neutrophils 86.9 40.0–75.0 %

Absolute values of the monocytes 0.62 0.1–0.6 *10^9/L

Eosinophil count 0.01 0.02–0.52 *10^9/L

RBC 4.55 4.30–5.80 *10^12/L

Hemoglobin 134 130–175 g/L

Platelet count 233 125–350 *10^9/L

AFP 3.5 ≤7.00 ng/ml

Carcinoembryonic antigen 1.04 ≤5.00 ng/ml

Ferritin 164.1 22.0–322.0 ng/ml

Carbohydrate antigen 125 216.3 ≤15.00 U/ml

Carbohydrate antigen 19-9 12.55 ≤34.00 U/ml

Composite prostate antigen 0.78 <3.600 ng/ml

Free prostate-specific antigen 0.51 <0.930 ng/ml

Total prostate-specific antigen 1.29 <4.000 ng/ml

Carbohydrate antigen 50 9.08 <25.00 U/ml

Carbohydrate antigen 242 13.27 <25.00 U/ml

Carbohydrate antigen 72-4 1.6 <10.00 U/ml

Neuron-specific enolase 9.99 <20.00 ng/ml

Cytokeratin 19 fragment 1.86 <3.30 ng/ml

Squamous cell carcinoma antigen 0.26 <1.50 ng/ml

Acquisition time: 2022/4/25 15:06 Check time: 2022/4/26 13:58
Other tumor indicators were in the normal range. Red color value means higher than normal value, and blue color value means lower than normal value.
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Introduction: Adrenal myelolipomas are benign tumors composed mainly of

lipomatous elements with myeloid cells. With the development of medical

imaging technology, the detection rate has gradually increased. We report a

case of adrenal myelolipoma successfully excised through the laparoscope and

reviewed existing literature in recent ten years to summarize the feasibility of

the laparoscopic approach for this tumor.

Case presentation: Herein, we described a case of adrenal myelolipoma

resected by laparoscope in a 63-year-old male patient. He did not have any

other symptoms except the incidental finding of a left adrenal mass. An

abdominal CT examination revealed a mixed-density lesion containing some

amount of adipose tissue. In conjunction with the patient’s willingness, we

performed a laparoscopic operation to remove the lump. The definite

diagnosis was confirmed as an adrenal myelolipoma according to the

pathology. The patient recovered well postoperatively and without signs of

recurrence at a 5-month follow-up.

Conclusion: Adrenal myelolipoma is commonly benign, asymptomatic, and

hormonal inactivity. A surgical strategy is suggested for high-complication-risk

patients. The laparoscopic approach is safe and effective with an obvious

advantage over open procedures.

KEYWORDS

adrenal myelolipoma, laparoscopic surgery, case report, literature review, adrenal
incidentaloma
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Introduction

Adrenal myelolipomas (AMLs) are rare, benign,

mesenchymal neoplasms, consisting of mature adipose mixed

with myeloid elements, which were initially described by Gierke

in 1905 (1). The incidence of AML is 3.3% to 3.6% of all adrenal

tumors in the general population, which has reached the second

most common adrenal incidentalomas (1). Although

prevailingly asymptomatic, enormous AML can present

unregulated pain in the abdominal or flank due to

compressing the surrounding tissue, further associated with

hemorrhage or rupture (2). Imaging studies contribute to the

diagnosis and detectable rate of AML; pathological examination

reaches a definitive diagnosis (3). Generally, conservative

treatment strategies are preferred. However, if symptoms

develop, mass growth accelerates rapidly, or if it exceeds 6 cm,

adrenalectomy will be the best option (4). While open surgical

removal of giant AMLs is considered to be the treatment of

choice, there have been increasing reports of giant AMLs

successfully managed with minimally invasive techniques.

Herein, we describe a case of AML and conduct a literature

review on laparoscopic resection of AML in the last decade,

emphasizing the feasibility of removing this kind of tumor by

laparoscopic approaches.
Case presentation

Our manuscript reporting adheres to CAse REport (CARE)

guidelines (5).
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We present a case of a 63-year-old male patient with no

clinical symptoms but revealed a left adrenal mass in a CT scan

for a regular physical checkup.

His past history included II diabetes mellitus treated with

gliclazide, and he had been controlled with propranolol and

amlodipine for hypertension. Upon admission, he had good

general condition and stable vital signs, without palpable

abdominal mass. Laboratory measurements demonstrated

elevated blood Epinephrine (0.71 nmol/L, normal values <0.34

nmol/L). The serum levels of the tumor biomarker as well as

thyroid hormones were normal. CT-scan showed a left adrenal

mass of 5.1×5.1cm. The lesion manifested as a mixed-density

shadow that contain certain amounts of adipose tissue

(Figure 1). Based on imaging features, we highly suspected

that was an adrenal myelolipoma. Even though the patient was

asymptomatic and the tumor size was moderate, we planned to

proceed with surgery combined with his wishes. On 29-04-2022,

the patient underwent a left-sided laparoscopic procedure at

our department.

During the operation, the patient was placed in the supine

and parted-legs position. Using Veress needles, a 1-cm

transverse incision near the right navel edge was made to

establish pneumoperitoneum with a constant pressure of 13-

14 mm Hg. Five trocars were used: a 5-mm trocar was inserted

under the xiphoid process. A 12-mm trocar was placed below the

left costal margin in the midclavicular line, and the other two 5-

mm trocars were placed in the midaxillary and anterior axillary

lines. The fifth trocar (12 mm) was installed a little to the left of

the navel as a laparoscopic observation hole. The resection was

carried out with an ultrasonic surgical aspirator (CUSA;
FIGURE 1

Abdominal computed tomography imaging, representing a left adrenal mass of 5.1×5.1cm.
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Cavitron Laser-sonic Corp., Stamford, Connecticut, USA),

harmonic scalpel (Ethicon Endo-Surgery, Inc., Blue Ash,

Cincinnati, OH, USA), and a bipolar clamp coagulation

system (ERBE, Tubingen, Germany). Intraoperative ultrasound

sonography (IOUS) was performed for exploration and

localization. The posterior peritoneum was gradually opened

along the lower margin of the pancreatic body, and a 5×5cm

neoplasm was observed behind the pancreatic body, demarcated

clearly with the left kidney and spleen. The blood vessels around

the left adrenal gland were separated and clipped, then severed

with an ultrasound knife. The tumor was completely removed

and the resection specimen was collected in a plastic bag and

removed via a 6-cm incision on the low abdomen. A plasma

drainage tube was placed to monitor the left retroperitoneal

cavity drainage concerning volume, content, and color.

Operating time was 270 min and blood loss was 50ml.

However, free gas within the left pleural cavity was revealed in

the immediate postoperative color-Doppler ultrasound

examination. Pneumothorax was suspected after a CT scan of

the left lung. Closed thoracic drainages were initiated following

instant thoracic surgical consultation. Thoracentesis was smooth

and the patient was transferred to the PACU (post-anesthesia

care unit) for resuscitation. The postoperative course was

uneventful and the patient was discharged after 4 days. He was

satisfied with the operative outcome and complied with the

follow-up recommendations. Neither dysfunction nor tumor

recurrence was observed so far.

Grossly, a 5×5×4cm left adrenal tumor, in which, some

necros i s and tumor- l ike changes were observed .

Histopathology revealed a mixture of normal adrenal cells,

adipose tissue, and three major hematopoietic components:

myeloid, erythroid, and megakaryocytic lines (Figure 2). These

findings confirmed the diagnosis of adrenal myelolipoma.
Discussion

Adrenal lipomatous tumors are hormonally inactive and are

often benign, myelolipoma is the most common type of them

(6). Initially, it was mostly diagnosed as a postmortem finding.

The prevalence at autopsy was estimated to be 0.08–0.4% in an

autopsy series conducted in 1973 (7, 8). However, due to the

widespread use of imaging techniques and especially high-

resolution imaging procedures, incidental adrenal myelolipoma

is increasingly reported. A clear explanation of adrenal

myelolipoma etiology has not been determined. Several known

risk factors contribute to its pathogenesis, including

inflammation, degeneration, trauma, stress, obesity,

hypertension, diabetes, and Cushing’s syndrome (9, 10).

Reticuloendothelial cell metaplasia of adrenal capillaries,

emboli from bone marrow, and adrenal embryonic remnants

of hematopoietic elements have been suggested as postulated

mechanisms (3).
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Most AMLs occur unilaterally (more frequent on the right

adrenal), but the extra-adrenal localization, such as the presacral

area, spleen, stomach, thoracic, retroperitoneal, pelvic, renal,

hepatic, and osseous locations are also documented (11, 12).

The sexes are affected equally, primarily during their 5th and

7th decades of life (13–15). The majority of AMLs are

asymptomatic and hormonally inactive (10). Upon initial

diagnosis, the myelolipoma typically with a median size of 2–2.5

cm (usually <4 cm), in diameter (1, 14, 16). Tumors of a larger size

may be palpable or may cause symptoms as a result of mass effect,

even complicated by spontaneous bleeding and pain, which

ultimately lead to hemodynamic shock (17). While AMLs do

not generally synthesize hormones, they might sometimes coexist

with primary aldosteronism, congenital adrenal hyperplasia

(CAH), phaeochromocytoma, adrenal adenoma, and Cushing’s

syndrome, creating excessive adrenal hormone levels (18).

The diagnosis of AMLs can be reliable by imaging

techniques. A CT scan shows low-density fat (-10 to -30

Hounsfield units) mixed with higher-density marrow, which is

a useful feature in identifying myelolipoma. In addition, areas of

hemorrhage and calcification sometimes are found within the

tumor (19). While MRI is more sensitive to detecting the

macroscopic fatty tissue components, which usually

hyperintense on the T1-weighted images and heterogeneously

hyperintense on the T2-weighted images (20). On imaging,

although infrequently, it needs to be differentiated from

adrenocor t i ca l carc inomas wi th macroscop ic f a t ,
FIGURE 2

HE stains in (A) 10× view and (B) 40× view.
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retroperitoneal liposarcoma, adrenal lipomas, teratomas, and

angiomyolipomas (2, 21–24).

Conservative management by surveillance with regular imaging

follow-up is the therapy of choice for small, and asymptomatic

lesions (4, 25). Adrenalectomy is indicated when symptomatology

ensues, size greater than 4-7 cm, at a high risk of rupture and

bleeding, and suspicion of malignancy in an imaging study (4, 9,

10). As for AMLs >10cm, open surgery is recommended, while just

several reports of tumors being removed using minimally invasive

strategies. The laparoscopic operation was once considered

contraindicated for adrenal tumors exceeding 5-6 cm (26).

However, the laparoscopic approach is being increasingly used

and extended for larger-size adrenal tumors, and we found 18

articles published reported 23 cases in recent 10 years (3, 4, 17, 25,

27–40). Table 1 provides further details of these reports. Our

literature review observes that AML with diameters up to 16 cm

can be safely removed through transperitoneal laparoscopy (3, 4).

Only one patient converted to open exploratory laparotomy due to

multiple adhesions of the previous abdominal surgery which was

conducted 6 years ago for a motor vehicle accident (27).

Retroperitoneoscopic excision has also been reported as an

option, though in limited case quantities (40, 41). Our literature

review supports that laparoscopy is feasible and should be suggested

as the procedure of choice concerning post-operative comfort,

recovery time, scars, post-operative pain, and duration

of hospitalization.

As a minimally invasive approach, laparoscopic surgery has

well-known advantages over open procedures, including reduced

postoperative complications, better cosmetic results, and shorter

recovery time. Surgical site infection (SSI) is one of the common

postoperative complications, constituting critical damage to surgery

patients (42). While laparoscopic surgery shows better performance

in decreasing the incidence of SSI due to the smaller incision, less

blood loss, and fewer drainage times (43–45).

In addition, a small incision in the minimally invasive

procedure can relieve postoperative pain and minimize scarring

(46). Also, the time to first flatus, early oral diet restoration,

mobilization, and length of hospital stay favor the minimally

invasive operation (44). Therefore, more conducive to the rapid

rehabilitation of patients after surgery compared with the

open approach.

Although limited cases were reported, retroperitoneal routes

could also be utilized by the surgeon. Retroperitoneal laparoscopic

adrenalectomy, which provides more direct access to the adrenal

gland, approaches the lesion from the back without cutting the

peritoneum (47). The safety of retroperitoneal laparoscopy has been

confirmed by several meta-analyses (47, 48). Despite the

disadvantage of the limited operative space, the retroperitoneal

approach is now widely accepted as a fast and safe operation, with

the merit of shorter surgical time, less post-operative pain, reduced

complication rate, and faster recovery (49, 50). Direct access to the

adrenal gland, avoiding intraperitoneal organic injury, may

probably be the reason for these advantages.
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TABLE 1 Continued

First
Author

Year Country Size (cm) Sex Age Location Operation approach Chief complaint converted to
open

Operative
time

Blood loss
volume

Hospital
stays

no NR NR 3

yes NR NR 2

no NR NR 2

no NR NR NR

no NR NR NR

no NR NR NR

no 270min 25ml 2

hea no NR NR NR

no 120min NR 4

no NR NR NR

n no 210min 50-60ml 3

no NR NR NR

no 110min 50ml NR

no 117min 20ml 4

no 188min 160ml 4

no 152min 50ml 4

no 160min NR 2

Fe
n
g
e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
2
.10

5
8
2
11

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg
Alkhalifa AM 2020 Arabia 6×5 F 35 right adrenal transperitoneal
laparoscopic

asymptomatic

Alkhalifa AM 2020 Arabia 9 × 7 × 6.6 M 45 right adrenal transperitoneal
laparoscopic

right flank pain

Alkhalifa AM 2020 Arabia 6 × 5 × 4.5 F 47 left adrenal transperitoneal
laparoscopic

left flank pain

Yamamoto T 2019 Japan 14.3 F 69 left adrenal transperitoneal
laparoscopic

asymptomatic

Piskinpasa H 2019 Bangladesh Right:8×7×5;
Left:4.1×2.3

M 41 bilateral
adrenal

transperitoneal
laparoscopic

asymptomatic

Mhammedi
WA

2019 Morocco 8.5× 8.5× 4.5 F 20 right adrenal transperitoneal
laparoscopic

abdominal pain

Dotto RS 2019 Brazil 7.0×6.0×8.4 F 28 ectopic
adrenal

transperitoneal
laparoscopic

amenorrhea

Liu N 2018 China 13.5×10.5×6.5 F 26 left adrenal transperitoneal
laparoscopic

secondary amenor

Molnar C 2017 Romania 4×5 F 65 right adrenal transperitoneal
laparoscopic

right flank pain

Soveid M Md 2016 Iran 6.5 F 26 left adrenal transperitoneal
laparoscopic

left flank pain

Chaudhary R 2016 India 15×11 M 55 left adrenal transperitoneal
laparoscopic

left upper abdome
pain

Yang Y 2015 China 4×4×3.3 M 40 right adrenal transperitoneal
laparoscopic

asymptomatic

Park BH 2015 Korea 9.0×8.5 F 45 right adrenal transperitoneal
laparoscopic

right flank pain

Yamashita S 2014 Japan 4.5 M 49 right adrenal transperitoneal
laparoscopic

asymptomatic

Yamashita S 2014 Japan 5 F 40 right adrenal transperitoneal
laparoscopic

asymptomatic

Yamashita S 2014 Japan 3.5 M 45 right adrenal transperitoneal
laparoscopic

asymptomatic

Wu ZS 2013 Taiwan 3.6 M 30 right adrenal posterior
retroperitoneoscopic

asymptomatic

NR: Not Reported.
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Notably, our patient suffered from pneumothorax immediately

after the procedure. The injury to the diaphragm and pleura caused

by electrocautery during the dissection of the left adrenal gland

tumor was speculated to be the cause of the left-sided

pneumothorax. A similar condition secondary to laparoscopic

adrenalectomy has previously been observed and reported

elsewhere (51–53). Even though the incidence was not high, this

experience reminded us to pay close attention to the gentle

operation and be vigilant of complications. Since the injury

wound is typically small, the pneumothorax can be resolved by

suturing the tear under laparoscopy (52). In the present study, we

performed a thoracocentesis after the abdominal cavity was closed.

The patient recovered well without chest pain or dyspnea.

In addition, histological grading has important prognostic

implications. Therefore, exact histological grading is critical for

guiding the following management (54). In future research, we will

strengthen cooperation with the Pathology department, conducting

a large pathological review of the adrenal myelolipoma and

consequently better individual treatment and prognosis.

To sum up, the detection of adrenal myelolipoma increased

with the development of imaging modalities. However,

insufficient awareness of this adrenal incidentaloma exists

among clinicians. Studies for establishing a common guideline

on the management of adrenal myelolipoma are needed. We

suggest laparoscopy could be a safe and effective surgical

approach for the treatment strategy.
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Background:Mixed gangliocytoma-adenoma (MGA) is a rare tumor of pituitary

gland. It’s difficult to distinguish it from pituitary adenoma by clinical

manifestations, imaging features or serological testing. Thus, the

histopathological examination is still the golden standard for diagnosis.

Besides, studies on molecular level are still lacking.

Case information: In this case report, we described a 28-year-old male with

MGA presenting as acromegaly, who suffered staging operation and post-

operation gamma knife radiosurgery, but finally died of secondary

hyperglycemic hyperosmolar collapse. A complete data including clinical,

histopathological, ultrastructural and single-cell transcriptome level

information were collected and analyzed.

Conclusion: This case report detailed the only clinical and molecular report of

MGA following operation and radiotherapy. Complete clinical data enhanced

the understanding of the diagnosis and treatment of this disease. Besides, the

single-cell transcriptome sequencing analysis further disclosed the intra-

tumoral heterogeneity and provided support for subsequent basic research.

KEYWORDS

mixed gangliocytoma-adenoma, pituitary tumors, acromegaly, single-cell
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Introduction

Mixed gangliocytoma-adenoma (MGA) is a kind of collision

tumor of the pituitary gland, which was first written into World

Health Organization (WHO) Classification of pituitary tumors

in 2017 (1, 2). It is rarely seen among pituitary tumors,

accounting for 0.29% approximately and often presenting the

same kind of clinical symptoms as pituitary adenomas (3). Up to

now, no more than 200 cases had been reported worldwide, and

research on the diagnostic, therapeutic and molecular

pathological aspects of the disease is still lacking (4). The aim

of this study is to report a MGA, to be more precise, a growth

hormone (GH) secreting type presenting as acromegaly. The

clinical course, imaging features, blood hormone levels,

histopathologic features, ultrastructural features and single-cell

transcriptome characterization of the case were included in this

study. This case report followed the CARE Guidelines (5).
Case description

Clinical course

The patient was a 20-year-old Chinese male who developed

symptoms and signs of acromegaly within three years prior to

hospitalization, including enlargement of the hands, feet, nose

and jaw, thicker skin, deepening of the voice, and myocardial

hypertrophy, etc. (Figure 1A). Over the one-month period

before admition, he developed headache, hypertension,

diabetes, reduced vision, visual field defects and polyuria.

Blood hormone level screening showed the serum growth

hormone level of him was over 40ng/mL (0.06-5.00ng/mL),
Frontiers in Oncology 02
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and the Insulin-like growth factor-1(IGF-1) was 1567ng/mL

(127~424ng/mL). The MRI revealed a solid-cystic lesion

located in the enlarged and sunken sellar turcica, measuring

about 44mm*27mm*37mm. The lesion presented with equal T1

and T2 signals, and showed significantly inhomogeneous

enhancement. The MRI also showed an invasive behavior with

mass effect on the optic chiasm, left cavernous sinus

involvement, and internal carotid artery encased (Figure 1B).

Due to the relatively large size of the tumor and the location

both within the sellar and supra-sellar, it was difficult to remove it at

once. So, the doctor suggested a staged tumor resection plan. For the

first time, the tumor was removed from the sellar using a

transnasal-sphenoidal approach. Intraoperatively, the tumor was

seen to be grayish-red in color, with a heterogeneous texture and a

relatively rich blood supply. The operation was successful with no

postoperative complications like cerebrospinal fluid leakage. After

the first surgery, the serum GH level decreased to some extent but

was not well controlled and remained at about 18ng/mL (0.06-

5.00ng/mL). Eleven months later, the patient underwent a second

surgery with the frontolateral approach to remove the suprasellar

and parasellar part of the tumor. However, due to the hard texture

of the tumor encircling the left internal carotid artery, some of the

tumor body remained (Figure 1C), and the postoperative serumGH

level still did not drop to normal level which was about 7ng/mL

(0.06-5.00ng/mL). Three months after surgery, the patient further

underwent gamma knife radiation therapy. Unluckily, it did not

show significant efficacy after treatment. Then, the doctor suggested

a growth inhibitor analog injection therapy, but the patients denied

due to the weak economic condition. Four months later, the patient

developed a severe hyperosmolar hyperglycemic syndrome with

blood glucose exceeding 35 mmol/L, resulting in electrolyte

disturbances and secondary coma. Finally, the patient died of
FIGURE 1

(A) The hands of normal and acromegaly people. (B) Preoperative MRI, 44mm× 27mm×37mm in size, with left cavernous sinus involvement, and
internal carotid artery encased. (C) Postoperative MRI, show the residual tumor encircling the left internal carotid artery.
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ineffective resuscitation in 33 months after the first surgery. Time

line of the clinical course was shown in Figure S1.
Histopathological examination

The hematoxylin-eosin (HE) staining revealed cap-like

gangliocytoma cells surrounding the adenoma cells (Figure 2A).

Further immunohistochemistry profile showed strongly positive

for GH and Synapsin, scattered positive for Prolactin(PRL) and

Ck8/18, and about 5%monoclonal antibody (MIB)-1 proliferative

index positivity (Figures 2B–D). Immunofluorescent staining

show strong positive for Pituitary transcript factor 1(Pit-1)

(Figure 2E), which further proved its Pit-1 lineage origin. These

findings are characteristic of the diagnosis of MGA. Further, the

ultrastructure observed by electron microscope showed that

tumor cells were densely distributed, with nuclei of different

sizes, intracytoplasmic fibrous vesicles, round secretory granules

within the fibrous vesicles, and scattered capillaries in the

interstitium (Figure 2F). The suspicious gangliocytoma cells

were large and contain abundant cytoplasm and Nissl granules.
Single cell transcriptome
sequencing analysis

Single-cell transcriptome sequencing analysis was performed on

fresh tumor tissue obtained during two surgeries, 89 cells from the
Frontiers in Oncology 03
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first surgery and 120 cells from the second surgery. First, a modified

Single-cell Tagged Reverse Transcription sequencing (STRT-seq)

technique (6) was applied and the single-cell RNA sequencing

(scRNA-seq) data was obtained through Illumina sequencing.

Then, information on chromosome copy number variation (CNV)

was obtained by the InferCNV method based on scRNA-seq data,

and a comparison of the CNV profiles of the two specimens revealed

that two specimens had gain in chromosome 4, while chromosome

11 deletion was only detected in the specimen obtained from the first

surgery, thus suggesting the possible existence of temporal and

spatial heterogeneity within the tumor (Figure 3A). Then, all the

209 cells were analyzed by principal component analysis (PCA), and

the results showed that the cells were almost clustered together, and

only little part of cells (7/209) had cell cycle heterogeneity, which

indicated that the heterogeneity within the tumor was small and

about 3% of cells was in the process of mitosis (Figure 3B). At last,

the differentially expressed genes of this case were analyzed and the

biological processes (BP) corresponding to them were clarified by

Gene Ontology (GO) enrichment analysis, in which the biological

processes that were more involved were “Cytoskeleton

Organization”, “anatomical structure development”, and “cellular

component assembly involved in morphogenesis”(Figure 3C).
Discussion

One category of tumors highlighted in 2017 WHO

classification is neuronal and paraneuronal tumors, which
FIGURE 2

(A) Hematoxylin-eosin HE revealed cap-like gangliocytoma cells surrounding the adenoma cells. (B) Immunohistochemistry showed strongly
positive for growth hormone. (C) Immunohistochemistry showed strongly positive for synapsin. (D) Immunohistochemistry showed scattered
positive for Prolactin (PRL). (E) Immunofluorescent staining show strong positive for Pituitary Transcript Factor 1(Pit-1). (F) The ultrastructure
observed by Electron microscope.
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includes gangliocytoma and mixed gangliocytoma-adenoma,

neurocytoma, paraganglioma and neuroblastoma, all of which

are rare tumors, but they are of particular importance in the

differential diagnosis of pituitary tumors (1, 2, 7, 8). This study

highlights a case of mixed gangliocytoma-adenoma, which has a

very low incidence, found to be only 0.29% (14/4891) in a

retrospective German study that included 4891 pituitary

lesions (3). Currently, there are three hypotheses regarding the

pathogenesis of the disease: 1) Neuronal differentiation

hypothesis. It is believed that most ganglion cell tumors in the

sellar are the result of neuronal differentiation and chemosis in

pituitary adenomas. Evidence supporting this hypothesis

includes that both pituitary adenomas and ganglion cells can

be observed microscopically (9). In a pathological study, Mikami

et al. found that mixed gangliocytoma-adenoma is an

intermediate morphological ce l l that l ies between

gangliocytoma and GH or PRL cell adenoma (10). It is

generally believed that ganglion cells have no hormone-

secreting capacity, but Li et al. found positive pituitary

hormone expression in some tumor cells by performing

neuron-related immunohistochemical staining of ganglion cell

tumors in the sellar area (11). In addition, in vitro culture of

anterior pituitary cells revealed that they can be converted into

ganglion cells with different degrees of differentiation, providing
Frontiers in Oncology 04
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a theoretical basis that pituitary adenomas can undergo neuronal

transformation (12). 2) Residual ganglion cell hypothesis. It is

believed that the ganglion cells that originally disappeared from

the posterior pituitary gland due to excessive differentiation, like

hypothalamic neurons, had the ability to release prohormone-

releasing hormone, which can stimulate the occurrence of

pituitary adenoma (13). At the same time, the ganglion cells

are stimulated by the excessive secretion of prohormone-

releasing hormone from the adenohypophysis and

hypothalamic neurons, and eventually become tumorigenic

(9). 3) Pituitary multipotent stem cell hypothesis (14). In 2006,

Kontogeorgos et al. found that typical pituitary adenoma cells

could express NFP, suggesting that pituitary adenomas have

neuronal properties (15).

The clinical and imaging manifestations of mixed

gangliocytoma-adenoma are essentially indistinguishable from

pituitary adenoma, making preoperative diagnosis more

difficult. This case presented clinically with acromegaly. On

cranial MRI, the tumor was predominantly solid with

occasional cystic changes. Also, it showed aggressive growth

on imaging, invading the left cavernous sinus and encircling the

internal carotid artery. So, a staged resection strategy was

adopted. However, due to the tough texture of the cavernous

sinus segment, a total dissection could not be achieved, and the
A

B

C

FIGURE 3

(A) Copy number variation (CNV) profiles of the two specimens: first surgery(scPA1) and second surgery(scPA2), show gain in chromosome 4
(both), and chromosome 11 deletion in scPA1 only, indicated the possible existence of temporal and spatial heterogeneity within the tumor.
(B) Principal component analysis (PCA) showed that the cells were almost clustered together, and only little part of cells (7/209) had cell cycle
heterogeneity (PC2 represented cell cycle related genes). (C) GO enrichment analysis of the differentially expressed genes of this case, the top
30 biological processes (BP) term were listed.
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oculomotor nerve was disturbed during the operation which

leaded to postoperative oculomotor nerve palsy. In recent years,

with the development of endoscopic technique, some medical

centers had attempted to resecting the intrasellar and parasellar

lesions through a combined endoscopic transsphenoidal and

craniotomy strategy (16, 17). Three months after the

postoperative interval, the patient underwent Gamma Knife

treatment, but the results were not satisfactory. Gamma knife

radiosurgery has emerged as a relatively safe management

option for patients (e.g., when cavernous sinus or dural

invasion prevents total resection) with adjuvant treatment after

sub-total resection of the lesion, or as primary treatment for

selected patients when the risk of surgery is considered too high.

The reported incidence of new endocrine disorders after

radiosurgery was typically in the range of 25% to 40%, with a

lower incidence of hypopituitarism approaching 20% (18). With

recent multicenter study series showing that functional pituitary

adenomas require higher therapeutic doses than nonfunctional

pituitary adenomas and that patients with high doses of pituitary

stalk irradiation in Gamma Knife treatment are at higher risk for

post-Gamma Knife treatment endocrine disorders, the risk

burden of achieving long-term endocrine remission remains a

concern in current treatment approaches (18, 19). Eventually,

the patient died of sudden syncope due to secondary

hyperglycemic hyperosmolar syndrome. It has been reported

that 15% to 38% of patients with acromegaly develop reduced

glucose tolerance or diabetes, and high GH leads to abnormal

glucose metabolism through several pathways, with insulin

resistance being the predominant mechanism (20). High GH,

advanced age, long duration of disease, family history of

diabetes, and hypertension are risk factors for the development

of abnormal glucose tolerance in patients with acromegaly (21).

Through the diagnosis and treatment process of this case, we

further understood the refractory nature of mixed

gangliocytoma-adenoma, especially the growth hormone type,

which is often accompanied by systemic damage, and can greatly

affect the patient’s quality and expectancy of life. The authors’

opinion was: 1) Surgical resection remains the preferred first-line

treatment; after all, surgery can immediately reduce GH and

IGF-1 to lower levels as well as improve signs and symptoms and

obtain a pathologic histologic confirmation. 2) In surgery,

resection of pituitary adenomas extending into the cavernous

sinus is aggressively pursued; however, residual tumor in the

cavernous sinus is inevitable. 3) The efficacy of Gamma knife

treatment of residual or recurrent MGA presenting as

acromegaly still needs to be tested. 4) It has also been shown

that appropriate use of growth-inhibiting drugs during Gamma

Knife treatment, while waiting for IGF-1 normalization, may

allow patients with acromegaly to achieve endocrine remission.

However, the cost of treatment with growth inhibitors is very
Frontiers in Oncology 05
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high and imposes a heavy financial burden on patients.

Therefore, it is important to explore effective lifelong

alternative treatment options for patients with persistent

acromegaly after surgical resection.

Currently, the diagnosis of MGA relies on postoperative

pathological examination, including histomorphological

observation and immunohistochemical staining (4, 22).

Ganglion cells are distributed in clusters or scattered in the

rich nerve fiber network, with eosinophilic cytoplasm and

binucleated or multinucleated; while pituitary adenoma cells

are diffusely distributed, with round or ovoid nuclei, uniformly

slender and loose chromatin, granular cytoplasm, partially

vacuolated cytoplasm, and abundant interstitial blood sinuses.

Often, these neuronal tumors are situated cap-like over the

adenomas, with no obvious boundary between them.

Immunohistochemical staining reveals positive expression of

markers of ganglicytoma (e.g. SYN, Ck8/18, CgA, S-100, etc.)

and positive expression of pituitary cell hormones (e.g. GH, PRL,

TSH, ACTH, LH, FSH, etc.). It has also been reported that

GHRH is expressed in ganglion cells in MGA with acromegaly

(23), and CRH is expressed in ganglion cells in MGA with

Cushing’s syndrome (24). As for adenoma component in MGA,

half is GH adenoma type as reported by Saeger in a Germany

cohort with 14 cases included, but there are also reports related

to prolactin adenoma, gonadotropin, and ACTH adenoma (3,

25, 26). In this case, tissue observation, immunohistochemistry,

and electron microscopic ultrastructural observation were

performed and were consistent with previous reports.

In addition, to explore the intratumoral heterogeneity of

MGA, we also performed a pioneering single-cell transcriptome

sequencing analysis of specimens from both surgeries to explore

the tumor cell composition structure, intratumoral heterogeneity

of the tumor, and functional types of cells at the single-cell level.

Single-cell transcriptome sequencing is a relatively new

technology for high-throughput transcriptome sequencing at the

individual cell level, which can effectively address the challenges of

cell heterogeneity and transcriptome heterogeneity within cell

populations that are masked by bulk RNA-seq, and help

discover new rare cell types and gain insight into the

mechanisms of expression regulation during cell growth (27,

28). Through single-cell level studies, we found some temporal

and spatial heterogeneity in the intratumoral cells of MGA, as

evidenced by differences in the CNV profiles of the two specimens.

However, at the transcriptomic level, the transcriptomic gene

expression patterns of the cells obtained from the two specimens

were extremely similar, with only a small fraction of cells in

mitosis, which in turn suggested that MGA is a tumor with less

intratumoral heterogeneity and inactive proliferation, which is

consistent with previous studies of pituitary adenomas at the bulk

level (29–31). We then focused on the functional properties of the
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adenomatous component of growth hormone in MGA, and

obtained the more active biological processes within the tumor

by GO analysis. However, unfortunately, no ganglion cells were

found in the 209 single cells we obtained by analyzing their gene

signature. We speculated that this might be related to the

insufficient number of cells taken, therefore, we also intended to

further search for ganglicytoma cells by increasing the specimen

volume in future studies.
Conclusion

Mixed gangliocytoma-adenoma presenting as acromegaly is

a rare CNS neoplasm which is not that benign, because it’s

growth hormone over-secretion behavior can cause severe

damage to various systems of the body, and once it shows an

invasive growth pattern, it is hard to achieve anatomic and

functional resection, thus seriously affects the quality and span of

patients’ life. MRI findings are useful to make a surgery

planning, but the histopathological examination, including a

full immunohistochemistry panel, is essential to correctly

diagnose MGA. With a high probability, single-cell molecular

testing can help deeper understanding the pathogenesis of the

disease, but more cases will be needed in the future.
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Introduction: Solitary metachronous small bowel metastasis from renal cell

carcinoma (RCC) is rare. In contrast to idiopathic intussusception frequently

occurring in children, adult intussusception is fairly uncommon and usually

indicates a malignancy.

Case presentation: We presented an 84-year-old man with small bowel

intussusception and obstruction due to a solitary metachronous metastasis

from RCC. Computed tomography with intravenous contrast revealed small

bowel obstruction and a 4 × 4 cm intraluminal soft-tissue mass with moderate

enhancement. During urgent exploratory laparotomy, a pedunculated tumor of

the distal ileum was found to be the lead point of intussusception. Hence,

reduction of the intestinal invagination and segmental resection of the ileum

with functional end-to-end anastomosis were performed. Histological

examination finally confirmed the diagnosis. The postoperative recovery was

uneventful. The patient was discharged without any complications on

postoperative day 6.

Conclusion: The case report highlights the rarity of solitary metachronous

small bowel metastases from RCC and suggests that life-long follow-up of

RCC patients is critical due to its unpredictable behavior and the possibility of a

long period of dormancy. Complete surgical resection remains the mainstay

treatment for such patients.
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Introduction

Renal cell carcinoma (RCC) is the third most frequently

diagnosed cancer among urological tumors, with an estimated

annual incidence of 0.4 million cases worldwide (1). RCC is a

male-predominant (2:1 ratio) malignancy. It appears between 60

and 80 years old, with a median age of approximately 64 years

and a near-normal distribution (2). Clear cell RCC (ccRCC)

represents the most prevalent histological subtype of RCC (70-

80%) and accounts for most RCC-related deaths (3). Partial or

radical nephrectomy remains the gold standard in localized

ccRCC therapy (4).

Nearly one-third of localized ccRCC patients will eventually

develop metastases even after curative nephrectomy (5). Distant

metastases in metastatic RCC (mRCC) patients are most

frequently found in the lung (45.2%), followed by the bone

(29.5%), lymph node (21.8%), liver (20.3%), and adrenal gland

(8.9%), whereas the proportion of small bowel metastasis is

extremely low (1.1%) (6). Portocaval venous shunts may

facilitate small bowel involvement. Metachronous metastasis of

RCC may occur more than a decade after the initial presentation

and diagnosis. Despite significant progress in systemic treatment

over the past two decades, en bloc resection of the

oligometastatic disease is still a curative option for late RCC

metastasis (≥ 2 years) (7).

Adults have intussusception less frequently than children,

accounting for less than 5% of all intussusception and 1% of

bowel obstruction cases (8). The most frequent pathologic

condition that causes adult intussusception is malignancy, and

the small bowel is the most affected site (9, 10). Nevertheless,

gastrointestinal tract metastasis usually develops from breast

cancer, melanoma, lung cancer, and esophageal squamous cell

carcinoma, with the small bowel being the least involved site

(2%) (11, 12). As a result, initial reduction combined with

surgical resection remains the mainstay treatment in adult

small bowel intussusception (13).

Following the principles of the CAse REport (CARE)

guidelines (14), we reported a small bowel intussusception

ascribed to an intramural cauliflower-like mass that proved to

be a metastasis from a ccRCC 5 years after radical nephrectomy.

In contrast to our case, most adult small bowel intussusceptions

are benign illnesses, while large bowel involvement is likely to be

malignant. The present case highlights the need for clinicians to

maintain a high index of suspicion of metastasis when assessing

the occurrence of new symptoms in these patients with a distant

history of presumably curative cancer treatment.
Case presentation

In September 2021, an 83-year-old male patient presented to

the emergency department with intermittent abdominal pain

and distention accompanied by cessation of passage of flatus and
Frontiers in Oncology 02
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stool for 3 days. The concurrent medical problems included type

2 diabetes mellitus and pulmonary emphysema for more than 30

years. More significantly, he underwent left radical nephrectomy

for ccRCC (pT3aN0M0, Fuhrman Grade 3) 5 years previously.

The scheduled four cycles of adjuvant therapy with tyrosine

kinase inhibitor sunitinib were discontinued because of patient

intolerance. Computed tomography (CT) and serum tumor

marker levels showed favorable local control and no signs of

distant progression during intensive surveillance. The last

follow-up visit was just 6 months before this admission.

On admission, he was afebrile with negative result of

coronavirus disease 2019 testing. The blood pressure was 123/

84 mmHg, and the heart rate was 105 beats per minute. Physical

examination revealed pallor, mild dehydration, abdominal

distention, and metallic bowel sounds, without rebound

tenderness and palpable abdominal mass. Blood tests indicated

iron deficiency anemia (hemoglobin, 9.8 g/dL; reference range,

13.0 – 17.5 g/dL) and an elevated percentage of neutrophils

(87%; reference range, 40 – 75%). CT of the chest and abdomen

with intravenous contrast demonstrated small bowel obstruction

due to intussusception of the distal ileum containing an

approximately 4 × 4 cm intraluminal soft-tissue mass with

moderate enhancement (Figures 1A, B). No lung, bone, or

liver metastasis or local relapse of RCC was visible on

radiologic examination.

Complying with the multidisciplinary team’s decision, the

patient underwent an urgent exploratory laparotomy. After the

reduction of intestinal invagination, a solitary ileal neoplasm was

found to be the lead point of the intussusception (Figure 1C).

Hence, segmental resection of the ileum was performed together

with primary functional end-to-end anastomosis. Gross

examination of the surgical specimen indicated a 4 × 3 × 3-cm

taupe cauliflower-like, pedunculated tumor protruding into the

ileum (Figure 1D).

Postoperatively, the patient was transferred back to

the gastrointestinal surgical ward after spending 1 day in the

surgical intensive care unit. Under the guidance of the enhanced

recovery after surgery protocol, the patient’s convalescence was

unremarkable, with oral feeding beginning on postoperative day

(POD) 3 and discharge on POD 6. The patient received no

additional treatment due to his venerable age and underlying

diseases. To date, the 1-year follow-up has been uneventful. The

timeline with relevant data from the episode of care is shown

in Figure 2.

Hematoxylin and eosin staining showed compact nests of

tumor cells with clear cytoplasm separated by delicate

vasculature (Figure 3A). The diagnosis of the ileal metastasis

f r om ccRCC was e s t ab l i s h ed v i a t h e f o l l ow ing

immunohistochemical results: PAX-8 (+), CD10 (+), EMA (+),

CK7 (-), CAIX (+), FH (+), SDHB (+), TFE3 (-), and Ki-67 (+,

30%) (Figures 3B-D). A total of 9 mesenteric lymph nodes were

identified without tumor involvement. Additionally, genetic

testing was declined by the patient’s family members.
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Discussion

A systematic electronic literature search was conducted in

the PubMed, Embase (OVID interface), and Cochrane Central

Register of Controlled Trials databases using medical subject

headings and text words related to “solitary metachronous small

bowel metastasis from RCC” to obtain relevant case reports

published through 10 May 2022. The term “solitary

metachronous small bowel metastasis from RCC” was defined

as the small bowel metastasis diagnosed more than 6 months
Frontiers in Oncology 03
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after partial or radical nephrectomy for localized RCC. The

search strategy and syntax for the PubMed database are shown

in the Supplementary material. Papers with non-English

language, animal subjects, or unavailable full text were

excluded. The general characteristics of the included studies

were extracted and entered into a preplanned electronic form

(Table 1). The pooled data were interpreted in a descriptive and

narrative manner.

Finally, 48 potential studies were included for the evaluation,

in which 21 cases with solitary metachronous small bowel
FIGURE 1

(A, B) Computed tomography images demonstrating small bowel obstruction due to intussusception of the distal ileum (white arrows) containing an
approximately 4 × 4 cm intraluminal soft-tissue mass (red arrows). (C) An intraoperative photo confirming intussusception whose lead point was a
solitary ileal neoplasm. (D) Gross image of the surgical specimen with a 4 × 3 × 3-cm taupe cauliflower-like, pedunculated tumor.
FIGURE 2

Timeline of the case presentation with relevant data. CT, computed tomography; SICU, surgical intensive care unit; ERAS, enhanced recovery
after surgery; ccRCC, clear cell renal cell carcinoma.
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metastases from RCC that had been reported between 1952 and

2020 met the inclusion criteria (15–34, 36, 37). The other cases

in different publications were excluded due to synchronous,

multiple metastases, or lack of additional radiological

examination to check for metastases in other sites. The

number of published case reports has increased in the last

decade. Patients aged 60 years or older accounted for 81.8% of

the enrolled instances (18/22). Like the primary RCCs, clear cell

disease was the predominant histological subtype in these small

bowel metastases (3). The disease course ranged from 8 months

to 20 years post curative nephrectomy. Given the longer survival

of RCC patients in the era of targeted therapy and

immunotherapy, we are convinced that more late metastases

will be identified (38, 39).

Ileal metastases from RCC were rather uncommon in our

literature review when compared to duodenal and jejunal

metastases. Although some subtypes might exhibit regional

lymph node involvement, RCC is notable for hematogenous

metastasis (40). Viadana et al. found that RCC first metastasizes

to the lung via the renal vein and inferior vena cava before

spreading systemically to multiple organs (41). However, our

case revealed that small bowel metastasis may happen before

lung metastasis. Furthermore, a clear cell sarcoma-like tumor of

the gastrointestinal tract that primarily affects young-aged to

middle-aged individuals is increasingly recognized as a primary

neuroectodermal malignancy with clear cell morphology and a

predilection for the small bowel (42). Besides, S-100 (+), SOX

(+), and EWSR1 gene fusions are essential to confirming the

diagnosis (43).

Small bowel metastases from RCC exhibit various biological

characteristics (44). We found that the most typical clinical
Frontiers in Oncology 04
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presentations were gastrointestinal bleeding, melena, and

secondary iron deficiency anemia. Willis et al. discovered that

metastatic small bowel lesions typically form in the submucosa

and cause mucosal rupture and ulceration (Borrmann

classification type II or III) and bleeding (11, 45). Some

individuals might experience non-specific symptoms, such as

intermittent blunt abdominal pain, weakness, and weight loss. In

addition, intussusception and perforation could occur in rare

cases. Intestinal intussusception is primarily caused by the

pedunculated small bowel tumor that originates from the

submucosa and represents dimple formation on the serosa.

Unlike idiopathic intussusception in children, intussusception

in adults and the elderly is uncommon but typically associated

with an underlying pathology (37).

The significance of radiological screening should be

emphasized in patients with atypical symptoms and an RCC

history. Small bowel series is inferior to CT as a practical and

effective tool in assessing suspicious small bowel lesions,

especially in the emergency setting (34). Capsule endoscopy

can facilitate the localization of occult bleeding and intraluminal

masses and shorten the diagnosis time (36). Besides, single- or

double-balloon enteroscopy can assist in hemostasis and biopsy

(26). The Tc-99m tagged red blood cell scan can be used for

gastrointestinal hemorrhage to show the hypervascular

characteristics of the intestinal lesion and guide additional

angiography (21). Exploratory laparoscopy and laparotomy

can be performed to help verify the diagnosis after getting

informed consent.

Systemic treatment should be considered for individuals

with medically inoperable RCC (3). Several immune

checkpoint inhibitors were initially tested for RCC in the
FIGURE 3

Pathological findings of the surgical specimen. (A) Hematoxylin & eosin staining showing compact nests of tumor cells with clear cytoplasm
separated by delicate vasculature (magnification power: 20×). Immunohistochemical staining of the tumor revealing (B) PAX-8 (+), (C) CD10 (+),
and (D) EMA (+) (magnification power: 20×).
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TABLE 1 General characteristics of the reported cases of solitary metachronous small bowel metastasis from RCC.

First author& Year Country Age (years) Years post- Location of Clinical presentation Diagnostic tools Type
of RCC

Treatment
Strategy

Follow-
up

period

S & surgical
ploration

clear cell surgery /

eriography &
doscopy

/ hemostasis 6 months

doscopy & CT / surgery /

rgical exploration &
thologic examination

clear cell surgery 6 months

CP clear cell surgery 2.5 years

CP with side-viewing
doscope

clear cell surgery /

ntigraphy / surgery /

RE / surgery /

thologic examination
frozen sections

clear cell surgery 10 moths

/ surgery /

doscopy & biopsy clear cell surgery 7 moths

& DBE clear cell surgery 6 months

doscopy & biopsy / surgery /

clear cell surgery /

clear cell surgery /

doscopy & biopsy clear cell PTBD /

S & pathologic
amination

clear cell surgery 18 months

doscopy & biopsy clear cell discharge# 1 week※

& CT clear cell surgery 13 months

(Continued)

Y
an

g
e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
2
.10

72
4
8
5

Fro
n
tie

rs
in

O
n
co
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g
y

fro
n
tie

rsin
.o
rg
Reference # & Gender nephrectomy metastasis

Starr A (15) 1952 USA 72 F 20 jejunum anemia, occult bleeding in the stool SB
ex

Nyhan AL (16) 1987 USA 17 M 1 duodenum massive upper gastrointestinal bleeding art
en

Robertson GS (17) 1990 USA 70 M 12 duodenum weakness, melena en

Toh SK (18) 1996 UK 69 F 10 duodenum lethargy, colicky abdominal pain,
indigestion, anorexia, weight loss, anemia

su
pa

Leslie KA (19) 1996 USA 78 F 10 duodenum upper abdominal discomfort, pruritus ER

Janzen RM (20) 1998 Canada 75 M 17.5 duodenum maroon-colored stools, anemia ER
en

Nguyen BD (21) 1998 USA 67 M 20 ileum intestinal bleeding sci

Masselli G (22) 2004 Italy 75 F 4 ileum nausea, melena, loose stools M

Chang WT (23) 2004 China 63 F 9 duodenum upper gastrointestinal bleeding pa
of

Bahli ZM (24) 2007 UK 65 F 1 jejunum tiredness, weight loss, intermittent
abdominal pain

CE

Adamo R (25) 2008 USA 86 F 13 duodenum fatigue, anemia, anorexia, early satiety,
weight loss

en

Takeda T (26) 2011 Japan 75 M 6 jejunum tarry stools CE

Karahan N (27) 2011 Turkey 69 M 6 jejunum bloody vomiting en

Vazquez C (28) 2011 Uruguay 68 M 1 jejunum gastrointestinal bleeding CE

Cohen DL (29) 2013 USA elderly M 9 jejunum iron deficiency anemia, intermittent rectal
bleeding

CE

Chowdhury SD
(30)

2014 India middle-aged M 6 duodenum cholestatic jaundice, recurrent cholangitis en

Ismail I (31) 2015 Australia 66 M 19 jejunum vomiting, abdominal pain SB
ex

Segura UV (32) 2017 Mexico 48 F 1 duodenum burning, sharp epigastric pain,
hematemesis, melaena

en

Boullosa PE (33) 2017 Spain 71 F 6 jejunum melena, anemia CE

207

https://doi.org/10.3389/fonc.2022.1072485
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


TABLE 1 Continued

First author& Year Country Age (years)
& Gender

Years post-
nephrectomy

Location of
metastasis

Clinical presentation Diagnostic tools Type
of RCC

Treatment
Strategy

Follow-
up

period

68 F 4 jejunum abdominal pain CT & surgical
exploration

clear cell surgery 6 months※

a 62 M 0.66 duodenum upper abdominal pain jaundice, general
weakness, gastric outlet obstruction

duodenoscopy & biopsy clear cell surgery 14 years

59 M 3 jejunum intermittent tarry stool CE clear cell surgery /

from the hospital. ※The patient died.
l series; CT, computed tomography; ERCP, endoplasmic retrograde cholangiopancreatography; MRE, magnetic resonance enteroclysis; CE, capsule endoscopy; DBE, double-balloon enteroscopy; PTBD,
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Reference #

Mundath V (34) 2017 India

Ignatavicius P (35) 2018 Lithuani

Lin KH (36) 2020 China

#The patient requested voluntary discharge
RCC, renal cell carcinoma; SBS, small bowe
percutaneous transhepatic biliary drainage.

https://doi.org/10.3389/fonc.2022.1072485
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yang et al. 10.3389/fonc.2022.1072485
adjuvant setting (46, 47). Nevertheless, more prospective phase

III clinical trials are needed to provide high-quality evidence. It is

necessary to conduct clinical and translational studies to

determine the phenotypic predictors of response and

resistance to each drug. Genetic testing can help select the

optimal treatment regimen. Therefore, systemic and surgical

treatments must be integrated to achieve a complete response

and to obtain a thorough understanding of the biological

features of RCC to explore new targets (48).

Meanwhile, complete metastasectomy of synchronous or

metachronous solitary RCC metastasis could improve the

patient survival (49). Thus, a conventional segmental resection

of the ileum was performed with negative margins and lymph

nodes in our case. Only one resected specimen reported by

Mundath et al. in our literature review revealed the involvement

of lymph nodes (34). Endoscopic hemostasis and transcatheter

embolization can be utilized as a bridge to surgery in patients

with massive gastrointestinal hemorrhage secondary to mRCC

(16). Besides, diverting ostomy and gastrojejunostomy are

recommended to ease obstruction-related symptoms in

unresectable tumors. Definitive radiotherapy rather than no

alternative treatment should be considered for RCC patients

with medically inoperable duodenal metastases from RCC.

In conclusion, our case suggests that life-long follow-up of

RCC patients is critical due to unpredictable tumor behavior and

the possibility of a long period of dormancy. Complete resection

of the solitary metachronous small bowel metastasis from RCC

is indicated as a life-saving procedure and a curative treatment to

cure metastasis-related complications. The present case report

and review of the English-language literature emphasizes the

rarity of this entity and recommends aggressive and tailored

surgical treatment for these patients.
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Hemangiomas are the most common noncystic benign hepatic tumors and are
usually incidentally discovered during routine radiological examinations. The
diagnosis of hepatic hemangiomas with a typical presentation is generally
easy with plain and cross-sectional imaging; however, it can be complicated
when hemangiomas undergo histological changes such as fibrosis. Sclerosed
hepatic hemangioma (SHH) is the extreme presentation of this fibrotic
process. These atypical lesions can be misdiagnosed as primary hepatic
malignancies or metastasis. Their diagnosis is established by histological
examination. We report the case of a patient with an SHH, which was
misdiagnosed as an intrahepatic cholangiocarcinoma. This article’s aim is to
draw attention to this infrequent pathology and underline the features of this
benign tumor that could suggest its diagnosis prior to surgery to avoid
unnecessary hepatic resections.

KEYWORDS

sclerosed, sclerosing, hemangioma, cholangiocarcinoma, liver

Introduction

Hemangioma is the most common noncystic benign hepatic tumor with an

incidence of 1%–20% in autopsy studies (1, 2). In a case series including 2008

patients who underwent hepatic resection, hemangiomas accounted for 41.7% of

benign tumors (3). They present a female predilection around 30–50 years old (4, 5).

In their vast majority, they are asymptomatic, and they are usually an incidental

finding during routine radiological examinations or during laparotomy or laparoscopy

for other abdominal pathologies (5, 6). When symptomatic, the main manifestation is

abdominal pain or discomfort, and the prevalence of complications (pain, enlarging

mass, rupture, Kasabach–Merritt syndrome) is extremely low (5, 7). Occasionally,

tumor enlargement is possible during pregnancy or treatment with oral contraception

(4). Spontaneous regression of hemangiomas occurs rarely (8).

Typical hemangiomas can be safely diagnosed during an ordinary radiological

workup with ultrasonography (US), computed tomography (CT), and/or magnetic

resonance imaging (MRI) (9). However, the diagnosis of hemangiomas can be

challenging when the lesions are complicated with necrosis, fibrosis, or calcification
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(10). Sclerosed hepatic hemangioma (SHH) is a rare entity, with

only 78 cases described in the literature, including this report.

Approximately 70% of SHH are diagnosed by surgical

resection vs. 25% by biopsy or radiology (11).

In the case reported herein, an SHH was misdiagnosed as an

intrahepatic cholangiocarcinoma, leading to surgical resection.

The tumor presented atypical features on radiological

examinations, and a definitive diagnosis was established on

histological examination.
Case report

We report the case of an 85-year-old Caucasian female patient

who presented at the outpatient clinic of gastroenterology with the

recent onset of vague abdominal pain localized in the epigastrium

and the right subcostal area. There were no signs of jaundice.

Clinical examination was normal.

Relevant clinical history included a right hemicolectomy

and adjuvant chemotherapy for an adenocarcinoma of the

colon, 16 years ago.

Laboratory tests were within normal limits.

Tumor markers such as carcinoembryonic antigen (CEA),

alpha fetoprotein (a-fp), and CA 19-9 were within normal

limits. Gastroscopy and colonoscopy did not detect any lesions.

An abdominal US showed a hypoechogenic lesion at the level

of the segment IV of the liver. On CT, the lesion showed no

enhancement in the arterial phase and no dynamic changes

between the portal venous phase and the delayed phase,

showing weak and heterogeneous mainly peripheral

enhancement. An abdominal MRI showed a mass (3 cm on its

greatest diameter) with malignant features in segments III and

IV. There was no intrahepatic biliary obstruction. A contrast-

enhanced ultrasound (CEUS) was performed a few days after

MRI confirmed the absence of any centripetal enhancement.

There were no previous examinations available for

comparison in our archives.

The overall appearance was highly suggestive of an

intrahepatic cholangiocarcinoma (Figure 1).

A fluorodeoxyglucose (FDG) positron emission tomography/

CT (PET/CT) scan did not show any high FDG uptake in the

liver or elsewhere. Despite a negative PET scan, with the rest of

the imaging studies suggesting cholangiocarcinoma, the

decision of a multidisciplinary reunion was in favor of a

surgical resection.

During surgery, a white-colored, well-demarcated soft tumor

was identified at the junction of segments III and IV. There were

no enlarged lymph nodes in the hepatoduodenal ligament, and

there were no signs of peritoneal carcinomatosis. Perioperative

liver ultrasound did not detect other lesions.

During resection, the tumor was found to be in contact with

the left hepatic duct, which was confirmed by a perioperative

cholangiography and a left hepatectomy was performed
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(Figure 2). Intraoperative histological analysis was not

performed.

The postoperative course was uneventful, and the patient

was discharged on the seventh postoperative day.

Microscopic examination showed a fibrous stroma and the

presence of vascular structures, with no malignant features

(Figures 3A,B). The histological image was compatible with a

sclerosed hemangioma.
Discussion

SHH is an infrequent variant of hemangioma and is

exceedingly difficult to differentiate from hepatic malignancies

(11). There is an intense presence of fibrous tissue in which

small vessels are occasionally detected (12).

Typical hemangiomas can be safely diagnosed during an

ordinary radiological workup with US and CT/MRI (9).

Hemangiomas present as hyperechoic, homogeneous lesions

compared with normal parenchyma on US (4). Nevertheless,

large or massive hemangiomas may also contain heterogeneous

areas (7). On unenhanced CT scan, hemangiomas present as

hypodense areas similar to liver vessels. After contrast injection,

there is peripheral nodular enhancement and a fill-in of the

lesion over time (5). Hemangiomas present with a hypointense

signal on T1 IRM and a strongly hyperintense signal on T2-

weighted images. The dynamic behavior with centripetal

progressive enhancement is the same as described for CT (4, 5,

13, 14). MRI is the best performing imaging modality to

diagnose liver hemangiomas with high specificity and

sensitivity rates (4, 5, 14). Arteriography is rarely used prior to

surgery (7). There is no uptake on PET scan (4). In a series of

hepatic masses, including two typical hemangiomas, these

lesions had no increased uptake on 18F-FDG PET, and on the

other hand, they presented as hypometabolic regions on 11C-

acetate PET imaging (15).

On the contrary, as stressed by Yamashita et al. in the case

of SHH, the interpretation of radiological features alone can

often lead to misdiagnosis, as they are similar to those of

hepatic malignancies (2, 16, 17). In the radiological study by

Jia et al. in 2021, 75% of SHH were misdiagnosed (18). With

fewer than 80 cases of SHH found in the literature, it is a

challenge to diagnose them preoperatively (11).

Doyle et al. in their retrospective study of 10 histologically

proven SHH, found imaging features suggestive of the lesion,

which, however, do not permit a definitive diagnosis. These

features include a geographic pattern, capsular retraction, a

decrease in size over time, and the loss of previously

enhanced areas (1).

Mori et al. analyzed the imaging characteristics of 11 SHH,

and when US was available, the lesions were hyperechoic (2).

On plain CT, SHH often presented a low density with

irregular shape and heterogeneous density in the majority of
frontiersin.org
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FIGURE 1

MRI images. Focal oval lesion straddling segments III and IVb showing sharp contours, heterogeneously high signal in T2 (A) and in diffusion-
weighted imaging (B) corresponding to heterogeneous hypersignal on ADC map (C). Irregular and globally hypoenhancing behavior on T1 portal
venous phase (D). (E) The lesion was located inferiorly to segmental left portal bifurcation, displaying a contact with the segmental branch for
segment III without any major distortion or infiltration.

Poras et al. 10.3389/fsurg.2022.985849
cases (18). After contrast injection, the majority of SHH had

atypical enhancement characteristics, with little enhancement,

or no enhancement during the arterial phase (2, 18). This

atypical enhancement pattern could be related to the degree
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of degeneration with the obliteration of vascular channels and

extensive tissue fibrosis (18).

The apparent diffusion coefficient (ADC) can be helpful in

the differentiation between SHH and hepatic malignant tumors,
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FIGURE 2

Predominantly extrahepatic indurated tumoral mass.

FIGURE 3

Sclerosed hemangioma, histological appearances. A rich paucicellular
fibrous (F) stroma is distinguished from the Normal liver (L) tissue.
Irregular vascular channels (VC) are separated by endothelial cells with
thin fibrous septa (S). (A) Histology. Hematoxylin–eosin, magnification
×40. (B) Histology, Hematoxylin–eosin, magnification ×100.
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as in SHH the ADC values are higher than the surrounding liver

parenchyma, suggesting a benign lesion (18, 19). However, an

ADC threshold value definition is not defined, because of the

great individual variability (18). We do not receive help from

this coefficient for the patient.

So, even with recent developments in radiological

modalities, imaging alone cannot establish a definitive

diagnosis. Small size or fibrosis can further accentuate the

diagnostic challenge, as the amount of fibrosis in a sclerosing

hemangioma figures out its morphological characteristics and

the dynamic behavior that can shift progressively from the

classical centripetal filling of typical hemangiomas to the weak

and progressive enhancement of fibrotic tissue.

Fine needle aspiration or core biopsy procedures are

generally safe with a low incidence of hemorrhagic

complications especially in the case of SHH as it is less

vascular than cavernous hemangioma (4, 12).

Percutaneous fine needle biopsy should be the procedure

of choice to distinguish degenerated hemangioma from

hepatocellular carcinoma as advocated by Cheng et al.

(20). CT-guided biopsy may be useful and can avoid

major surgery (21). On the other hand, the risk of

rupture or seeding in case of malignancy during biopsy

should be taken into account in the decision-making

process (2, 22). The above, along with the rarity of

sclerosing hemangioma and the proposed diagnosis of

cholangiocarcinoma, was the reason that we did not

perform a preoperative biopsy in the present case.

At microscopic examination, cavernous hemangiomas

present as vascular channels of different sizes with flattened

endothelial cells separated by connective tissue septa (10). In

fact, when partial fibrosis occurs, they are called sclerosing

hemangiomas and when vascular spaces are extensively

occupied by fibrous tissue, they are called sclerosed cavernous

hemangiomas (2, 23). Makhlouf and Ishak describe the features

of sclerosing and sclerosed hemangiomas and underline the

role of mast cells in the pathogenesis of these variants of

hepatic hemangiomas (23). The flattened cells show positivity

for the endothelial marker, factor VIII-related antigen, marking

the vascular origin of this tumor. This immunohistochemical

staining is of paramount importance in differentiating SHH

from malignant hepatic tumors, primary or metastatic (12).

Surgical resection is reserved for symptomatic patients, in

cases where imaging techniques and histological examination

after percutaneous biopsies are not helpful, and in cases with

a high suspicion for malignancy due to medical history. In

the other cases, a simple observation is sufficient.
Conclusion

SHH is an extremely rare benign tumor, and it is a challenge

to differentiate from hepatic malignant tumors. SHH has an
frontiersin.org
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excellent prognosis and can be followed without surgery.

Imaging interpretation alone can lead to a misdiagnosis;

however, there are features that could raise the suspicion of

an SHH. In that case, a preoperative biopsy or perioperative

frozen section is important to avoid unnecessary hepatic

resections. If neither imaging interpretation nor biopsy can

establish a diagnosis, or if biopsy is contraindicated, the least

invasive resection should be performed.
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Background: Differentiated thyroid cancer accounts for the majority of thyroid

cancers and has a good prognosis after standard treatment. However, there are

still some complex and refractory thyroid cancers, including locally advanced

differentiated thyroid carcinoma and medullary carcinoma (MTC), poorly

differentiated thyroid carcinoma (PDTC), and anaplastic thyroid carcinoma

(ATC). Here, we report the therapeutic response of 2 advanced thyroid

carcinoma patients treated with dabrafenib and trametinib.

Case presentation: Two elderly females presented to the clinic with neck

masses, dyspnea, and dysphagia. Signs of the trachea and esophageal

compression were markedly visible in computed tomography (CT) scan and

ultrasonography. Pathologic diagnoses of PDTC were confirmed for both

patients through ultrasound-guided fine-needle aspiration (US-FNA). Both

patients were significantly relieved from dyspnea and dysphagia after a

course of treatment with dabrafenib and trametinib, and their tumors

gradually shrank during the follow-up period.

Conclusion: Overall, this treatment modality is rare, but effective. By sharing

these 2 case reports, we hope to provide a reference for the treatment of

clinically similar patients with advanced thyroid carcinoma.
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Introduction

Locally advanced thyroid carcinoma is a type of thyroid cancer in which the tumor

markedly invades surrounding organs and structures. Especially, poorly differentiated thyroid

carcinoma is more aggressive and rapidly progresses to distant metastases. Poorly

differentiated thyroid carcinoma is an aggressive form of follicular cell-derived thyroid
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carcinoma with a behavior, morphology, and prognosis that is

intermediate between indolent differentiated thyroid carcinoma

(DTC) and rapidly growing and often fatal ATC (1). PDTC is a

rare disease that was first described by Sakamoto in 1938 (2) and is

reported to occur in 2% to 15% of all thyroid carcinomas (1, 3).

Starting in 2004, the World Health Organization (WHO) classified

PDTC as a non-follicular non-papillary, thyroglobulin-producing

thyroid carcinoma with intermediate behavior between well-

differentiated and anaplastic carcinoma (4–6). The 5-year disease-

specific survival rate (DSS) for PDTC patients (51%) is also

intermediate between DTC (91%) and ATC (0%) patients (7).

PDTC patients usually miss the opportunity for surgery or have

poor surgical outcomes due to the cancer’s invasiveness and quick

progression to distant metastasis. PDTC does not have a standard of

treatment internationally (8). Surgery, chemotherapy, and

radioiodine therapy (RAI) are commonly used treatment

schemes, but the treatment options for PDTC patients with

advanced, critical illness are very limited (9). In this case report,

we describe 2 patients with advanced thyroid carcinoma who

received dabrafenib and trametinib with good outcomes.

This study was reported in agreement with principles of the

CARE guidelines (10).
Case presentation

Case 1

In December 2021, a 72-year-old woman with a neck mass,

dysphagia with a cough and expectoration was referred to the

Department of Thyroid Surgery & Western Medicine, West

China Hospital, Sichuan University. Before visiting our

hospital, the patient found a hard mass on the left side of her

neck, along with tenderness and poor mobility. At that time,

there was no dyspnea or dysphagia. The patient was treated at

Sichuan Cancer Hospital, underwent ultrasound examination

and received FNA. Ultrasound showed morphological

abnormalities in the thyroid, abnormal lymph nodes were

found on both sides of the neck, and FNA cytology revealed

PTC (occupying the right lobe of the thyroid). The results of

immunohistochemical analysis were as follows: positive TTF-1,

G-3, CK19, MC (HBME-1), CD56, Ki67 (10%), negative (TG),

PD-L1: 22c3, CPS: 65, negative control: negative, and positive

control: positive. Gene testing revealed a BRAF V600E gene

mutation (Ct value was 20.16). Because the patient’s nutritional

status was poor, and she could not afford immunotherapy, she

was discharged from the hospital and took 3 cycles of anlotinib

12 mg qd (taking the medication for 2 weeks and stopping for 1

week). After completing the 3 cycles, the patient had dysphagia,

increased coughing, and expectoration accompanied by blood in

the sputum, so she was re-admitted to Sichuan Cancer Hospital.

During hospitalization, the patient was unable to eat and was

completely supported by parenteral nutrition.
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Physical examination showed that she had a hoarse voice,

clear consciousness and diffuse swelling of the neck, and was

unable to touch her trachea because of the trachea was

compressed by a huge mass. The thyroid mass was hard, and

its size could not be measured. The laboratory examination

revealed the following: FT3 1.64 pmol/L (reference range, 3.60–

7.50 pmol/L), FT4 9.53 pmol/L (reference range, 12.0–22.0

pmol/L), TSH 7.34 mU/L (reference range, 0.27–4.20 mU/L),

thyroglobulin (hTg) < 0.04 µg/l (reference range, 3.5–77 µg/l),

anti-thyroglobulin antibodies (TGAb) > 4000 IU/ml (reference

range, 0–115IU/ml), and tumor marker/carcinoembryonic

antigen (CEA) 0.64 ng/ml (reference range, 0–5 ng/ml).

Ultrasound re-examination revealed that the thyroid gland

contained giant nodules encircling the bilateral common

carotid arteries. In addition, bilateral neck areas I-IV had

multiple lymph node fusions, the left neck was approximately

12×10×16 mm, the right side was approximately 20×19×14 mm,

and the corticomedullary demarcation was unclear. We showed

on computed tomography (CT) that the thyroid gland was

unclear and there were lymph node metastases in the neck

and upper mediastinum (Figure 1). The patient had a personal

history of 20 years of hypothyroidism and had taken 50 µg

levothyroxine (Euthyrox) for a long time. There was no history

of neck surgery, neck radiotherapy, parathyroid disease, or

hereditary disease.

To solve the patient’s nutritional problems, the endoscopy

center placed a jejunal nutrition tube. During this process, the

patient had sudden dyspnea with a sharp drop in oxygen

saturation and partial pressure of carbon dioxide of 164%, pH:

6.9. The anesthesiology department performed a successful

emergency nasotracheal intubation, and the patient was

transferred to the critical care medicine department. The

multidisciplinary team (MDT) ruled out surgical treatment,

because of the high risks involved, and because the tumor was

poorly demarcated from surrounding tissues. dabrafenib and

trametinib treatment was finally considered. dabrafenib and

trametinib is approved by the FDA for the treatment of

patients with ATC and BRAF V600E mutations. So, we

obtained consent from the patient’s family to tube feed the

targeted agent dabrafenib mesylate (75 mg q12h) and trametinib

(2 mg qd) on December 30, 2021. FDA recommends 150mg

twice daily for the use of dabrafenib, but We had never used this

scheme before in these two patients, so we could not evaluate the

effectiveness and side effects. In addition, the patient’s condition

was bad and the basic condition was poor, so we tried to use

half a dose to observe the efficacy, and subsequently adjusted

the scheme according to the patient’s condition. We sent

the biopsy tissue for pathological re-examination, and the

results of the cytology revealed malignant epithelial cells.

Immunohistochemical staining of thyroid (Figure 2), which

exhibited positive CK19, CD56 and G-3, and negative TTF-1,

TG, HBME-1, CGA, SYN, p63, CD20. The Ki-67 positive rate

was approximately 40%. Confirmed poorly differentiated thyroid
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carcinoma. After 13 days of treatment, the patient’s dyspnea and

dysphagia symptoms had decreased, and she could sleep in a flat

position and drink a small amount of liquid. Her neck

circumference gradually decreased with daily measurements.

However, she still had hoarseness and developed black stool

(approximately 100-200 g/d) and hematuria on a daily basis.

According to the patient’s condition, the patient’s above

symptoms improved after treatment with proton pump

inhibitor (PPI), somatostatin and oral Yunnan Baiyao. To

clarify the cause of bleeding would require a gastroscope, after

the patient’s condition has improved. The patient continued oral

dabrafenib 75 mg and trametinib 2 mg maintenance therapy and

underwent thyroid stimulating hormone (TSH) repression

therapy with levothyroxine 50mg after discharge. We

compared the imaging reports at 3 days, 19days, 50days and

found that the tumors significantly decreased in size. The

author’s department subsequently found that the tumor did

not continue to grow or have any detectable distant metastasis

through outpatient service and telephone. At the end of February

2022, the patient experienced fever and seizure. Moreover, a new

mass was found in the right neck. After discontinuing dabrafenib

and trametinib for 10 days, the mass grew rapidly, and blood

culture suggested a serious infection. Therefore, after

comprehensive consideration, we recommended that she

continue to take dabrafenib and trametinib. The patient’s

condition progressed rapidly, and she died on March 10.
Frontiers in Oncology 03
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Case 2

A 73-year-old woman presented to the emergency

department of West China Hospital, Sichuan University, on

January 31, 2022, because of a neck mass with chest and airway

tightness. Previously, FNA was performed at her local hospital,

and the results showed metastatic, poorly differentiated

squamous cell carcinoma. Upon arrival in the emergency

room, the patient suddenly lost consciousness. The emergency

physicians immediately diagnosed respiratory failure and

intubated the patient. To comprehensively evaluate the

condition of patient, CT was performed and showed that there

was a mass (6.3×5.6 cm) located in the left lobe region of the

thyroid gland, which wrapped and invaded the trachea and

esophagus, both of which were compressed to varying degrees,

resulting in stenosis. Nodules of varying size were scattered

throughout both lungs, with the largest nodule measuring 1.8 cm

in diameter, which we suspect to be metastatic lesions (Figure 3).

The laboratory examination upon admission revealed the

following: FT3 2.08 pmol/L (reference range, 3.60–7.50 pmol/

L), FT4 9.39 pmol/L (reference range, 12.0–22.0 pmol/L), TRAb

2.79 IU/l (reference range, <1.75 IU/l), WBC 12.99×10/L

(reference range, 3.5–9.5 10^9/L), Hb 99 g/L (115–150 g/L),

and PLT 259×10/L (100–300 10^9/L); TSH, hTg, TGAb, and

CEA were unremarkable. She had a 13-year history of papillary

thyroid cancer (PTC) and had previously undergone total
FIGURE 1

Hematoxylin and eosin (HE) stained FNAB of thyroid lobe (A), 20× magnification) revealed malignant epithelial cells. IHC staining showed that
malignant cells in thyroid were positive for G-3 (B), 20× magnification), and negative for TTF1 (C), 20× magnification), TG (D), 20× magnification).
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thyroidectomy, double central lymph node dissection, plus left

cervical lymph node dissection in our hospital. Levothyroxine 75

µg in parallel with radioactive iodine [(131)I] therapy three

times, were administered in after the operation. There was no

personal or hereditary family history of cardiovascular or

cerebrovascular disease. An appointment was set with a

thyroid surgeon from our institution on the same day. After
Frontiers in Oncology 04
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the completely treating the infection that emerged in the

patient’s lungs during the consultation on February 7, 2022,

she was admitted to the Thyroid and Parathyroid Surgery

Center. A covered stent was used instead of tracheal

intubation with the assistance of the Department of

Otorhinolaryngology. Due to the patient was critically ill after

admission and had obvious symptoms of neck compression. In
FIGURE 2

Computed tomography (CT) images showing that the size of the lesions had decreased. (A) Before treatment with dabrafenib and trametinib.
(B) Dabrafenib and trametinib for 5 days. (C) Dabrafenib and trametinib for 19days. (D) Dabrafenib and trametinib for 50days.
FIGURE 3

Computed tomography (CT) images showing that the size of the lesions had decreased. (A, D). CT images of the metastatic lesions in the lung
and neck respectively, before treatment with dabrafenib and trametinib. (B, C, E, F). CT images of the metastatic lesions after treatment with
dabrafenib and trametinib.
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an effort to strive for treatment time, while the patient

underwent US-FNA, we communicated with the family and

obtained the consent to empirically administer treatment with

dabrafenib and trametinib (given the close similarity to that of

case 1), and the final pathological results and genetic testing also

confirmed the effectiveness of our medication. We selected a

mass in the left lobe region of the thyroid gland by

ultrasonographic localization, punctured the fine-needle into

the interior of the nodule and multipoint aspiration was

performed under the monitoring of ultrasound. Histological

examination was performed postoperatively on fixed

specimens with alcohol. Immunohistochemical analyses

showed tissue positivity for the following markers: HBME-1,

CK19, G-3, BRAF-VE, PCK, and PAX8. In addition, TERT

promoter mutation (C288T) were identified by Molecular

testing in the mass. Combined the morphology and all of the

above findings led to a diagnosis of PTC with a mutation at

position 228 of the TERT gene promoter (Figure 4). Under

receiving comprehensive treatment from the nutrition, infection,

and respiratory departments, the patient’s condition improved

after 5 days of dabrafenib and trametinib, and her symptoms of

dyspnea, dysphagia, and hoarseness disappeared. Unexpectedly,

she was required dose reductions of dabrafenib and adds

radiotherapy because of edema of both lower extremities with

petechiae. Three months later, the patient developed a

tracheoesophageal fistula, which improved after conservative

treatment. After ∼8 months of treatment, numerous metastatic
Frontiers in Oncology 05
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lesions had lessened on computed tomography. The survival

time of the patient has reached 10 months since she diagnosis of

PTC. At present, the patient is in a state of no recurrence and

metastasis, and there is no obvious adverse reaction after taking

dabrafenib and trametinib.

Both were approved by the ethics committee of the West

China Hospital, Sichuan University, and written informed

consent was provided by the patient for publication of this

case publication.
Discussion

These cases give us great confidence and a new strategy for

the clinical treatment of a advanced thyroid carcinoma. Our

discussion will focus on the effects of treatment.

Targeted drugs are emerging as a new option for the treatment

of a variety of advanced tumors in the clinic, raising the hope of

survival for many patients with refractory tumors. Thyroid

cancer-targeted drugs have been gradually introduced to the

clinic in recent years, and better efficacy is also seen in many

reports for the treatment of advanced thyroid carcinoma. We

report encouraging results in 2 consecutive patients with severe

comorbidities who were admitted to the Thyroid and Parathyroid

Surgery Center, West China Hospital of Sichuan University. Both

patients presented with life-threatening metastatic thyroid cancer

and were not eligible for surgery or radiotherapy. Dabrafenib, a
FIGURE 4

Hematoxylin and eosin (HE) stained FNAB of thyroid lobe (A), 20× magnification) revealed malignant epithelial cells. IHC staining showed that
malignant cells in thyroid were positive for BRAR-VE (B), 20× magnification) and G-3 (C), 20× magnification) and CK19 (D), 20× magnification).
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mutant BRAF kinase inhibitor, emerged from Glaxo Smith K’s

research program for the discovery of selective inhibitors of

mutant BRAF kinase activity for the treatment of solid tumors

(11). Trametinib is an orally administered, reversible selective

allosteric inhibitor of MEK1 and MEK2, and is also approved as a

single agent in the treatment of melanoma (12, 13). dabrafenib

and trametinib was first approved by the FDA on May 29, 2013,

for the treatment of unresectable or metastatic melanoma with

BRAF V600E or V600K gene mutations. After confirmation by

clinical studies (14), the FDA approved dabrafenib and trametinib

for patients with ATC and BRAF V600E mutations on May 4,

2018 (14, 15). The effect of the combination of the 2 drugs had

only been observed in the treatment of ATC, but we cannot

estimate whether the application of these two drugs to other types

of thyroid carcinoma will also achieve satisfactory results. We

tried this approach to treat the 2 patients with advanced thyroid

cancer and BRAF mutation, and the effect was better than

expected. White PS (16) reported 2 cases of metastatic papillary

thyroid carcinoma with major complications. Metastases

decreased, and thyroglobulin antibodies consistently decreased

after treatment with dabrafenib and trametinib. The protocol

adopted by the authors was treated initially with dabrafenib

150mg twice daily plus trametinib 2 mg once daily, first in

continuous daily dosing, then in a five-week-on and three-week-

off schedule. Whereas our regimen was continuous use of

dabrafenib 150 mg and trametinib 2 mg once daily. As with

White PS, both patients showed rapid clinical improvement upon

starting the regimen. Since there is no consensus on the

combination of these two drugs for the treatment of non-ATC

advanced thyroid cancer, we speculate that it may also achieve

good efficacy for advanced thyroid carcinoma without ATC or

BRAF V600E mutation. Although we do not have enough

evidence to support that this regimen is available, and see few

relevant reports. The experiences in the 2 patients presented here

illustrate that administering the 2 drugs are feasible, and suggest

that this approach is efficacious, even in cases with serious

comorbidities. However, few data are currently available on

drug efficacy and/or response, and further preclinical and

clinical studies are needed.

According to the relevant studies and the drug instructions

of dabrafenib, dabrafenib and trametinib is known to cause the

following adverse events: fever, chills, skin toxicity, arthralgia,

myalgia , cough, hypophosphatemia, hyponatremia ,

hyperglycemia, increased alkaline phosphatase, bleeding

(defined as bleeding from a critical site or organ), etc (17). In

case 1, the patient had black stool and hematuria on a daily basis,

denied any history of gastrointestinal and urinary diseases, and

denied NSAID drug use. Case 2 patient developed edema of both

lower extremities with petechiae. We consider these phenomena

to be a side effect. Some studies also report retinopathy, renal

failure, fatigue, and rhabdomyolysis (17). The symptoms may

largely resolve upon discontinuation of the drugs, plus

supportive therapy (18). Although the dabrafenib and
Frontiers in Oncology 06
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trametinib achieved significant efficacy, the side effects that

resulted were also obvious. Combined with the results of the

study of 2 patients, we can conclude that dabrafenib and

trametinib offers more advantages than disadvantages in the

treatment of advanced thyroid carcinoma, and our treatment

option is correct and certainly a new attempt for patients with

advanced thyroid cancer. In the future, we may need to set up

larger clinical trials to add evidence of the feasibility of

this option.
Conclusion

We report 2 rare cases of advanced thyroid carcinoma and

point out the effectiveness of the combination of the 2 targeted

drugs. The conclusion that dabrafenib and trametinib

contributes to the management of advanced thyroid carcinoma

remains to be further confirmed. We hope that our treatment

procedures and initial outcomes can serve as a reference for the

diagnosis and treatment of similar patients.
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Case report and literature
review: Conversion surgery for
initially unresectable huge
retroperitoneal liposarcoma
after preoperative radiotherapy

Sarah Hsin Cheng1†, Yen-Shuo Huang2†, Hsin-Hua Lee1,3,4,5,6*,
Heng-Hsuan Yen3, Ying-Pei Jhong3 and Tzu-Yuan Chao7

1School of Medicine, College of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan,
2Department of Pathology, Kaohsiung Medical University Hospital, Kaohsiung Medical University,
Kaohsiung, Taiwan, 3Department of Radiation Oncology, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan, 4Ph.D. Program in Environmental and
Occupational Medicine, Kaohsiung Medical University and National Health Research Institutes,
Kaohsiung, Taiwan, 5Department of Radiation Oncology, Faculty of Medicine, College of Medicine,
Kaohsiung Medical University, Kaohsiung, Taiwan, 6Center for Cancer Research, Kaohsiung Medical
University, Kaohsiung, Taiwan, 7Department of Radiation Oncology, Kaohsiung Municipal Siaogang
Hospital, Kaohsiung, Taiwan
Background: Retroperitoneal liposarcoma (RPLS) is a rare malignancy that is

notorious for recurrence. Surgical resection with clean margin is the current

treatment of choice. However, owing to the large retroperitoneal space, RPLSs

often grow to significant sizes before being diagnosed. Neoadjuvant and

adjuvant therapies have potentials to improve long term treatment outcome.

Case presentation: A 55-year-old Han Chinese male presented to the general

surgery department with a one-year history of abdominal fullness and a one-

week history of palpable right inguinal mass. At first, he was diagnosed with

incarcerated inguinal hernia. However, abdominal computer tomography (CT)

and biopsy confirmed his final diagnosis to be retroperitoneal well-

differentiated liposarcoma, cT2bN0M0, stage IIb. The tumor, which

measured 44.5cm in maximum diameter, was too large for primary surgical

resection. Neoadjuvant radiotherapy with 70 Gy in 35 fractions was delivered to

the tumor, which shrunk the target volume from 6300 cc to 4800 cc, as

observed in the middle of the radiotherapy course. The right testicular mass

also received 70Gy/35Fx. Conversion surgery was performed after

radiotherapy. Unfortunately, due to residual tumor, adjuvant chemotherapy

consisting of AIM (ifosfamide, Mesna, and doxorubicin) and MAID (Mesna,

doxorubincin, ifosfamide, and dacarbazine) regimens were administered

sequentially. Afterward, debulking surgery was conducted, plus another 18

cycles of ifosfamide monotherapy when residual tumor was still seen on CT.

Since the completion of ifosfamide chemotherapy, the patient has been cancer

free with no evidence of tumor recurrence for more than 26 months.
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Conclusion: Despite conflicting evidence in the literature, our case supports

the use of high dose neoadjuvant radiotherapy and adjuvant chemotherapy in

treating large, unresectable RPLSs. It also highlights the importance of using

individualized, multidisciplinary approach in achieving cure for large,

unresectable rare tumors.
KEYWORDS

conversion surgery, retroperitoneal sarcoma, liposarcoma, inoperable, neoadjuvant
radiotherapy, adjuvant chemotherapy, giant tumor
1 Introduction

Sarcomas develop from the connective tissues and the

majority grows in the extremities (1). Only about 15% of

sarcomas develop in the retroperitoneum (1). Out of all

retroperitoneal sarcomas (RPSs), retroperitoneal liposarcomas

(RPLSs) are the most common, accounting for 41% of RPSs (1,

2), while only accounting for 0.07% to 0.2% of all neoplasms (2).

World Health Organization classification system subdivides

liposarcomas into 5 distinct subgroups, each with its distinct

clinical behavior and aggressive potential (3). The most

commonly seen subgroup is the well-differentiated

liposarcoma (WDLPS), which tends to be slow-growing and

with less metastatic potential (2, 4). The 5-year survival rate of

WDLPS is about 90% (2). However, it is known for recurrence.

Even after complete surgical resection, the 5-year local

recurrence rate is still 50% (1, 2). Most patients who succumb

to RPLS die from the effect of local recurrence, not from distant

metastases (1, 2).

Currently, the only definitive treatment for RPLSs is

complete surgical resections with negative margins (1, 2, 5).

However, owing to the large space in the retroperitoneum,

RPLSs tend to be quite large before patients begin to show

symptoms and seek medical help (2, 5). According to an analysis,

approximately half of the RPLSs are greater than 20cm at

diagnosis (2). Such size and proximity to vital retroperitoneal

structures limit the surgeon’s ability to achieve complete

resection, a major predictor of survival and recurrence (1, 2,

5). Therefore, to improve complete resection rate, investigations

into neoadjuvant and adjuvant therapies’ efficacy were of great

importance. Specifically, conversion surgery, defined as surgical

treatment with curable intention after an initially unresectable

tumor has responded to preoperative treatment, would be

particularly beneficial. Unfortunately, the rare nature of RPSs

and their heterogeneity make high level evidence difficult to

come by (2, 5). To date, the roles of neoadjuvant and adjuvant

therapies for RPLS have remained controversial (6). In this

report, we present a case of huge RPLS, whose greatest

diameter reached 44.5cm at presentation. The patient was
02
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initially deemed unsuitable for primary surgical resection.

However, with the addition of high dose neoadjuvant

radiotherapy (NART) and adjuvant chemotherapy (AC), he

was cured and has remained cancer-free with minimal adverse

effect for more than 26 months. To the best of our knowledge, no

other published case reports have described the preoperative and

postoperative therapies for a large RPLS in such details.

This study was reported in agreement with principles of the

CARE guidelines (7).
2 Case description

A 55-year-old Han Chinese male presented to a local

hospital with abdominal fullness and a palpable right inguinal

mass. Both symptoms had been present for a year, but only

worsened in the past few weeks, prompting the patient to seek

medical attention. The patient had a history of intracerebral

hemorrhage secondary to ruptured venous aneurysm 25 years

ago. He recovered well and his activity of daily living was

totally independent.

At first, the clinical impression following physical

examination was incarcerated inguinal hernia. However,

during the course of herniorrhaphy, bulging cord and scrotum

were noted. Without prior computed tomography (CT) imaging

studies, only the part of the tumor that was exposed during the

surgery was excised. The excised specimen was sent for

pathology studies. Subsequent abdominal and pelvic CT

imaging revealed a right retroperitoneal mass with a

maximum diameter of 44.5cm, protruding into the right

inguinal space (Figures 1A, B). Histological examination of the

surgical specimen showed the tumor to be composed of mature

adipocytes with substantial size variation, which was appreciated

alongside nuclear atypia in fat cells or stromal spindle cells.

Scattered hyperchromatic and pleomorphic stromal spindle cells

were easily identified within fibrous septa or blood vessel walls.

Moreover, the neoplastic cells were immunoreactive for CDK4,

p16 and MDM2 (Figures 2B–D). The final diagnosis was

retroperitoneal WDLPS (FNCLCC, grade 1), cT2bN0M0, stage
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IIb (Figure 2). Following the excision of the right scrotal tumor,

the patient developed abdominal fullness with vomiting and

fever up to 38.5 degree Celsius. Physical examination revealed

abdominal distension with tenderness and redness surrounding

an oozing surgical wound. Laboratory tests revealed marked

elevation in CRP and leukocytosis. Abdominal wound infection
Frontiers in Oncology 03
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with abscess was diagnosed. Fortunately, the infection resolved

after proper wound care, drainage, and antibiotic treatment.

Due to the extensive nature of this tumor, complete surgical

resection of this giant tumor was considered difficult, and

primary chemotherapy was not recommended by medical

oncologists. He was referred for radiotherapy at our cancer
B

C D

A

FIGURE 2

(A) It shows variably sized adipocytes with fibrous stroma, containing atypical cells with hyperchromatic nuclei and marked pleomorphism.
(hematoxylin-eosin; original magnification ×200). (B–D) The neoplastic cells are immunoreactive for CDK4 (original magnification ×400), p16
(original magnification ×400), and MDM2 (original magnification ×200) respectively.
BA

FIGURE 1

(A) Timeline of the occurrence of major clinical events. (B) Computed Tomography image before neoadjuvant radiotherapy.
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center. The organ at risk that needed to be considered first was

the kidneys. Radiotherapy of 10MeV photon energy was

delivered using manually chosen portals in order to maximally

avoid the right kidney and completely avoid the left kidney.

Thirty-five fractions of 2Gy were prescribed to the 95% isodose

line. The radiation oncologist manually contoured on cross-

sectional CT simulation images and measured target volume

using segmentation tool programs, Eclipse and Pinnacle

(Figure 3). The patient was monitored weekly. During the

radiotherapy course, the patient reported less abdominal

fullness and better digestion, which coincided with a reduction

of the target volume from 6300cc to 4800cc, as noted in the

adaptive treatment planning. Later on, the residual tumor mass

in the right scrotum also received a total dose of 70Gy in 35

fractions (Figure 3). There was a grade 2 radiation-induced

dermatitis in the scrotal area per the Common Terminology

Criteria for Adverse Events (CTCAE) v4.0. Radiotherapy was

well-tolerated without acute toxicities greater than 2. In addition,

his kidney function, as measured by creatinine clearance,

remained mostly the same throughout radiotherapy.

After significant volume reduction from the well-tolerated

radiotherapy treatment, the patient became a candidate for

surgery. He was referred to our surgical department where

conversion surgery was carried out. A midline laparotomy

incision was made to remove a yellowish soft, circumscribed

retroperitoneal mass that measured 32cm in the greatest

diameter and weighed 4.5kg. The surgery lasted around 3

hours and the blood loss was 200mL. The recovery process

was smooth and no complication occurred after the surgery.

However, microscopic examination revealed positive margin.

Abdominal CT survey also suspected residual tumor

(ycT2bN1M0, stage III) in the right inguinal area and the right

pelvic wall (Figure 4A). Adjuvant chemotherapy was thus

performed. At first, the patient received 4 cycles of AIM

(ifosfamide, Mesna and doxorubicin) regimen. Then it was

followed by 2 cycles of MAID regimen with Mesna,

doxorubic in , i fos famide and dacarbaz ine . Dur ing
Frontiers in Oncology 04
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chemotherapy, the patient suffered from an episode of tumor

site bacterial infection which was successfully treated with

antibiotic and C-GSF injection. Otherwise, he mostly

experienced grade 1 nausea/vomiting side effect per the

CTCAE v4.0. At the completion of adjuvant chemotherapy

(Figure 4B), the maximum tumor diameter decreased from

approximately 11 cm to 8 cm. Debulking surgery for the

remaining right inguinal tumor mass was thus performed. The

resulting tissue fragments were 6.5cm in the greatest diameter

without visible tumor cells in the section. Following the surgery,

the patient developed poor wound healing, which resolved after

proper wound care with Aquacel Tamponade and antibiotic use.

Unfortunately, abdominal CT performed 20 days after the

debulking surgery showed a 7-cm residual tumor mass in the

right inguinal area and the pelvic peritoneum. This time,

however, due to concern for doxorubicin’s cumulative dose-

dependent cardiotoxicity (8), the patient was started on

ifosfamide monotherapy only. Fortunately, after 18 cycles of

ifosfamide monotherapy, no evidence of recurrence was found

on abdominal CT (Figure 4C). He experienced infection as a

chemotherapy complication early on in the ifosfamide therapy.

The infection was treated promptly without major sequala. At

the time of the writing of the manuscript, the patient has

remained cancer free for more than 26 months.
3 Discussion

The role of radiotherapy in treating RPLS has been

controversial. Compared to adjuvant radiotherapy, NART

offers several theoretical advantages. Firstly, the gross tumor

volume could be clearly defined for precise treatment planning

(9). Secondly, the tumor forms a natural tissue expander,

displacing radiosensitive organs, such as the small bowel, from

the radiation field (2, 5, 9). As a result, dose-limiting toxicity can

be minimized. Moreover, traditional principle of sarcoma

radiotherapy dictates that radiation be more biologically active
B CA

FIGURE 3

The isodose curves that show (A) renal parenchymal sparing and the coverage of the target tumor mass in (B) the peritoneal and (C) the inguinal
area.
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in the preoperative setting, allowing lower dosages to be

prescribed (9). Finally, NART increases the possibility of

achieving a complete resection, and thereby a cure, in tumors

deemed unresectable (6). In the present case, the huge tumor was

considered not suitable for either operation or chemotherapy at

the discretion of surgeons and medical oncologists.

Radiotherapy was his only option. It was not intended to be

NART until the tumor drastically regressed and was later

confirmed on adaptive treatment planning.

Indeed, these theoretical advantages seemed to have been

proven in a number of small retrospective and prospective

studies. NART plus curative resection were found to be better

at achieving local control and prolonging survival than surgical

resection only (5). Unfortunately, these studies were unable to

assess the long-term benefit of NART (5, 10). To provide higher

quality evidence, a randomized phase III multicenter clinical trial

(STRASS) was published in 2020. Contrary to prior studies,

STRASS found that NART cannot be considered a standard of

care treatment for RPSs. According to the authors, abdominal

recurrence-free survival (aRFS) and overall survival (OS) were

similar between the NART plus surgery group and the surgery

alone group at 3 years of follow-up (10). This result pointed to a

lack of benefit with NART. Furthermore, STRASS also found a
Frontiers in Oncology 05
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disproportionally high rate of adverse events among participants

of the NART group, with 77% of participants experiencing grade

3-4 adverse effects (10). However, STRASS was not without

criticism. Among the limitations of STRASS was defining aRFS

as a composite endpoint (11). The author may have chosen such

strategy so as to account for tumor progressing to unresectable

during NART treatment (11). However, some critics worry that

using composite endpoints would limit the ability of the study to

truly capture local recurrence (11). Moreover, 3 years of follow-up

was considered relatively short for a group of cancer whose 5-year

local recurrence rate after complete gross resection could be as

high as 80% in some histological subtypes (2). Furthermore, each

histological subtype has its distinct clinical behavior. Yet, STRASS

did not take such difference into account when designing the trial

(11). It was not until the subgroup analysis did the authors

perform a separate analysis of liposarcoma and found that in low

grade sarcomas, such as WDLPS, radiotherapy seemed to have its

values (10). Taken together, the benefit of NART in RPLS

remains in question until higher quality evidence becomes

available. However, individualized treatment incorporating

NART in the present case was unexpectedly successful.

Like NART, adjuvant chemotherapy (AC) for RPLS is also

poorly understood. Current evidence is contradictory with
B

C

A

FIGURE 4

Computed Tomography images showing evidence of tumor shrinkage (A) after neoadjuvant radiotherapy plus conversion surgery, (B) after
adjuvant chemotherapy AIM (ifosfamide, Mesna, and doxorubicin) and MAID (Mesna, doxorubincin, ifosfamide, and dacarbazine) regimens, and
(C) after ifosfamide chemotherapy.
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different clinical trials showing contrasting results (12).

Moreover, most of the studies were done on sarcomas of the

extremities (6, 12). It is still unclear the extent to which we can

extrapolate the data for use in primary RPS (6, 12). An updated

meta-analysis of AC on soft tissue sarcomas (STS) of any sites

demonstrated marginal benefit in local, distant, and overall

recurrence, as well as OS (13). Doxorubicin plus ifosfamide

appeared to offer greater benefit than doxorubicin alone (13).

However, subsequent large, phase III randomised controlled trial

published by the European Organization for Research and

Treatment of Cancer (EORTC) found no OS or recurrence

benefit with ifosfamide plus doxorubicin despite the regimen

being well-tolerated (14). Recent long-term study by the Italian

and Spanish Sarcoma Groups shows that three cycles of adjuvant

epirubicin and ifosfamide is non-inferior to five cycles of the

same regimen in STS of any sites (15). As is the case with NART,

more higher-level evidence is needed to understand the role of

AC in treating RPLS. Fortunately, besides NART and AC, there

are now some promising new treatment options on the horizon.

In systemic therapy, there are molecular therapies and new

synthetic agents such as marine derived synthetics, Eribulin
Frontiers in Oncology 06
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mesylate and trabectedin (3, 16). In the field of surgical

oncology, compartmental surgery is also being explored (17).

In radiation oncology, off-trial results regarding STS treatments

are given more attention (18). Together, they offer hope for

patients battling RPLSs and its other more aggressive variants.

To the best of our knowledge, this is the first case in the

literature that describes in detail the use of both high dose NART

and AC to treat large WDLPS (Table 1).

Due to the huge tumor size at presentation, the tumor was

deemed unresectable. Without successful downstaging with a

preoperative therapy, the patient had little chance of a cure.

NART was thus administered, but with carefully chosen portals

to prevent irradiation to critical organs. However, after surgical

excision, remanent tumor mass was found on CT which

could not be completed excised without causing significant

morbidity to the patient. Likewise, radiotherapy would

induce significant toxicity to adjacent retroperitoneal

structures. Given the patient’s relatively young age and

fitness, chemotherapy was deemed an appropriate option.

Therefore, AC regimen containing ifosfamide and doxorubicin

was administered.
TABLE 1 Clinicopathological characteristics of reported case of large retroperitoneal liposarcoma treated with neoadjuvant and/or adjuvant
therapy in the English literature.

Authors Publication
Year

Patient
Age

(yr)/sex

Initial
Tumor
size

Tumor
histology

Grade Neoadjuvant
treatment

Primary
Treatment

Adjuvant
Treatment

Outcome

Oh et al.
(19)

2014 39/F 35 x 26 x
17cm

DDLPS G2/3 None Surgical
resection

RT with
unknown
dose, then
doxorubicin
+Ifosfamide

No recurrence
during
treatment

Choi et al.
(20)

2015 73/M 23 x 15 x
7cm

Myxoid G1 None Surgical
resection

RT with 45Gy No recurrence
at 9 years

Khoury
et al. (21)

2015 72/F 8.7cm DDLPS High
grade

adriamycin/
dacarbazine +
50Gy RT

Surgical
resection

none Recurred in 1
year

Kus et al.
(22)

2015 40/F 20 x 15 x
10cm

DDLPS unknown None Surgical
resection

AIM regimen Bone
metastasis
after 3 months

Zheng et al.
(23)

2017 45/M 65 x 45 x
30cm

WDLPS G1 None Surgical
resection

RT with
unknown
dose

No recurrence
at 8 months

Da Silva
et al. (24)

2018 42/F 8 x 16 x
7.7cm

WDLPS High
grade

None Gemcitabine
+ docetaxel#

None No recurrence
at 8 months

Horowitz
et al. (25)

2020 73/M 15 x 15
cm

DDLPS high
grade

None Surgical
resection

Doxorubicin
then
Palbociclib
then
Eribulin##

Cancer
continues to
progress, on
palliative
treatment now

Recinos
et al. (26)

2021 43/M 17 cm DDLPS G3 None Surgical
resection

Pazopanib
monotherapy*

Cancer
persists with

(Continued)
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Another unique point about our case is the high radiation

dosage (70Gy in 35 fractions) that was used. In our review of the

literature, no other published studies have used such high

dosage. For comparison, STRASS trial only used a radiation

dosage of 50.4Gy in either 3D-Confromal RT or intensity

modulated radiation therapy (10). The dosage we used

correlates to a 2006 study that suggests a theoretical dose

escalation of up to 80Gy could be considered in RPLS (29).

Our patient responded well to 70Gy with good adherence. Grade

2 radiation-induced dermatitis was observed during

radiotherapy, which subsided soon. To date, he has not

developed any chronic radiotherapy-related adverse effect since

completing the treatment more than 5 years ago. Furthermore,

despite WDLPS’ high recurrence rate, his cancer has not

recurred for more than 2 years. The high NART dose may

have contributed to his prolonged recurrence free survival since

a number of studies have pointed to dose escalation as a possible

solution to poor local control (29). However, the limitation of

our present case report is the relatively short follow-up duration

prior to its publication. As a malignancy known for recurrence,

the patient has been cancer free for more than 2 years and will be

followed up throughout his lifetime.

In conclusion, we present a case of RPLS who was cured by

NART of 70Gy followed by surgical resection and AC. The case

highlights the importance of individualized, multidisciplinary

approach in treating large, rare malignancy. Although the role of

NART and AC in RPLS treatment are still being debated,

clinicians should not rule them out as viable options. For
Frontiers in Oncology 07
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patients who are not candidates for standard therapies, these

options, when carefully tailored, can be their only chance of

a cure.
4 Patient perspective

I was shocked to see such a huge tumor residing inside my

body on the CT scan. To put it simply, I had no debilitating

symptoms, except some abdominal fullness and a visible inguinal

mass. After the initial shock, the reality of treating the huge

cancer sank in when surgeons and oncologists told me the tumor

was too big for surgery or chemotherapy. My heart sank. By the

time I had arrived at the Department of Radiation Oncology, I

had lost most of my hope. However, during the course of the

radiotherapy, when my bulging stomach began to flatten and I

gradually regained my appetite, I began to feel hopeful again.

After radiotherapy, I received an operation followed by

chemotherapy. And then there was yet another surgery to the

inguinal area followed by even more chemotherapy. The arduous

journey took over 3 years. Along the way, there were multiple

hospital visits for various treatments and checkups. Sometimes I

had complications from these treatments, which further increase

my hospital stays. Despite all these challenges, I survived the

cancer and was declared cancer free. I am forever grateful to my

family for their untiring support and to all the healthcare

professionals for never giving up on me and whose expertise

has allowed me a second chance at life. I feel more alive each day.
TABLE 1 Continued

Authors Publication
Year

Patient
Age

(yr)/sex

Initial
Tumor
size

Tumor
histology

Grade Neoadjuvant
treatment

Primary
Treatment

Adjuvant
Treatment

Outcome

evidence of
radiographic
and
symptomatic
improvement

Nakahashi
et al. (27)

2022 61/M 11cm DDLPS G2 None Surgical
resection

doxorubicin +
ifosfamide

Recurred in 5
years

Suryabanshi
et al. (28)

2022 62/M 30 x 28 x
21cm

WDLPS Unknown None Surgical
resection

AIM regimen Local
recurrence in
2 years**

Cheng et al.,
present case

2022 55/M 44.5cm WDLPS G1 RT with 70Gy/
35fr

Surgical
resection

AIM followed
by MAID;
then
ifsofamide
monotherapy

Cancer free
for 26 months

#During the initial presentation, the cancer was surgically excised. However, on recurrence, chemotherapy alone was utilized to treat the recurrent tumor.
##Palbociclib then Eribulin are palliative for the patient with the goal of halting progression of the cancer.
*The patient did not tolerate postoperative radiotherapy of unknown dose and developed intolerable neurological side effect from doxorubicin and ifosfomide.
**The patient was inconsistent in follow up.
DDLPS, dedifferentiated liposarcoma; WDLPS, well-differentiated liposarcoma; RT, radiotherapy; AIM, Doxorubincin(Adriamycin), ifosfamide, and mesna; MAID, ifosfamide,
doxorubicin, mesna, dacarbazine.
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Case report: Endovascular
intervention of internal carotid
artery pseudoaneurysm
secondary to nasopharyngeal
carcinoma radiotherapy
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Department of Neurosurgery, The First Affiliated Hospital, Guangxi Medical University, Nanning,
China

Background: Internal carotid artery pseudoaneurysm (PSA) is a serious
complication after radiotherapy for nasopharyngeal carcinoma, and once it
ruptures and bleeds, it will seriously affect the patient’s survival and
prognosis. However, because of its relatively low incidence, many medical
institutions lack experience in managing this type of emergency.
Case information: In this case report, we described two cases suffered
ruptured internal carotid artery PSA after radiotherapy for nasopharyngeal
carcinoma, including their history, diagnosis, and treatment. Both cases
underwent emergency endovascular interventions, one of which with long-
term healing after embolization of the PSA, and the other one with re-
bleeding after embolization and was eventually stopped by embolization of
the parent artery. Ultimately, both cases received timely and effective
treatment.
Conclusion: This case report detailed the diagnosis and treatment course of
internal carotid artery PSA after radiotherapy for nasopharyngeal carcinoma,
which enhanced the understanding of this emergency, and provided valuable
information and experience for the treatment strategy of similar PSA on the
internal carotid artery.

KEYWORDS

internal carotid artery pseudoaneurysm, nasopharyngeal carcinoma, nasal bleeding,

endovascular intervention, case report

Introduction

Nasopharyngeal carcinoma is a common malignant tumor in southern China,

because of its complex anatomy and high sensitivity to radiotherapy, the current

clinical treatment adopts a comprehensive treatment based on radiotherapy, with a

5-year survival rate of 50% to 80% (1–3). With the prolongation of patient survival,

nasopharyngeal haemorrhage caused after radiotherapy becomes a serious complication

affecting the prognosis of patients. The incidence of nasopharyngeal hemorrhage after

radiotherapy has been reported to be 2.7%, and ruptured internal carotid artery

pseudoaneurysm bleeding accounts for approximately 1% of patients with hemorrhage

(4, 5). The hemorrhage is characterized by rapid, recurrent, massive and not easily
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controlled, and if resuscitation is not timely, the patient may die

within a very short time due to asphyxia or circulatory collapse

(6). However, for bleeding from pseudoaneurysms of the internal

carotid artery, relying on simple nasal tamponade or surgical

ligation often fails to solve the problem, and endovascular

intervention is now a more effective treatment for this type of

bleeding (7, 8). We will show two typical cases of endovascular

intervention for bleeding from pseudoaneurysm secondary to

nasopharyngeal carcinoma radiotherapy. This case report

follows the CARE Guidelines (9).
Case presentation

Case one

A 40-year-old male was diagnosed with pathologically

confirmed nasopharyngeal carcinoma (T4N2M0,

undifferentiated non-keratinizing carcinoma) (Figure 1). One

month later, he was treated with 3D conformal intensity-

modulated radiotherapy (63 Gy to the lower neck and 73 Gy

to the upper neck) and concurrent chemotherapy (cisplatin

40 mg + docetaxel 120 mg regimen). Three years later, MRI

suggested tumor recurrence, and two cycles of GN

(gemcitabine + nedaplatin) regimen chemotherapy was

performed, after which further heavy proton radiation therapy

was administered.Four years later, patient developed an

intermittent nasal bleeding. Nine months later, he had a

sudden nasal hemorrhage with a bleeding volume of 800 ml,

and underwent emergency tracheotomy and bilateral external

carotid artery embolization with spring coil. However,

hemostasis was not effective. Another emergency DSA was
FIGURE 1

(A) MRI showed that nasopharyngeal carcinoma invaded the left postnaris, pt
observation by HE staining was consistent with the diagnosis of undifferenti
beads of squamous cell carcinoma positive staining. Bar, 50 μm.
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applied, and finally found the real culprit- a pseudoaneurysm

of the right internal carotid artery (rupture hole segment

(C3)). Then, the operation named “internal carotid artery

pseudoaneurysm embolization with stent-assisted spring coil

and balloon-assisted onyx gel” was performed. The operation

procedure details were shown in Figure 2. Intraoperative

angiography showed that the pseudoaneurysm was completely

embolized and the internal carotid artery was well

reconstructed. The patient was successfully discharged three

days after surgery without any neurological deficits. Up to

now, the patient did not experience any further nasal

bleeding. Time line of the clinical course was shown in

Supplementary Figure S1.
Case two

A 39-year-old male with pathologically confirmed

nasopharyngeal carcinoma (T4N2M0, undifferentiated non-

keratinizing carcinoma), and then underwent a combination of

chemotherapy and radiotherapy (32 course). The CT

examination suggested that the pterygoid body and occipital

slope were invaded.One year later, the patient had a sudden

onset of massive nasal bleeding with a volume of about 800 ml,

and an emergency interventional operation named “internal

carotid artery pseudoaneurysm embolization with stent-assisted

spring coil and balloon-assisted onyx gel” was performed. The

intraoperative angiography showed that the dissection

aneurysm on right internal carotid artery C3 segment had been

completely embolized, and the aneurysm-carrying artery was

still patent.Three months later, however, the patient suffered

another nasal hemorrhage with a volume of about 500 ml, and
erygopalatine fossa, cavernous sinus and skull base. (B) Morphological
ated non-keratinizing nasopharyngeal carcinoma, with no Keratinized
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FIGURE 2

(A) bilateral external carotid arteries embolization with spring coil (red arrow). (B) Angiography suggests a narrow neck pseudoaneurysm in the right
internal carotid artery rupture hole segment, diameter about 9.6 X 15.7 mm (red arrow). (C) Extravasation (blue arrow) of contrast medium into the
nasal cavity was seen at the base, lateral and neck part of the aneurysm; The microcatheter was delivered into the aneurysm cavity, and the balloon
(yellow arrow) was guided to the C4 segment and opened with a certain pressure to temporarily block the right internal carotid artery to prevent the
thrombus from dislodging. Five spring coils (red arrow) were then sequentially placed and released in the aneurysm lumen via a microcatheter, and
the imaging showed that the spring coils were well formed in the aneurysm lumen. (D) After imaging, we still saw extravasation (red arrow) of contrast
into the sinus, and continued to use ONYX gel to fill and seal the fistula. (E) The imaging shows complete occlusion of the fistula (red arrow) and
arterial stent (blue arrow) well released. (F) Well reconstruction of the internal carotid artery (red arrow) on imaging and the purpose of
embolization is achieved.

Li et al. 10.3389/fsurg.2022.1099416
an emergency DSA indicated that the clogged aneurysm was

recurrent and larger than before, and located in C2 to C4

segment of the right internal carotid artery. After a hospital-

wide multidisciplinary consultation (MDT) discussion, a

treatment strategy of permanent occlusion of the aneurysm-

carrying artery was decided to effectively prevent the

recurrence of nasal hemorrhage. Cerebral angiography and

balloon-assisted internal carotid artery occlusion with spring-

ring and onyx gel were performed under general anesthesia.

Intraoperative angiography showed complete occlusion of the

right internal carotid artery, while the right cerebral

hemisphere could receive adequate blood supply through the

anterior communicating artery. The operation procedure

details were shown in Figure 3. Up to now, the patient did

not have any further nasal bleeding. Time line of the clinical

course was shown in Supplementary Figure S2.
Frontiers in Surgery 03
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Discussion

With the improvement of medical technology, the early
diagnosis rate and 5-year survival rate of nasopharyngeal
carcinoma have increased significantly (1, 10). Nasal
hemorrhage caused by ruptured pseudoaneurysm of the
internal carotid artery after radiotherapy for nasopharyngeal
carcinoma has become one of the most common causes of
death after surgery (1, 11). PSA rupture hemorrhage belongs
to clinical intensive in otorhinolaryngology and neurosurgery,
and related reports claimed that its mortality rate was high
(1). The mechanism of its occurrence includes the following
aspects: firstly, radiation causes damage to adjacent normal
tissues, and the blood vessels invaded by tumor are exposed
and become hardened and fibrotic (12); secondly,
nasopharyngeal carcinoma can grow to the parapharynx and
frontiersin.org
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FIGURE 3

(A) the DSA examination showed that the pseudoaneurysm (red arrow) of the internal carotid artery located in the ruptured orifice segment of the
right internal carotid artery, with a diameter of about 6*7 mm. The stenosis (blue arrow) of the cavernous sinus segment of the right internal carotid
artery was about 50%. (B) With the assistance of stent and balloon, the pseudoaneurysm (red arrow) was successfully embolized with spring coils and
ONXY gel. (C) Well reconstruction of the internal carotid artery (red arrow) on imaging. (D) The recurrent pseudoaneurysm (red arrow) located in the
C2-4 segment of the right internal carotid artery, with a diameter of about 20*18.8 mm and a lobulated round shape. (E) After assessing the
compensation of the internal carotid artery on the affected side by compression neck test, we completely and permanently occluded the right
internal carotid artery (red arrow) with the aid of a balloon using spring coil and ONYX gel. (F) The anterior communicating artery (red arrow) was
completely opened on the compression neck test.

Li et al. 10.3389/fsurg.2022.1099416
directly invade the blood vessels in the neck, or indirectly erode
the blood vessels by causing nasopharyngeal ulcer and infection,
especially recurrent nasopharyngeal carcinoma is mostly located
in the pharyngeal fossa, which easily invades the lateral internal
carotid artery (11); finally, after the rupture and bleeding of the
invaded artery, a hematoma is formed around the rupture of the
vessel, which slowly liquefies over time, and the smooth muscle
of the middle membrane of the vessel wall becomes thin or even
absent, and connects to the aneurysm through the rupture,
forming a pulsating pseudotumor (13, 14). Because of the
thinness of the wall, it can rupture and bleed, and some
patients can stop bleeding on their own when the blood
pressure is lowered, thus showing the typical clinical
symptoms of repeated bleeding (13).

Due to the concealment of nasopharyngeal bleeding and the

special anatomical structure, nasopharyngeal hemorrhage is
Frontiers in Surgery 04
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quite tricky to manage (15). The traditional methods are

anterior and posterior nasal tamponade and nasal endoscopic

radiofrequency cautery to stop bleeding (16, 17). The anterior

and posterior nasal stuffing method is simple to operate and

has good efficacy for small amount of nasopharyngeal

bleeding, but most patients have limited mouth opening, nasal

adhesions, and high risk of rebleeding when the stuffing is

removed (17). Radiofrequency cautery under nasal endoscopy

is accurate and reliable, but it is difficult to be effective when

there is diffuse or rapid bleeding in the nasal cavity (12). In

recent years, DSA has gained significant advantages in the

treatment of nasopharyngeal carcinoma bleeding, which is the

gold standard for identifying the site of vascular bleeding and

the presence of vascular malformation (18, 19). Different

treatment plans can be implemented according to the

importance of the bleeding artery and the bleeding site. When
frontiersin.org
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nasopharyngeal carcinoma bleeding is caused by the invasion of

the external carotid artery alone, the bleeding artery can be

embolized with gelatin sponge particles or spring ring (19);

when the tumor invades the internal carotid artery and causes

the formation of pseudoaneurysm of the internal carotid

artery and rupture bleeding, the pseudoaneurysm can be

embolized with stent/balloon assisted spring ring/ONXY glue,

or isolation can be performed with overlapping stent; if the

pseudoaneurysm is large in scope and difficult to embolize,

then unilateral internal carotid artery occlusion is considered

(12). But, intraoperative compression angiography of the

affected internal carotid artery should be performed to fully

assess the opening of the Willis ring, and postoperative

attention should be paid to the serious complications (delayed

cerebral infarction, etc.) of permanent embolization of the

unilateral internal carotid artery (20).

Through the analysis of the cases, we have summarized

some treatment experiences: 1) According to the relevant

literature, for patients with nasopharyngeal carcinoma who

underwent high-dose radiotherapy, multiple radiotherapy and

recurrence after radiotherapy, it is especially important to

perform regular color ultrasound examination of neck vessels,

nasopharyngoscopy and CTA of head and neck for early

detection of unruptured PSA (21). After detection, super-

selective arterial embolization should be performed as much

as possible to reduce embolization of non-diseased arteries. In

order to avoid embolic particles from backflowing into the

internal carotid artery by mistake and causing serious

complications, injection of any kind of embolic material

should be done in a low-pressure, slow and intermittent way

under x-ray fluoroscopy, and assisted by applying stents or

balloons. In the selection of embolic agent, the embolization

of PSA in this group of cases is based on spring ring,

supplemented by stent if necessary. For larger PSA, in order

to achieve more complete embolization and reduce the cost,

ONXY gel embolization with the assistance of balloon is

applied in this group of cases, which is economical and has

good hemostatic effect (22). 2) When patients with

nasopharyngeal carcinoma repeatedly bleed heavily within a

short period of time after posterior nasal cavity tamponade or

interventional embolization of the external carotid artery, they

should be alerted to the possibility of PSA rupture and

bleeding. The authors suggest that DSA should be performed

at an appropriate time to clarify the site of bleeding, and the

scope of imaging should include the bilateral internal and

external carotid arteries, and to assess the compensation of

the Willis loop at the base of the brain (23). During the

imaging process, attention should be paid to: whether there is

extravasation of contrast agent, which can identify the site of

hemorrhage once it appears; whether there is a

pseudoaneurysm at the suspected site of hemorrhage; and

whether there is vascular stenosis, distortion or disorder at the
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suspected site of hemorrhage, among which the internal

carotid artery mainly shows severe lumen narrowing,

suggesting tumor invasion, while the external carotid artery

mainly shows vascular distortion and disorder. In addition, in

patients with repeated hemorrhage after radiotherapy for

nasopharyngeal carcinoma, the bleeding can be temporarily

stopped because the blood pressure decreases, the bleeding

rate slows down and blood clots are formed. When DSA

imaging is performed, the pressure of contrast injection may

cause re-bleeding or even violent and fatal hemorrhage, so we

advocate to prepare for embolization before DSA, to buy time

for resuscitation. 3) When the PSA is not suitable for

isolation, it is still controversial whether to perform

permanent embolization of unilateral internal carotid artery.

Although this method is effective for hemostasis, it may affect

the patient’s expected survival, cause late cerebral infarction

and other complications affecting the patient’s quality of life

after surgery (24, 25). In our case report, one of the patients

accepted permanent unilateral internal carotid artery

embolization, meanwhile, the internal carotid artery

angiography on the healthy side immediately after

embolization indicates that the healthy internal carotid artery

has produced compensation, and the patient’s quality of life

after surgery is good and no large cerebral infarction

occurred. However, preforming this method must be chosen

carefully after full communication with the patient’s family.
Conclusion

Currently, endovascular intervention is the best option for

managing hemorrhage secondary to postoperative internal

carotid artery pseudoaneurysm in nasopharyngeal carcinoma

patients. However, due to the rapid onset of the disease,

emergency DSA is required for diagnosis, and a

comprehensive assessment of the internal carotid artery,

external carotid artery and intracerebral vascular substitution

is also critical. In addition, in order to reduce surgical

complications, it is important to detect the responsible vessel

as accurately as possible and to select the appropriate

embolization protocol and embolization material. Finally, the

authors considered that early screening of patients at high risk

for PSA and conversion of emergency surgery to elective

surgery is the optimal treatment for this disease.
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Case report: Giant cystic ileal
gastrointestinal stromal tumor
with an atypical intratumoral
abscess
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China

Background: Gastrointestinal stromal tumors (GISTs) are typically solid,
sometimes with small cystic areas, but rarely manifest as predominantly
cystic neoplasms. In addition, cystic intestinal GISTs with intratumoral
abscess formation are rare.
Case presentation: We present the case of a 49-year-old male patient with a
history of frequent and urgent urination for 2 weeks. Radiologic studies
revealed a large cystic mass in the lower abdomen. The patient underwent
abdominal laparotomy, which revealed a large cystic mass arising from the
distal ileum invading the sigmoid mesocolon and apex vesicae. Partial
resection of the ileum along with the tumor and the adjacent bladder was
performed. Macroscopic examination revealed that the cystic mass
contained a large amount of foul-smelling pus and a tumor-bowel fistula.
The final pathology revealed an abdominal stromal tumor. Postoperative
recovery was uneventful, and adjuvant imatinib mesylate 400 mg was
administered daily. No tumor recurrence or metastasis was observed during
the 9-month follow-up period.
Conclusion: Fingings of a cystic tumor in the abdomen should raise concern
for cystic GISTs. This case report reviews a rare presentation of an ileal giant
cystic GIST with atypical intratumoral abscess formation. Complete surgical
resection and adjuvant imatinib is still the mainstay treatment for GISTs.

KEYWORDS

gastrointestinal stromal tumor, cystic neoplasm, intratumoral abscess, small intestine,

case report

Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal

tumors of the gastrointestinal tract, accounting for 0.1%–3% of all gastrointestinal

tumors (1), with an estimated annual incidence of 10–15 cases per million people (2).

Most GISTs originate from the stomach (60%), with the small intestine being the

second most common location. Small intestinal GISTs comprise approximately 30%

of all GISTs (3), and most are located in the jejunum, followed by the duodenum and

ileum (4). GISTs are typically solid tumors that rarely present with predominant

cystic changes. Therefore, cystic intestinal GISTs with intratumoral abscess formation

are rare. Herein, we report a case of cystic ileal GIST that presented as a large
01 frontiersin.org
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abdominal cystic tumor preoperatively. In addition, a large

amount of foul-smelling pus was observed within the tumor

intraoperatively. A rapid frozen pathologic examination

showed a mesenchymal tumor composed of spindle cells, and

a postoperative pathological examination confirmed the

diagnosis of GIST. Since a majority of previously reported

cases of GISTs with an intratumoral abscess had findings of

fever and significant abdominal pain, examination for an

internal air-fluid level through imaging followed by

emergency surgery should be performed (5–7). However, the

present case had no such typical features; therefore, it was an

“atypical abscess.” To the best of our knowledge, this is the

first report of an ileal giant cystic GIST (cGIST) with an

atypical intratumoral abscess. This study was reported in

agreement with principles of the CARE guidelines (8).
Case report

A 49-year-old man was admitted to our hospital with a

history of frequent and urgent urination for 45 the past 2

weeks. He did not have abdominal pain, fever, dysuria, or

hematuria. His medical history was unremarkable except for

hypertension. Physical examination revealed distention of the

lower abdomen. A large, painless, immobile, and hard mass

was palpable, having an estimated diameter of 17 cm.

Laboratory testing revealed the following: C-reactive protein,

61.50 mg/L (normal range, 0–8 mg/L); white blood cell count,

14.94 × 109/L (normal range, 3.5–9.5 × 109/L); neutrophilic

granulocytes, 80.8% (normal range, 40%–75%); hemoglobin,

101 g/L (normal range, 130–175 g/L); procalcitonin, 0.25 ng/ml

(normal range, 0–0.05 ng/ml); interleukin-6, 43.49 pg/ml

(normal range, 0–10 pg/ml); prothrombin time, 14.3 s (normal

range, 9–13 s) and D-dimer, 1.60 ug/ml (normal range, 0–

0.55 ug/ml). Routine urine tests, liver function tests, and tumor

markers (AFP, CEA, CA 19-9) were all within the normal

ranges. Ultrasonography revealed a large cystic mass, measuring

approximately 17 cm in diameter, in the lower abdomen in

front of the abdominal aorta and iliac vessels. Contrast-

enhanced computed tomography (CT) revealed an abdominal

cystic tumor with an unevenly thickened wall and mural

nodules; air-fluid levels were not observed within the tumor.

Enhancement was noted in the cyst wall and mural nodules

during the arterial phase (Figures 1A,B). Magnetic resonance

imaging (MRI) revealed a large cystic tumor with an internal

fluid signal (Figure 1C). The nature and origin of the tumor

could not be diagnosed preoperatively; therefore, a diagnostic

laparotomy was performed through a midline abdominal

incision. The procedure revealed a large cystic tumor arising

from the distal ileum invading the sigmoid mesocolon and

apex vesicae. Partial resection of the ileum along with the

tumor and adjacent bladder was performed. The tumor was

sent for frozen sectioning, revealing proliferated spindle-shaped
Frontiers in Surgery 02
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tumor cells (Figure 3A). Anastomosis of the ileal was then

performed using staples, side-to-side, without tumor rupture.

Macroscopic examination revealed that the excised cystic mass

measured 17 cm in the largest dimension and contained a large

amount of foul-smelling pus.

Further examination revealed that the tumor communicated

with the intestinal lumen via a mucosal fistula (Figure 2). The

pus culture test result was positive for Salmonella enteritidis.

Immunohistochemical staining showed that the tumor cells

were positive for c-kit, DOG-1, CD34, and vimentin but

negative for S-100 (Figures 3B,C). The Ki-67 index was

approximately 6%. Mitotic count was less than 5/50 high-

power fields. The resection margins were negative, and there

was no lymph node metastasis. Gene analyses revealed the

presence of a c-kit exon 11 mutations. The final diagnosis was

high-risk GIST originating from the ileum. Postoperative

recovery was uneventful, and there were no postoperative

complications. The urine tube was removed 1 week after

surgery, and the patient was discharged on the 13th

postoperative day. Adjuvant imatinib mesylate (400 mg daily

for 3 years) was administered. The patient did well during the

9-month follow-up visit without tumor recurrence or metastasis.
Discussion

GISTs typically present as regular solid exoplastic masses,

primarily found within the gastrointestinal tract and

occasionally outside. GISTs rarely present as predominantly

cystic tumors; in case of this rare occurrence, some

researchers define them as cGISTs; if the proportion of cystic

components is larger than 75% and the cyst wall is relatively

regular according to the corresponding gross examination or

preoperative radiological reports. The cGISTs should be

considered a specific subtype of GISTs with relatively indolent

behaviors and favorable prognoses, although similar to solid

GISTs in terms of morphological and immunohistochemical

features (9). The cause of cGISTs is related to degeneration,

necrosis, and bleeding, although the exact mechanism remains

unknown (9, 10). In addition, imatinib treatment can induce

cystic changes (11).

Small bowel GISTs (SB GISTs) are the second most common

type of GISTs in the digestive tract, with 5-, 10-, and 20-year

disease-specific survival rates of 84.4, 71.2, and 54.2%,

respectively (12). A retrospective study showed that patients with

cGISTs had a 9:11 male-to-female ratio, with a mean age of 61

years (9). As SB GISTs often show an exophytic growth pattern

and high activity, they tend to be asymptomatic in the early

stages. Abdominal pain and gastrointestinal bleeding were the

most common symptoms of cGISTs (9). Other rare

presentations include obstruction, abdominal hemorrhage,

tumor rupture, and peritonitis, which usually require emergency

surgical intervention and are more common in the small
frontiersin.org
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FIGURE 1

Ct scan showing a large cystic tumor in the lower abdomen with an unevenly thickened cystic wall, the solid component of the tumor (red arrow, A),
and mural nodules (red arrow, B) with enhancement in the arterial phase. MRI revealed a large cystic tumor with an internal fluid signal (C). CT,
computed tomography; MRI, magnetic resonance imaging.

FIGURE 3

Hematoxylin and eosin staining showing a large number of spindle cells (10 × 10, A). Immunohistochemical staining showing tumor cells positive for
c-kit (B) and DOG-1 (C).

FIGURE 2

Intraoperative photograph showing a large cystic tumor arising from the ileum (A), communicating with the ileum via a small intestinal fistula (red
arrow, A,B). The red arrow indicates the thickening of the cystic wall, which was the solid component of the tumor (red arrow, C). The last photo
shows pus within the tumor (D).

Chen et al. 10.3389/fsurg.2022.1056831
intestine than in gastric GISTs (13). GIST-related fistulas and

intratumoral abscesses are rare. Previous studies have suggested

that the mechanism of intratumoral abscess formation comprises

enteric bacteria entering the tumor cavity through the tumor-

small intestinal fistula, which occurs due to GISTs’ propensity to

cause mucosal ulceration or defects, and eventually develops into

an intratumoral abscess (5, 6, 14). There have been case reports
Frontiers in Surgery 03
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of bacteremia and pyogenic liver abscesses resulting from enteric

bacteria entering systemic circulation through the portal vein

(14, 15). However, the present case had no typical features, such

as a previously reported abdominal abscess or hyperpyrexia,

severe abdominal pain, air-fluid level on imaging, and other

indications for emergency surgery (5–7). He only had a mild

elevation of inflammatory markers; therefore, it was referred to
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as an “atypical abscess.” We speculate that the patient was in the

early stage of the disease without bacteremia or infection due to

gas-producing bacteria.

CT or MRI is of great significance in diagnosing cGISTs.

cGISTs usually demonstrated as an exophytic, well-defined,

low-density mass with peripheral enhancement on contrast

imaging (9).Tumor calcification was observed in 22% of

patients, and tumor-related complications, such as tumor-

bowel fistula, bowel obstruction, and intraperitoneal rupture,

were observed in 32% of patients (16). However, CT or MRI

is insufficient for preoperative diagnosis, especially for cGISTs.

In addition, it is difficult to differentiate it from other cystic

diseases such as duplication cysts, mucin-producing tumors,

pancreatic pseudocysts, and cystic lymphangiomas. 18F-

fluorodeoxyglucose positron emission tomography (18FDG-

PET) can be helpful in differentiating malignancy and ruling

out metastatic disease as well as monitoring response to

molecularly targeted therapy. Moreover, 18FDG-PET is more

sensitive for the assessment of early therapy response than

morphologic imaging modalities (17).

A recent systematic review and a retrospective cohort study

showed diagnostic biopsies are safe procedures, with a very low

risk of needle tract seeding and without an increase in local

recurrence rates (18, 19). Endoscopic ultrasound-guided fine-

needle aspiration (EUS-FNA) may provide an opportunity for

preoperative pathological diagnosis of gastric cGISTs (20, 21).

However, the safety for SB cGISTs needed to be further

studied, especially for giant cystic lesions.

Histological examinations, immunohistochemical features

and mutational analysis are useful for the final diagnosis of

GISTs. Histologically, the most common cell morphology was

the spindle cell type (86%), followed by the epithelial type

(5%), and mixed type (9%). Immunohistochemical tests

indicated that KIT, CD34, SMA, S-100, and desmin

expression rates were 98%, 40%, 34%, 14%, and 0.2%,

respectively (22). Mutational analysis showed that KIT

mutations are present in 75% of GISTs, whereas 10% have

platelet-derived growth factor receptor alpha mutations (23).

Surgical resection and imatinib are the most effective

treatment for primary GISTs. For cGISTs, high attention

should be paid intraoperatively to avoid abdominal

dissemination due to tumor rupture. Partial resection of the

ileum along with the tumor is the standard procedure for ileal

cGISTs and lymphadenectomy should not be routinely

performed if there is no evidence of lymph node metastasis. It

is well accepted patients with high-risk features had prolonged

overall survival (OS) with adjuvant imatinib (24). However, a

previous study showed that oncologists tend to frequently

underestimate the risk of GIST recurrence after initial tumor

resection, especially in patients with intermediate tumor size

(6–10 cm), intermediate-level mitotic count (6–10/50 HPF),

and non-gastric origin, which affects the duration of

postoperative adjuvant therapy and recurrence-free survival
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(25). In addition, preoperative imatinib therapy can effectively

prevent tumor rupture and reduce post-surgical complication

as well as improve prognosis for large GIST patients (26, 27).

Therefore, for resectable cases of GISTs, accurate assessment

of post-resection risk, standardized adjuvant/neoadjuvant

therapy, and follow-up are crucial to improve prognosis and

reduce postoperative recurrence.
Conclusion

We present the case of a large cGIST located in the ileum with

an intratumoral abscess diagnosed through histopathology after

surgical excision. For intraperitoneal cystic lesions, especially

those suspected to originate from the gut, the possibility of a

GIST should be considered before surgery. We have shared our

clinical experience to help guide the management of similar cases.
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Giant superficial angiomyxoma
of the male perineum: A case
report
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Superficial angiomyxoma (SA) is a rare benign tumor that occurs either in the
superficial dermis or subcutaneously. It often occurs in the trunk, neck, or
limbs, and grows slowly. The diameter of the tumor is usually less than
5 cm. A giant SA of the perineum in men is very rare. We detailed the
diagnosis and treatment of male patients with perineal SA and performed a
literature review. We report a case of a 42-year-old male patient. He was
admitted to hospital with a perineal mass found more than 1 year
previously. A pelvic contrast-enhanced computed tomography scan in our
hospital suggests that a round slightly hypointense foci of about 6.0 cm ×
8.6 cm × 4.5 cm in size with still clear borders was seen below the penile
corpus cavernosum in the perineum. We performed a perineal mass
excision under continuous epidural anesthesia. A postoperative pathology
report diagnosed perineal SA. There was no recurrence at follow-up for 27
months up to May 2022. Perineal SA is rare and should be combined with
patient history and imaging to ensure complete excision of the mass
margins. Adherence to long-term postoperative follow-up is the key to
curing this case.

KEYWORDS

superficial angiomyxoma, perineal tumor, case report, surgical removal, clinical

pathology

Introduction

Superficial angiomyxoma (SA), also known as a cutaneous mucinous tumor, is a

rare benign soft tissue tumor of the skin. SA was first reported by Carney et al. in

1985, with an incidence in the range of 0.008%–3% (1). Most SAs are isolated and

can manifest themselves in association with Carney syndrome (2), which includes

mucinous tumors, patchy skin pigmentation, and endocrine hyperfunctional

disorders. Preoperative imaging examination has a certain significance for the

estimation of tumor range and prognosis. However, imaging lacks typical features

and a diagnosis is often made definitively by pathology. A giant SA in the perineum

is extremely rare, and we report this case with the aim of providing a reference

experience for clinical management.
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Case presentation

A male patient aged 42 years was admitted to the hospital

after “finding a perineal mass for more than 1 year.” The

patient complained that he found a mass the size of peanut rice

in the perineum 1 year previously, without tenderness and

discomfort from ulceration. At that time, he did not pay

attention to it, and the mass then gradually increased. A color

Doppler ultrasound in the local hospital showed a slightly

hypoechoic mass in the perineum, which was not treated at that

time. During the physical examination, a hard and fixed mass

of about 8.5 cm × 6 cm was palpable in the patient’s perineum.

To understand the nature, blood supply, and anatomical

location of the mass, a contrast-enhanced computed

tomography (CE-CT) scan of the pelvis was performed. A

round slightly hypointense foci of about 6.0 cm × 8.6 cm ×

4.5 cm in size with still clear borders was seen below the

penile corpus cavernosum in the perineum (Figure 1A), with

a CT value of approximately 17 HU. During the arterial
FIGURE 1

Patient imaging data. (A) CT plain axial image.(B) Arterial phase of the contra

Frontiers in Surgery 02

246
phase of enhanced scanning, an arterial vessel was seen

(Figure 1B). The enhancement of the lesion was not obvious,

and uneven enhancement was seen in the venous phase

(Figure 1C), with a CT value of approximately 31 HU. The

prostate was small, the edge was smooth, and the density in

the parenchyma was uniform. The shape, size, and density of

the seminal vesicle gland were normal. The bladder was well

filled. The bladder wall was smooth, without thickening or

nodule protrusion. The bladder seminal vesicle angle was

normal. There was no effusion or enlarged lymph nodes in

the pelvic cavity. Initially, a large benign tumor in the

perineum was considered, but the type of tumor was not yet

clear. In the past, the patient had been in good health. No

abnormality was found in his chest x-ray, ECG, or routine

biochemical examination after admission.

After communicating with the patient, he underwent a

perineal mass resection under continuous epidural anesthesia.

A lithotomy position and indwelling catheterization were

used. A vertical incision was made in the middle of the lower
st. (C) Venous phase of the contrast.
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FIGURE 2

Patient tumor specimen. (A) The excised specimen was approximately 8.5 cm× 6 cm× 5 cm with clear margins. (B) The surface is grayish white, jelly-
like, rubber-like.
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part of the scrotum. After cutting into the superficial perineal

muscle layer, the tumor capsule could be seen, which was free

along the tumor capsule. The tumor was close to the urethral

cavernous body above the tumor, and there were tumor

nutrient vessels on the inner side. After carefully ligating the

vessels, the tumor was completely removed and observed. The

size of the tumor was approximately 8.5 cm × 6 cm × 5 cm in

size (Figure 2A); the specimen was soft. The surface was off-

white, jelly-like, and rubbery after cutting (Figure 2B). The

pathological report from our hospital shows that under the

microscope, there were abundant interstitial mucus,

fibroblasts, more thin-walled vascular hyperplasia, and no

epithelial cells (Figure 3). Based on these pathological

findings, the diagnosis of perineal SA was confirmed. The

patient recovered successfully and was discharged on the

fourth postoperative day, and is still being followed up with

no recurrence, and he expressed great satisfaction with the

surgical treatment.
Discussion

SA is a rare benign skin tumor, which is considered a special

type of soft tissue tumor. They are difficult to diagnose because

they lack unique features like fibroepithelial polyps (3). In recent

years, SA has been clearly defined as an isolated soft tissue

tumor entity. They can occur anywhere in superficial tissue

and are painless (4), slow-growing masses. Allen et al. first

reported 28 cases of SA in 1988 and named it superficial

vascular mucinous adenoma (5). The clinical manifestations

are mainly skin papules, nodular or polypoid masses, no pain,

and a wave motion on palpation. The skin color on the
Frontiers in Surgery 03
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surface is normal and mostly single lesion (6). In 2002, the

World Health Organization classified SA as a benign tumor

with undetermined differentiation (6). SA is rare in clinic and

has not been reported in a large sample volume. At present,

more than 30 cases have been reported in China. There is no

significant gender difference in the incidence population, and

the incidence is slightly higher in men than in women (4).

The peak incidence is at the age of 40 years approximately

(7). The disease can occur throughout the body (4, 8), mainly

in the trunk, extremities, head and neck, and rarely in the

perineum and vulva (3, 9). This case is a middle-aged man

with a giant tumor in the perineum, which is rare.

Similar to other interstitial masses in the perineum, SAs are

cystic in nature and are easily misdiagnosed as polyps or

epidermoid cysts during physical examination (10). The

surface of the SA is covered with epithelial tissue. It has a

white, gray appearance, with occasional bleeding due to skin

abrasion. It is an enveloped, soft, lobulated cystic tissue. The

cut surface of the mass is shiny, colloid-like, translucent, gel-

like tissue (2). The same is true for the surface of the mass

incision in this case. Its pathogenesis is not yet clear. SAs may

be sporadic or related to Carney syndrome, which is an

autosomal dominant syndrome characterized by cardiac and

mucosal skin myxoma, skin pigmentation, and a variety of

endocrine gland hyperthyroidism (mainly endocrine

adenoma) (11). This case is an isolated perineal SA in a man.

No cardiac myxoma or other endocrine abnormalities were

found during the preoperative examination.

The preoperative diagnosis of SA is difficult, and imaging

helps to clarify the relationship between the SA and the

surrounding tissues. On ultrasound, the SA appears as a

confined round or oval mass with heterogeneous internal
frontiersin.org
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FIGURE 3

Pathological histological section of this case (HE × 200). Scattered spindle cells, stellate cells and perivascular inflammatory cells are visible against
the background of a large amount of mucus stroma microscopically.
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echogenicity. The CT/magnetic resonance imaging (MRI) scan

of SA mostly shows a rounded/lobular soft tissue mass with

well-defined borders and superficial lesions, with hypodense/

low signal foci without significant enhancement. Its substance

is the mucus-rich stromal component of the tumor. The

separation of collagen bundles is also seen, showing

isointensity (CT)/low signal (MRI). The literature reports a

slightly dense or mixed signal with focal hemorrhage (12).

Clinically, SA usually has good boundaries and often extend

to subcutaneous fat (12). Histologically, SA has an extensive

mucus stroma consisting of loose spindle or stellate fibroblast-

like lobular aggregates with an abundant mucus stroma

containing thin-walled, medium-sized, hyaline vessels in a

disorganized arrangement (13). The nuclei are ovoid, slightly

darkly stained or vesicular, with inconspicuous nucleoli, no

obvious heterogeneity, and rare nuclear division. In addition,

a small number of inflammatory cells, mainly lymphocytes,

neutrophils, and eosinophils, can be seen (14, 15). The

presence of neutrophils can be a diagnostic clue, especially in

the absence of skin ulceration or inflammation, as neutrophils

are not present in other mucinous lesions of the skin. SA

should be distinguished from all malignant and benign
Frontiers in Surgery 04
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myxoid tumors on the surface, including aggressive

angiomyxoma, myxoid neurofibroma, dermal nerve sheath

myxoma, and low-grade fibromyxoid sarcoma.

Complete surgical excision is the best treatment for

superficial hemangio mucinous tumors. Although SA is a

benign tumor of the skin, there is a 30%–40% chance of local

recurrence after surgery due to incomplete excision or blurred

margins (16). A regular review and close follow-up should be

done after surgery. No distant metastasis or malignancy has

been reported so far (17).
Conclusions

The incidence of SA is low and the clinical presentation

lacks specificity, but SA should be considered when painless

pelvic and perineal swellings without other features are found

in young and middle-aged men. A pathological examination is

the gold standard for diagnosing this disease. However, the

relationship between the mass and the surrounding tissues

and whether it invades deep tissues can be clarified by

ultrasound, MRI, and CT auxiliary examination, which is a
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reliable guide for judging the benignity and malignancy of the

tumor and its prognosis. Extensive surgical excision is

currently the main method of treatment, ensuring that the

edges of the mass are removed intact to avoid postoperative

recurrence. Although SA has a good prognosis, patients still

need to be informed of regular follow-ups.
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Background: Mucinous cystadenocarcinoma (MC) of the kidney is a rare renal
epithelial tumor originating from the renal pelvic urothelium. There are only a
few published reports on MC. Due to its rare and unknown tissue origin, its
diagnosis is difficult which almost can be diagnosed through the
pathological method.
Case presentation: In this case report, we report a female patient whose chief
complaint was low back pain lasting for one month. The three-dimensional
computed tomography scan of the urinary system detected approximately 7 cm
of a left renal cystic mass. The renal cystic mass was diagnosed as MC after
robot-assisted laparoscopic radical nephrectomy. The MC originated from the
kidney after completing colorectal adenocarcinoma and ovarian adenocarcinoma.
Conclusions: We reported a case of MC of the kidney which was a rare renal
tumor. We not only aimed to present an unusual case of MC and review the
previous literature on its pathology and differential diagnosis, but also used new
method to treat this type of tumor.

KEYWORDS

mucinous, cystadenocarcinoma, kidney, primary, robot-assisted surgery

Introduction

The MC of the kidney is a rare tumor that accounts for less than 1% of malignant

kidney tumors of the renal pelvis (1). However, its origin from the primary kidney is

uncommon. Due to its rarity, it cannot be directly diagnosis in lieu of clinical and

imaging features. It presents on computed tomography as a cystic renal mass, and a

differential diagnosis mostly results in a misdiagnosis. Here, we reported a rare case of

the MC of the primary kidney. This is the first case in which a Da Vinci robot was used

to radically resect the left renal MC including the ports placement and operative details.
Abbreviations

MC, mucinous cystadenocarcinoma; CT, computed tomography; MRI, magnetic resonance imaging; IHC,
immunohistochemistry.
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We aimed to report this rare tumor and retrospectively review the

pathology, radiology images, and surgery with challenges in cases

of misdiagnosis of this type of neoplasm. This case report was

reported in agreement with principles of the CARE guidelines

(2) and its reporting checklist was as the supplementary material.
Case report

A 46-year-old female patient presented with a complaint of

left lower back pain for one month. One month prior, the

patient had developed intermittent left lumbago without

radiation pain. She had no urinary irritation, hematuria, fever,

night sweats, or other uncomfortable feelings. She had a history

of transvaginal myomectomy 7 years ago, left lumbar impact

injury 9 years ago, and smoking for 10 years. She denied a

history of hepatitis, tuberculosis, hypertension, diabetes, and

coronary heart disease. There was no percussion pain in the

double renal region, and a 6 × 6 cm mass in the left abdomen

could be deeply palpated. In additional, there was no tenderness

in the ureteral area or edema in either lower limb. An auxiliary

examination revealed the following. Three-phase enhanced CT

of the kidney showed decreased perfusion of the left kidney and

a cystic low-density shadow in the left renal hilum, with a CT

value of approximately 5 ± 10 HU and size of 7.4 × 7.4 cm.

There were flocculent and high-density shadows in the cyst;

however, there was no enhancement in the lesion and slight

enhancement in the wall. In addition, the left renal pelvis was

dilated, with no abnormal density shadow and a clear perirenal

fat space. A small amount of fluid density under the left renal

capsule were observed in the images. In general, no significant

differences were found in the three-phase enhancement images.

No abnormalities were observed in the right kidney. (Figure 1)

Pulmonary CT findings were as follows. Nodules were observed

under the pleura of the upper lobe of the right lung with a
FIGURE 1

Enhanced computed tomography scan: A round low-denisty cystic mass loca
0.5 cm at the wall. (A) Arterial phase (B) Venous phase.
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diameter of approximately 3 mm, and a punctate high-density

shadow was observed in the upper lobe of the right lung. No

abnormalities were found in the abdominal aorta, bilateral iliac

artery, bilateral iliac vein, or inferior vena cava. On transvaginal

three-dimensional ultrasound, cervical echo was found to be

non-uniform. Routine blood examination showed no obvious

abnormalities; blood, liver, kidney, and blood coagulation

function were normal. The urine routine test results were

abnormal: the erythrocyte count was 50.7/μl and leukocyte

count was 171.8/μl. After comprehensive analysis, the admission

diagnosis included a left renal tumor, left renal hydronephrosis,

and left renal subcapsular effusion.

After admission to our hospital, perioperative preparation

improved, and robot-assisted radical nephrectomy was

performed under combined intravenous infusion and

inhalation anesthesia. We used the da Vinci Xi surgical

system of the fourth generation to perform the radical

nephrectomy. The transperitoneal approach was adopted

instead of the traditional retroperitoneal access approach to

view the large tumor. The patient was placed in a lying

position with the right oblique at 45°. The incision was at the

lateral border of the left rectus abdominis under the 3 cm of

the umbilical horizontal line. By cutting the subcutaneous

tissue of the skin layer by layer, the sheath of the rectus

abdominis, and the peritoneum, we put the first 8 mm trocar

into the abdominal cavity, which connected to the robot’s

third arm, placing the monopolar curved scissors, with

keeping the pneumoperitoneum pressure at the 14 mmHg

level. Laparoscopy was inserted and the other trocars were

established under direct vision. The second 8 mm trocar was

established at the width of the two fingers under the xiphoid

process, which connected to the robot’s first arm, placing the

maryland forceps bipolar. The third 8 mm trocar was

established at the equidistant position between the above two

trocars, which connected to the robot’s second arm, placing
ted at the renal helium, measuring 7.4 × 7.4 cm in size with a width of
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the laparoscopic lens. The area among the trocars and the

operative region was kept as an isosceles triangle. Next, the

fourth trocar was established at the position of the 2 cm

medial to the iliac crest, which connected to the robot’s

fourth arm, placing a large needle driver. Finally, we

established the fifth 10 mm trocar under the umbilicus as an

auxiliary port. (Figure 2C) After examination, it was revealed

that approximately 10 cm of the round eminence of the

splenic curvature of the colon was protruding into the

abdominal cavity. After releasing part of the adhesion, the

descending colon adhered to the lateral abdomen, and the left

peritoneum was cut along the para-colonic groove. The

adhesion between kidney and surrounding tissue was severe,

and the adhesion around the tumor was also serious, making

it difficult to separate. The nature of the tumor was difficult

to judge due to wound bleeding, the unclear relationship

between between the tumor and kidney, and serious adhesion

of the tumor with the psoas major muscle. Because the

possibility of malignancy was high, we performed radical

resection of the left kidney, including the tumor and part of

the ureter. Dissociating the genital vein, and going upstream

along it to the renal hilum, then we saw the renal vein. After

using Hem-o-Lok clips to disconnect the genital vein, we then

separated the renal vein and dissociated the renal artery in the

rear. Next, clipping the renal artery and vein with Hem-o-Lok

clips, we dissociated the inferior pole of the kidney to sever
FIGURE 2

Immunohistochemistry results: (A) CDX2(+): diffuse and strong nuclear immun
CK20(+): atypical mucinous epithelium with patchy cytokeratin 20 staining.
diffuse strong staining for the MUC2 and MUC5AC gene products (×20) (
microscope, and the areas of the cyst wall are lined by atypical mucinous ep
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the ureter. Finally, with preserving the adrenal gland, the left

kidney and tumor was removed completely. In the gross

specimen, a mass measuring 7 × 7 cm was observed near the

hilum of the left kidney and was associated with the ureter.

(Figure 2A) After dissection along the vertical axis, there was

an outflow of yellowish gelatinous material, and no neoplasm

invasion was found in the renal pelvis or ureter. (Figure 2B)

During surgery, approximately 800 ml blood was lost;

therefore, 400 ml of plasma and 4 U of red blood cells were

infused, and no transfusion reaction was observed. Pathology

reports revealed that the volume of the left kidney was 11 ×

5 × 7 cm, and the volume of the gray-white cystic mass was

7 × 6 × 5 cm at one pole. There was a large amount of mucus

in the tumor, which was a focal grayish yellow color, similar

to necrosis. There was a local grayish red color around the

kidney, and part of the ureter was adherent. The ureter length

was 5 cm, and the broken-end diameter was 0.6 cm.

Microscopically, a wide range of mucus lakes was observed, in

which floating and irregular glands showed large, deep

staining of the tumor nucleus and obvious atypia. The image

showed mucinous epithelium and a large amount of mucus.

(Figure 3F) Immunohistochemical results were as follows:

CDX-2(+), Villin(+), CK7(-), CK20(+), CEA(+), MUC2(+),

MUC5AC(+), ER(-), PR(-), P16(-), and CA125(-).

(Figures 3A–E) Low-grade mucinous adenocarcinoma of the

left kidney was pathologically diagnosis; however metastasis
oreactivity for CDX2. (B) CEA(+): diffuse strong staining for the CEA. (C)
(D) MUC2(+) and (E) MUC5AC(+): atypical mucinous epithelium with
F) pathology: a wide range of mucus lake was observed under the
ithelium (H&E staining) (×20).
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FIGURE 3

Fresh specimen of the left kidney with mass after radical resection. (A) Gross specimen: The tumor was associated with the kidney and located at the
inferior pole. (B) Resection along the vertical axis: The tumor has a large amount of mucus with a focal grayish yellow appearance and thin wall. (C)
The ports implacement.
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was not diagnosed, suggesting the clinical examination of the

appendix. No cancer was found at the end of the ureter or

vascular end of the renal hilum.

Results of the routine blood examination on the first day

after surgery were abnormal: the white blood cell count was

10.5 × 109/L and percentage of neutrophils was 85.9%. The

catheter was removed on the second day after surgery. The

CT of the upper, middle, lower abdomen was reexamined on

the fourth day after surgery. A low-density shadow in the left

accessory area, with a small amount of high-density shadow

in the pelvic cavity, was observed; furthermore, no

abnormalities were found in the other organs. The drainage

tube was removed on the fifth day postoperatively, and the

patient was discharged without any complaints of discomfort.

Our patient was very satisfied with our surgical method and

therapeutic measures. There was no special discomfort after the

operation, and she recovered quickly, feeling better than before.

She suggested that we deal with her tumor properly and timely.
Discussion

Primary mucinous adenocarcinoma of the kidney is rare,

originating almost entirely from the epithelium of the renal

pelvis. Although this type of tumor is located in the renal

pelvis, it can also be located in the kidney, ureter, or bladder.

To date, approximately 100 cases of mucinous

adenocarcinomas of the renal pelvis have been reported. Van

Langenhove et al. summarized eight cases of MC of the

kidney in the last 10 years after searching the PubMed

database (3). We found only one case of MC of the kidney

originating from one pole of the kidney without invading the

renal pelvis and ureter, which was resected through partial

nephrectomy (4). In this paper, we report a case of the MC of
Frontiers in Surgery 04
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the kidney that was located at the lower pole. The disease

occurs frequently in men, and there are on specific symptoms,

such as mucusuria, flank pain, hematuria, or symptoms that

are generally caused by kidney stones and pyelonephritis. In

addition, the tumor is generally large, and the abdominal

mass is palpable (3, 5). The patient only presented symptoms

of left lower back pain. Several theories about the histogenesis

of MC in the kidney have been proposed to explain the

metaplasia of glands in the pluripotent uroepithelium of the

collecting system. The three histogenetic theories include

chronic stimulation and differentiation of coelomic epithelial

and renal dysplasia (6).

Radiological examinations included ultrasound, CT, or

magnetic resonance imaging (MRI) to locate and evaluate the

nature of the tumor. However, MC has no unique radiological

characteristics. Therefore, distinguishing between benign or

malignant tumors or determining the tumor origin are

difficult using preoperative radiographic images. After

summarizing 30 cases of mucinous adenocarcinomas of the

renal pelvis, Li et al. found that mucinous adenocarcinomas

presented as multiple renal pelvic calculi, severe

hydronephrosis, calculous pyonephrosis, or ureteric junction

obstruction, with few cases manifesting as a mass or tumor

(5). Although, unique imaging features are lacking to

differentiate mucinous adenocarcinomas from common renal

tumors, there are also substantial proposals to involve

urologists. Most papillary renal cell carcinomas are commonly

associated with lymph node metastasis or renal vein

infiltration (3). In our imaging findings, because the tumor

secreted mucus, it turned into a low-density mass with a

slightly thicker and smoother cyst wall on CT, with a CT

value of 5 ± 10 HU and flocculent high-density shadow.

Enhanced CT suggested no obvious enhancement in the

content and slight enhancement in the cystic wall; the tumor
frontiersin.org
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could be classified as a Bosniak III. After consulting with general

orthopedic surgeons and performing an improved three-

dimensional CT scan of the pancreas, an invasive relationship

or serious adhesion between the tumor and surrounding

tissues, including the psoas major and pancreas, was not

found. Because the imaging findings were not specific, we

considered the hematoma to be caused by a history of trauma

or retroperitoneal tumor. Apart from imaging, special

auxiliary examinations may also help in the diagnosis of

mucinous adenocarcinomas of the kidney. Some cases have

indicated that urine exfoliative cytology might serve as a

useful tool when combined with clinical findings. In addition,

several studies have also described the important role of CEA

and CA199 plasma levels as useful markers before surgery to

diagnose mucinous adenocarcinoma and as independent

markers for prognosis and recurrence (7).

Renal MC generally have multiple cysts, and the tumor body

is large and contains glue-like substances. Most of the cyst walls

are smooth, white, or pink, and the local position may have

nodular, granular, or micropapillary structures (8). According

to the pathological examination results of this patient, a gray-

white cystic mass measuring 7 × 6 × 5 cm and a large amount

of mucus in the tumor were observed in the lower pole of the

kidney, which was closely related to the ureter. Many mucous

lakes and mucoid columnar epithelium were observed under

the microscope, which appeared highly similar to the cellular

epithelium of colorectal adenocarcinomas. Unlike benign

adenomas, we found that the tumor cells showed invasive

growth microscopically. As stromal invasion is a definitive

marker of malignancy, MC was diagnosed.

Considering that the pathological feature of the tumor is the

secretion of a large amount of mucus, we analyzed the tumors

from a neoteric perspective. The patient was thought to have

either a mucinous tubular and spindle cell carcinoma

(MTSCC), mixed epithelial and stomal tumor (MEST), or

renal abscess. Particularly, MTSCC cells can secret mucus.

Fine et al. categorized MTSCC into different subtypes

according to the proportions of mucus, tubular, and fusiform

components. One subtype is typical, which combines three

components, and the other subtype is mucin-lacking, which

has little mucus but is full of spindle cells or tubules (9). In

addition, the tumor is located in the renal parenchyma with

expansive growth and a cystic-solid tumor with a clear

boundary as determined by imaging. Plain CT scans are

generally isodense or have low density (10). Enhanced CT

showed that the density of the tumor was significantly lower

than that of the renal cortex and medulla (11). However, in

this case, there were only mucous matrix and mucous

epithelial cells, no tubular or spindle cells were found, and the

imaging was not consistent; therefore, we ruled out the

diagnosis.

Furthermore, MEST has a mucous matrix composition. It is

a complex cystic and solid mass characterized by the presence of
Frontiers in Surgery 05
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stromal components similar to the stroma of the ovary

(composed of fusiform cells with full nuclei and rich

cytoplasm) and epithelial component of cysts with an

epithelial lining (12). MEST is a complex tumor composed of

large cysts, microcapsules, and tubules. The largest cysts

consist of columnar and cuboidal epithelia, which occasionally

forms small papillary masses. The mucous stroma and

fascicular area of the smooth muscle cells may protrude (13).

Chu et al. reported a case of a borderline MEST-secreting

myxoid matrix (14). The imaging manifestations are not

specific. In a typical MEST, an expansive multilocular cystic

mass may protrude into the renal pelvis with varying sizes

and a thick cystic septum. The tumor does not have a thick

fibrous wall, but the cystic septum is thicker than a typical

cystic nephroma (13). In our case, there were no special

structures observed under the microscope, except for the

mucinous epithelium; therefore, MEST was excluded.

Lastly, renal abscesses had similar imaging findings. Renal

abscesses are characterized by complex renal cysts with fluid

density, uneven intensity, and thick and irregular walls.

Owing to the presence of viscous pus, the liquid components

show strong and uneven diffusion limitations on diffusion-

weighted imaging. Contrast-enhanced CT showed well-

defined, low-density round masses, often with thick edges or

halos. The abscess had extended around the kidney. MRI

showed inhomogeneous thick-edge lesions with low signal

intensity on T1-weighted images and high signal intensity on

T2-weighted images with limited diffusion (12, 15).

Renal MC can be primary or secondary. However, because

primary mucinous adenocarcinoma of the kidney is relatively

rare, metastasis from other primary origins, including the

pancreas, ovary, colorectum, appendix, should first be

excluded. The immunohistochemical results, CDX-2(+), CK20

(+), CEA(+), MUC2(+), MUC5AC(+), Villin(+), and CK7(-),

were almost similar between the intestinal and ovarian

phenotypes. However, combined with the imaging findings of

the patient, the origin of the primary lesion could not be

determined. Only one case of low-grade cystadenocarcinoma

of the appendix presenting as a renal tumor was previously

published by Gómez-Román et al. in 1995 (16). The three

intestinal tumor markers, CDX2(+), CK20(+), and CK7(-),

were similar to the immunophenotype of colorectal

adenocarcinoma. Colorectal adenocarcinoma is characterized

by CK7(-) and CK20(+) (17). Both the CK7-/CK20 +

phenotype and CDX2 antibody expression are highly specific

and sensitive markers of the origin of colorectal cancer, and

the specificity of CK7-/CK20+ is 97.6% (18). Therefore, it is

necessary to consider whether the tumor is of intestinal

origin. CDX2 can also be expressed in ovarian mucinous

adenocarcinoma, but most express CK7(+) and CK20(-). In

addition, MUC2 and MUC5AC are secretory mucins, and the

biological significance of their positive expression is mainly in

the formation of high-viscosity gel-like mucus. These
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immunostaining results support another differentiation theory

of the histogenesis of the coelomic epithelium in MC in

which the peritoneum (mesothelial) undergoes mucinous

metaplasia and mucinous cystadenoma (4).

Radical nephrectomy is generally used in the surgical

treatment of renal MC; however, Chung et al. reported the

use of a partial nephrectomy (4). However, partial resection

may be associated with the risk of recurrence and tumor

rupture, leading to peritonitis. Some reports have also

suggested an additional ureterectomy to improve prognosis,

namely conventional nephroureterectomy with a bladder cuff,

in case of mucusuria to prevent implantation of tumor cells,

due to its development in areas such as the bladder and

ureter where the urothelium was present (5). In this case, we

performed robot-assisted laparoscopic radical resection of a

left renal tumor, and the operation was completed using a

transperitoneal approach because the relationship between the

tumor and surrounding tissue was unclear and adherent. This

was the first robot-assisted laparoscopic radical nephrectomy

of MC of the kidney. We considered partial resection of the

tumor; however, in view of the situation during the operation

and after communicating with the family, we performed

robot-assisted laparoscopic radical nephrectomy, and the

tumor was completely removed. Compared with laparoscopic

radical nephrectomy, robotic radical nephrectomy has obvious

advantages, such as providing 3D visual effects with a wider

and clearer range of observation and reducing the interference

of the instrument, so that the operator can accurately view the

anatomy for accurate suture and tremor of the surgeon’s hand

can be eliminated (19). Autorino et al. Concluded that
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patients who underwent robotic radical nephrectomy had a

higher histological grade and pathological stage and shorter

hospital stay, but no difference in operative complications

were observed. These results suggest that robotic radical

nephrectomy could treat patients with a more advanced and

challenging MC (20). Similarly, this case adopted a

transperitoneal approach, which is different from the

traditional retroperitoneal access approach. The

retroperitoneal approach is associated with an earlier recovery

of intestinal function, shorter hospital stay, earlier recovery,

shorter operation time, and shorter renal hilar vascular

control time. However, the transperitoneal approach has a

wider workspace and anatomical landmarks and locations can

be identified easily (21). Considering the larger tumor size,

risk of adhesion with other tissues, and practical needs, we

chose transperitoneal access. In summary, we have provided a

new method to treat renal MC. According to this case, the

challenges of the robotic approach with a mucinous tumor

included the fat saponification, severe adhesion with

surrounding tissue, and difficult separation. Besides, the cystic

renal occupied lesion was easy to be punctured, and leading

to peritonitis if the tumor was ruptured. The patient

recovered quickly postoperatively. The catheter was removed

on the second postoperative day, and the drainage tube was

removed on the fifth day after the operation.

The prognosis of primary adenocarcinoma of the renal

pelvis is generally poor, with most patients dying during the

2–5 year follow-up period. The longest reported follow-up

period with good prognosis was 79 months (22).

Chemotherapy, radiotherapy, and chemoradiotherapy has
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been recommended for the treatment of mucinous colorectal

cancer and mucinous ovarian carcinoma (5). Therefore, we

have adopted adjuvant therapy, such as chemotherapy after

surgery, to prolong the survival time of patients. After

following-up for half a year, the patient not only recovered

well without any discomfort, but also the life and work of the

patient were not affected with the weight increasing 10 kg. We

did not give the patient adjuvant drug therapy, radiotherapy

or chemotherapy. After discharging from our hospital, the

patient improved gastrointestinal endoscope and appendix

examination, the gastrointestinal tumor and appendix

abnormality were not found, and no local recurrence and

distant metastasis were found on the whole abdominal CT

scan. (Figure 4) We will continue to follow up in future.
Conclusion

We are the first to report a case of renal MC resected by

robot-assisted laparoscopic radical nephrectomy. We have also

reported another case in which the tumor was on the kidney

without invading the renal pelvis and ureter. MC of the

kidney is so rare that is cannot be diagnosed using

radiological images; consequently, it can be misdiagnosed to a

great extent. Although pathological diagnosis is the gold

standard, we still considered the tumor as a local lesion or

metastasis of intestinal or ovarian origin. In addition,

preoperative examinations, including urine exfoliative cytology

and serum levels of CEA and CA199, may improve the

efficiency of diagnosis. In this study, we report a tumor that

secreted mucus, the origin of the neoplasm, and the

advantages of using robotic technology. When encountering a

similar patient, we recommend following this situation.
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Background: Hepatic sarcomatoid carcinoma (HSC) is an extremely rare
malignant tumor typically observed in clinical settings. HSC occurrence is
predominantly noted in the right lobe and rarely in the left lobe of the liver.
This report presents a case of sarcomatoid carcinoma that occurred in the
left outer lobe of the liver, which was accompanied by gastrointestinal
stromal tumors (GSTs) in the greater curvature of the stomach. In addition,
the patient showed late-stage recurrence of HSC in gastric tissues.
Case presentation: A 63-year-old man was concomitantly diagnosed with HSC
and GST. The main clinical manifestation was fever. Abdominal computer
tomography (CT) and ultrasound-guided percutaneous liver biopsy at the
local hospital revealed the presence of malignant hepatic tumors. The
patient approached our hospital for further treatment. The subsequent
electronic gastroscopy showed multiple submucosal tumors (SMT) in the
stomach. Owing to the absence of multiple metastases in other regions of
the body, we performed left hepatic lobe resection with gastric partial
resection. The postoperative pathological analysis confirmed the presence of
HSC and GST. The patient reported feeling well 1 month after the surgery,
and no obvious space-occupying lesions in other areas were noted via
imaging examinations. However, 3 months later, the patient presented with
pain in the upper left abdomen, and examination revealed cancer recurrence
in the stomach. The surgery was repeated, and the patient recovered
favorably after the procedure. Unfortunately, the patient died owing to
multiple metastatic diseases 4 months after the second surgical procedure.
Conclusion: HSC shows no characteristic clinical manifestations and is highly
malignant. Surgical intervention is the first treatment of choice for patients
with HSC. In cases of sarcomatoid cancer occurring in the left lobe of the
liver, it is imperative to exercise strict vigilance against the tumor’s invasion
Abbreviations
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of the stomach tissue. This is particularly important when the tumor breaks through the
capsule of the liver.

KEYWORDS

hepatic sarcomatoid carcinoma, gastric stromal tumor, case report, infiltration, review
Introduction

Hepatic sarcomatoid carcinoma (HSC) is a particularly

malignant tumor with unknown pathogenesis, and it accounts

for 2% of surgically removed cases of hepatocellular carcinoma

(HCC) and 3.9%–9.4% of autopsies (1, 2). HSC may be a

tumor of monoclonal origin; however, its histological origin

remains controversial (3). Compared with HCC and

intrahepatic cholangiocarcinoma (ICC), HSC has a higher

histological grade, recurrence rate, and metastasis rate; therefore,

its prognosis is extremely poor. Currently, surgical treatment is

the first choice of treatment, and adjuvant treatments include

radiotherapy, chemotherapy, and interventional therapy among

other comprehensive approaches.

In the current report, we present the case of a 63-year-old

man who showed fever as the main clinical manifestation and

had a postoperative pathological diagnosis of HSC and

gastrointestinal stromal tumors (GST). We performed left

hepatic lobectomy combined with partial gastrectomy on the

patient, and the patient recovered favorably after the operation.

However, 3 months later, the patient presented with gastric

recurrence and received surgical intervention for the second

time. In this paper, we share the clinical characteristics of and

the diagnosis and treatment process for this patient with the

aim to assist colleagues in their associated work.
Case presentation

Clinical history and laboratory findings

At the time of hospital admission, the patient was a 63-year-

old male and showed fever as the main clinical manifestation.

His body temperature fluctuated in the range of 37.5°C–38°C.

The patient did not have jaundice, the abdomen was flat and

soft, and showed no tenderness or rebound pain. The liver

and spleen were not palpable under the ribs, and no mobile

dullness was identified. The patient did not have a history of

chronic diseases such as hypertension and diabetes, a history

of infectious diseases including hepatitis B and tuberculosis,

or a family history of tumors.

Blood routine tests showed increased levels of white blood

cells (11.14 × 109/L). The blood biochemical examination

revealed that alanine aminotransferase (37 U/L) and aspartate

transferase (18 U/L) were within the normal range. We noted

a decrease in the total protein content (62.8 g/L) and the
02
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white ball ratio (1.0); however, the C-reactive protein

(215.70 mg/L) levels had increased abnormally. Immune

screening detected no hepatitis B virus (HBV) or hepatitis C

virus (HCV) infection. Through the tumor marker screening,

we determined that carcinoembryonic antigen (CEA) (1.24 ng/

ml), alpha-fetoprotein (AFP) (4.47 ng/ml), prostate-specific

antigen (2.98 ng/ml), carbohydrate antigen 19–9 (CA19–9)

(6.32 IU/ml), and carbohydrate antigen 15–3 (CA15–3)

(18.10 IU/ml) were within the normal range.
Imaging examinations

The patient underwent a physical examination at the local

hospital. Ultrasound examination of the liver, gallbladder,

pancreas, and spleen showed the presence of space-occupying

lesions in the left lobe of the liver. Computed tomography

(CT) of the upper abdomen indicated a liver abscess and

multiple lymphadenopathies in the abdominal cavity.

However, a subsequent (1 week later) ultrasound-guided

percutaneous liver biopsy revealed a malignant tumor in the

left lobe of the liver.

To receive further treatment for liver tumors, the patient was

admitted to the Department of Hepatobiliary Surgery at our

hospital. The Color Doppler ultrasound (hepatobiliary,

pancreatic, spleen, and portal vein) showed that the left outer

lobe of the liver had a mixed echo of 103 × 112 × 110 cm. The

tumor was mainly hypoechoic with an irregular shape and

clear boundaries. The internal echo was uneven, the color

revealed the presence of dots of blood flow signals in and

around the tumor, and no abnormality in the portal vein was

noted. Irregular masses of long T1 (Figure 1A) and long T2

(Figure 1B) abnormal signals in the space between the liver

and the stomach were detected through magnetic resonance

imaging (MRI) of the tumor (plain scan + enhanced +

functional imaging). In the images, the tumor size was

approximately 9.5 × 8.3 cm, the circular short T1 and long T2

signals can be clearly visualized, and the tumor has a well-

defined boundary. However, the lesion and the left lobe of the

liver appear to be unclearly decomposed. Diffusion-weighted

imaging (DWI) (Figure 1C) shows a strong signal, and the

enhancement (Figures 1D–F) indicates progressive

heterogeneous enhancement. Irregular thickening of the

stomach wall was noted on the side of the corresponding lesser

curvature of the fundus. The gallbladder was not enlarged, and

its wall did not appear to be thickened. No dilation was
frontiersin.org

https://doi.org/10.3389/fsurg.2022.1031284
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 1

MRI manifestations of hepatic sarcomatoid carcinoma. The magnetic resonance imaging (plain scan + enhanced + functional imaging) shows
abnormal signals of irregular mass in the liver, with a size of approximately 9.5 × 8.3 cm. The T1WI (A) shows a weak signal; however, the T2WI
(B) and the DWI (C) show strong signals. The arterial phase (D) indicates slightly uneven enhancement at the edge of the lesion, with continuous
uneven enhancement in the portal phase (E) and delayed phase (F).
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observed in the intrahepatic and extrahepatic bile ducts and we

noted no obvious filling defect in the main portal vein and its

branches. We did not identify any abnormalities in the

pancreas and spleen morphology or any obvious signal

indicating irregularity. In the imaging range, multiple small

lymph nodes could be identified in the retroperitoneum. Chest

x-ray and CT images showed no abnormalities in the lungs,

the heart, or the diaphragm. We used an electronic gastroscope

and determined the presence of a submucosal bulge with a

diameter of approximately 0.8 cm in the fornix and the greater
Frontiers in Surgery 03
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curvature of the stomach. The surface of the protuberance was

smooth, tough to touch with the biopsy forceps, and appeared

to be inactive. This observation suggested that there were

multiple SMTs within the protuberance. In the lesser curvature

of the stomach near the corner, we noted that there was a

sheet-like shallow erosion with smooth mucosa flushing in

color; however, no ulcer or bleeding was observed. Pathologic

examination of the biopsy revealed chronic superficial gastritis

of the mucosa, which was severe, active, and locally

accompanied by ulcers and Helicobacter pylori (HP) infection.
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Intraoperative situation

The patient was febrile and showed no characteristic clinical

presentation. Results of laboratory tests, including tumor

markers, were unremarkable. A combination of imaging

findings and liver puncture results of the patient in the local

hospital assisted us in determining that the patient had a

malignant tumor in the left lobe of the liver, accompanied by

greater curvature GST, without obvious metastatic lesions.

Owing to the fact that only a small amount of pathological

tissue was acquired through the liver puncture, the nature of

the tumor required further elucidation via postoperative

pathologic analysis. HCC, ICC, HSC, and other properties are

not excluded. We performed left hepatic lobectomy combined

with partial gastrectomy (wedge resection) with the patient’s

and his family’s consent. We intraoperatively identified a mass

of ∼10 cm in diameter in the left lobe of the liver, with off-

white color and hard texture. The tumor had appeared to

have broken through the liver capsule, the visceral surface

densely adhered to the lesser curvature of the stomach, and

enlarged lymph nodes were palpable in the suspensory

ligament of the hepatoduodenum. Intraoperative biopsies were

performed and all three enlarged lymph nodes tested negative

upon pathologic examination. Two superficial tumors were

observed on the greater curvature of the stomach wall. The

right liver was normal in size and soft to the touch. The size

of the gallbladder was approximately 7 × 4 × 3 cm. No tumor

metastatic nodules were detected in the omentum, diaphragm,

jejunum, or pelvis. Intraoperative examination revealed that

the liver tumor had invaded the left gastric artery, which was

removed from the root. The operation was relatively

successful, lasted for approximately 6 h, and the bleeding

volume was approximately 200 ml.
Pathology

The postoperative specimens were subjected to pathological

examination and immunohistochemistry (IHC). The liver

tumor tissue specimen was diagnosed as a high-grade

pleomorphic malignant tumor of the left lateral lobe of the

liver with necrosis. The immunological markers were as

follows: CK (+) (Figure 2B), Vim (−), CD117 (−), Dog-1

(−), CD34 (−), SMA (−), Ki-67 (+, ∼60%), GPC-3 (−), and
Hepar-1 (−). Additionally, the tissue specimen was sent to

another hospital for consultation, and the IHC results showed

AE1/AE3 (+) (Figure 2C), P16 (−), CDK4 (+), MDM2 (−),
Desmin (−), Myogenin (−), and MyoD1 (−). Molecular

detection: MDM2 gene status (−), no amplification.

According to the outcomes of IHC analysis, a sarcomatoid

carcinoma (SC) with a length of 10 cm, and a negative cut-off

edge of the liver section was considered. The gastric tissue
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specimen was diagnosed as representing spindle cell

proliferative disease, combined with immunological markers

in line with low-risk GST, featuring 2 pieces with a length of

1.0–1.5 cm. The relevant immunohistochemical markers were

as follows: Vim (+), CD117 (+) (Figure 2E), CD34 (+), Dog-1

(+) (Figure 2F), Ki-67 (+, ∼5%), SMA (−), S-100 (−).
Outcome and follow-up

The patient recovered favorably and was discharged from

our hospital on postoperative day 8. No adjuvant therapy was

administered or prescribed. The patient was followed up in

the outpatient clinic 1 month after discharge, and he

presented no obvious symptoms or discomfort. The blood

routine test and biochemical profile showed no abnormalities,

and AFP (10.5 ng/ml) had no significant increase compared

with the first measurement (4.47 ng/ml). The hepatobiliary,

pancreatic and splenic ultrasound showed no obvious space-

occupying lesions.

However, 3 months later, the patient presented with

persistent pain in the upper left abdomen, which worsened

paroxysmally. Imaging examinations revealed the presence of

an irregular and substantial mass in the area between the

greater curvature of the stomach and the omental sac

(Figure 3A), and the enhanced CT scan showed uneven

enhancement. The patient underwent gastric tumor resection

with partial resection of the transverse colon. The tumor was

53 × 78 × 100 mm in size, gray in color, and showed internal

necrosis (Figures 3B,C). Results of postoperative pathology

and IHC tests confirmed that the tumor in the stomach had

metastasized from the HSC. The patient recovered well after

the operation. Four months after the second operation, the

patient died from multiple metastases to other sites.
Discussion and conclusion

Cases of SC are extremely rare in clinical practice. SC may

occur in multiple organs throughout the body and even occur

concurrently. The lung and the bladder are the most common

sites of occurrence (4, 5), whereas cases presenting with SCs in

the liver are rare. HSC is a rare malignant tumor that typically

occurs in the right lobe but rarely in the left lobe of the liver.

HSC accounts for 1.8% of all surgically resected HCCs and

3.9%–9.4% of autopsy cases (1, 5). The age of onset of HSC

patients is approximately 60 years, and the disease is more

common in men, with its incidence 3–4 times that of women

(6, 7). Herein, we have reported the case of a 63-year-old male

patient, which is consistent with the characteristics of previous

reports. HSC etiologies and pathogeneses require further

elucidation; however, two main schools of thought exist in the

medical field. One states that HSC is the sarcomatoid
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FIGURE 2

Pathology and immunohistochemistry of hepatic sarcomatoid carcinoma and gastrointestinal stromal tumors. Hematoxylin and eosin (H & E) staining
of hepatic sarcomatoid carcinoma (A); the results of immunohistochemical staining of hepatic sarcomatoid carcinoma show CK positive ×200 (B)
and AE1/AE3(+) positive ×200 (C); H&E staining of gastrointestinal stromal tumor (D); the results of immunohistochemical staining of the
gastrointestinal stromal tumor shows CD117 positive ×200 (E) and DOG-1 positive ×200 (F).
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transformation of HCC, whereas the other states that it is a

combination of liver cancer and sarcoma. However, among the

two, the former is more widely accepted by scholars (8).

Previous studies have reported that sarcoma transformation may

be related to certain preoperative anti-liver cancer treatments,

including transcatheter hepatic artery chemoembolization

(TACE), radiofrequency ablation (RFA), and percutaneous

ethanol injection therapy (9–11). Conversely, in our case, the

patient had no history of treatment. Under normal

circumstances, the volume of HSC is larger than that of HCC,

which helps to distinguish between the two. In a study of 28

HSCs, the average HSC size was 6.1 ± 2.8 cm, and 18 cases

(64.3%) had tumors larger than 5 cm (12). Another study
Frontiers in Surgery 05
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involving 17 cases of HSC pointed out that its long diameter

was 6.12 ± 3.18 cm, whereas the HCC’s long diameter was

4.21 ± 2.38 cm (13). In our case, the HSC had a long diameter

of approximately 10 cm, which was consistent with the previous

reports. For larger HSCs, the probability of false capsules and

bleeding may increase. In the study including 28 patients, 9

(32.1%) had pseudocapsule formation, most of which were

incomplete (12). HSC is highly aggressive and is associated with

a particularly poor prognosis. In the abovementioned study, the

researchers noted that up to 47.1% of HSC patients had

intrahepatic metastasis, which was considerably greater than the

12% of HCC patients; however, this value was not significantly

different from that of ICC (13). A total of 93% of HSC patients
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FIGURE 3

Related imaging data and clinical specimens of gastric recurrence of hepatic sarcomatoid carcinoma. A regular CT scan of the abdomen showed the
presence of an irregularly shaped and uneven-density occupancy in the area between the greater curvature of the stomach and the omental sac (A),
the size was approximately 53 × 78 × 100 mm; the specimen is off-white (B) and shows internal necrosis (C).
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reportedly presented with extrahepatic metastases during

treatment, with the most common metastatic organs being the

lung, peritoneum, pleura, pancreas, adrenal gland, intestine, and

spleen. A study with 28 patients reported that the number of

patients with local invasion, vascular invasion, bile duct

invasion, and lymph node metastasis was 6 (21.4%), 8 (28.6%),

3 (10.7%), and 7 (25%), respectively (12). Similar characteristics

were observed in other study (14). In the present case, no other

organ metastases were observed at the first visit; however, the

tumor invaded the left gastric artery and gastric recurrence

appeared 3 months after surgical intervention. A study involving

univariate analysis (12) highlighted that the TNM stage,

pseudocapsule formation, local invasion, vascular invasion,

Child–Pugh classification, and radical resection are the

prognostic factors of OS in HSC patients. A study involving 79

cases of HSC reported that the 1-year and 3-year overall survival

rates were 63.3% and 35.4%, respectively (15). In addition to

these poor survival rates, HSC is prone to recurrence. Notably,

during the follow-up period, 25 of 28 (89.3%) patients who

underwent radical surgical resection showed tumor recurrence,

and the cumulative recurrence rate at 6, 12, and 24 months was

53.6%, 78.6%, and 85.7%, respectively (12).
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Symptomatic HSC cases account for 68%–75% of cases.

Abdominal pain is the most common symptom (7, 8, 12),

followed by fatigue, fever, and jaundice. The typical systemic

symptoms caused by liver decompensation are jaundice, fever,

abdominal distension, and weight loss. In addition, patients with

HSC may present with gastrointestinal symptoms, including

persistent pain in the upper right quadrant, nausea, vomiting,

weight loss, and palpable mass in the xiphoid (16). Our patient

had fever as the main clinical presentation, which is common in

other diseases. In addition, a small percentage of patients are

asymptomatic (17.6%). To a certain degree, this observation is

the opposite of liver cancer, which tends to exhibit no symptoms

for most patients (70.0%) (13). Furthermore, 14 of 19 HSCs

(73.7%) reportedly had a history of liver cirrhosis. A number of

studies have also pointed out the potential relationship between

chronic liver disease and HSC (17–19). However, in our case,

liver function indicators (ALT and AST, among others) and

tumor indicators (AFP and CEA, among others) were in the

normal range. This is different from the features of liver cancer

that we have observed previously, and it caught our attention.

On an enhanced MRI image, HSC is typically manifested as

peripheral enhancement, central necrosis, and different
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enhancements with and without a tumor envelope in the solid

part (20). The varied tissue composition of HSC determines its

mode of enhancement; therefore, this indicates that the

imaging results of HSC are complex and diverse. In one

example, more than half of HSC cases showed progressive

enhancement in the Gd-DTPA-enhanced MRI scan, and

approximately one-third of cases showed continuous high

enhancement (20). Another study involving 10 cases of HSC

reported that the enhancement mode of MRI was mainly

“progressive” (21). The continuous enhancement mode of HSC

is one of the crucial points to successfully identify the presence

of HCC. This is attributable to the fact that the latter is

primarily manifested as the “fast in and out” of the contrast

agent. In our case, the T1WI showed a strong signal, the

enhancement showed progressive unevenness and the lack of a

“target sign.” Although this is similar to previous reports,

further differentiation from ICC should be noted. In addition,

intrahepatic metastasis (17, 18), lymphadenopathy (13), and

adjacent biliary tract dilation (19, 22) may assist in

distinguishing between HSC from HCC as these characteristics

are predominantly observed in HSC.

An accurate HSC diagnosis relies on a large number of

pathological signs and IHC observations. HSC is composed of

spindle cells and epithelial components that are identifiable in

ultrastructure, IHC, and morphology (23). The IHC staining

results of HSC were positive for the sarcoma-like component

marker Vimentin (Vim), the epithelial component markers

keratin (CK) and epithelial membrane antigen (EMA) (24, 25)

as well as the anion exchanger (AE) 1/AE3, 34βE12, CAM

5.2, c-Kit, S-100 protein, HHF-35, kinesin-like protein-1,

CD34, and HAM-56, which is helpful for the diagnosis of

HSC (26). In the present case, the epithelial component

markers keratin (CK) was negative; however, AE1/AE3 was

positive. This is worth our attention. In cases when the

microscopic features tend to indicate SC, but the IHC

indicators appear to be inconsistent, adding other IHC

indicators should be prioritized.

Reportedly, surgical resection has been an effective method

for the treatment of HSC. Radical surgery can significantly

prolong the overall survival of patients with HSC, and the

associated survival period is significantly higher than that of

palliative resection (12, 14). In the present case, we performed

radical resection of the tumor. Unfortunately, the possibility

of invasion of the gastric tissue by the tumor was overlooked,

this was despite the fact that endoscopic biopsy suggested a

negative result. This may have been the main etiology

responsible for the subsequent gastric recurrence in the

patient. For unresectable tumors, systemic chemotherapy and

local radiotherapy can be selected (27). For multiple

metastases, combined treatments, such as radiotherapy,

chemotherapy, and hyperthermia, can alleviate symptoms, but

they cannot change the overall survival (OS) (16). Owing to

the poor differentiation of carcinogenesis and the
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aggressiveness of HSC, recurrence may be likely even in the

early stages of the disease. Vascular invasion and local

invasion are independent risk factors for short disease-free

survival (DFS) (12). In this case, invasion of the left gastric

artery and infiltration of the gastric wall may be important

reasons for the recurrence and short survival period of our

patient. Although previous studies found that HSC is mainly

manifested as vascular clumps, adjuvant TACE is considered a

risk factor related to poor prognosis (12). However, among

patients with intrahepatic recurrence after hepatectomy, the

median survival time of those who received TACE treatment

was 14.6 months, which was significantly longer than the 8.1-

month survival time of patients who received supportive

treatment alone (12). These findings provide evidence that

TACE may be beneficial for localized intrahepatic recurrence

and may improve the survival rate of these patients.

HSC is highly malignant; thus, timely detection, accurate

diagnosis, and personalized treatment are of paramount

importance to positively impact disease prognosis. In cases

presenting with SCs in the left lobe of the liver, clinicians

should be vigilant regarding the possibility of gastric

infiltration; this is a plausible outcome if the carcinoma

breaks through the liver capsule. If available,

gastric endoscopic ultrasonography should be used to

evaluate the involvement of the gastric wall. In this report,

we have shared our patient’s clinical characteristics and

the corresponding diagnosis and treatment process to

provide a reliable reference for healthcare professionals in

this field.
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Case report and literature
review: Primary leiomyosarcoma
of the penis
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Background: Leiomyosarcoma (LMS) is a malignant spindle-cell mesenchymal
tumor originating from the smooth muscle cells, which mostly affects soft
tissues and abdominopelvic organs over extremities. Primary LMS of the
penis is a relatively uncommon mesenchymal tissue disease and a poorly
understood condition.
Case Report: A 69-year-old man presented with a growing, painless mass
protruding from the penis. The irregularly lobulated lump was roughly
3 cm× 2.5 cm, with a smooth surface, tough texture, distinct boundary, and
no tenderness. It was determined to be a penile tumor during the
preoperative radiological evaluation. The patient underwent resection of
the penile mass, followed by extended resection in the second operation.
The diagnosis of LMS was verified by pathological examination. During a
20-month follow-up, the patient made a smooth recovery and remained
disease-free.
Conclusion: An immunohistochemical examination is essential for rendering
this rare diagnosis. Radical excision of tumor lesions with negative cut
margins is guaranteed to be the best treatment for primary penile LMS.
Close follow-up should be provided due to the high rate of local recurrence.

KEYWORDS

penis, leiomyosarcoma (LMS), case report, malignant mesenchymal tumors, urogenital

neoplasms

Introduction

Malignant tumors of the penis are relatively rare, with an incidence of about 1 per

100,000 in developed countries such as North America and Europe; however, the

incidence in less economically developed regions such as Asia, Africa, and South

America is slightly higher than that in the aforementioned developed regions. The

majority of penile malignant tumors (95%) are squamous cell carcinoma, while

adenocarcinoma, malignant melanoma, and sarcoma are sporadic (1). Malignant

mesenchymal tissue tumors (including Kaposi’s sarcoma, smooth muscle sarcoma,

rhabdomyosarcoma, and malignant fibrous histiocytoma) account for less than 5%,

among which primary leiomyosarcoma (LMS) of the penis is incredibly uncommon,

mostly affecting middle-aged and older males (2). In 1969, Pratt and Ross (3) first

classified LMS of the penis into deep and superficial types according to the tumor
01 frontiersin.org
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site. Since deep LMS has early metastasis and poor prognosis,

early diagnosis and correct identification of the type are crucial.

A 69-year-old patient with primary penile LMS was

admitted to our hospital in March 2021. This article, which is

based on the CARE Guideline (4) and includes a reporting

checklist in the supplementary material, analyzes the case

data of this patient and reviews the pertinent literature to

discuss the clinical manifestations, diagnosis, and treatment of

primary penile LMS in order to better understand and

diagnose it.
Case presentation

A 69-year-old male patient was admitted to the hospital

with a 3-year painless mass in the penis as his main

complaint. Three years ago, the patient had a soy bean-sized,

painless mass in the middle shaft of the penis with no

obvious cause. No ulceration or effusion, urinary frequency,

urgency, or urinary pain was present nor was there a fever or

any other discomfort. The lump rapidly enlarged to a

diameter of 3 cm 6 months ago, without any swelling, heat,

pain, or any other discomfort. The patient had a history of

hypertension and type 2 diabetes mellitus, both of which

responded effectively to oral treatment.

Physical examination revealed an irregular lobulated mass

measuring about 3 cm × 2.5 cm in the middle shaft part of the

penis on the ventral side, with a smooth surface, tough

texture, clear border, a moderate range of motion, and no

tenderness. There was no visible skin ulceration on the

surface, no redness or swelling of urethral orifice, and no

aberrant secretion. The epididymis and bilateral testis were

both normal, and there were no swollen lymph nodes in the

inguinal region. The skin color of the scrotum was also normal.
FIGURE 1

Preoperative pelvic MRI (male genital system) showed nodular mixed signal s
27 mm× 22 mm, and a high signal on DWI. (A) Transverse section, T2-weig
sagittal section, T2-weighted imaging.
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Auxiliary examination revealed that the usual tests for

blood, urine, stool, liver and kidney function, electrolytes,

myocardial enzymes, coagulation function, and prostate-

specific antigen were all normal. Preoperative pelvic magnetic

resonance imaging (MRI) (male genital system) showed a

nodular mixed signal shadow in the distal penis, with a size

of about 31 mm × 27 mm× 22 mm, and a high signal on

diffusion-weighted imaging (DWI). No noticeable large lymph

nodes were seen in the pelvis (Figure 1). Preoperative

ultrasonography showed that no enlarged lymph nodes were

detected in the bilateral inguinal region.

Under intralesional anesthetic, the patient had the penile

lump removed. The mass was in the lower fascia layer (Eberth

fascia), totally excised, and there was no visible adhesion

between it and the surrounding tissues.

Gross examination revealed a grey-yellow necrotic tumor,

measuring 3 cm × 3 cm × 2.5 cm. Microscopic examination

showed severe atypia and high mitoses. Immunohistochemical

results showed that S-100 (−), CD34 (−), Ki-67 (about 70% +),

P53 (consistent with wild type), smooth muscle actin (SMA)

(+), Desmin (+), and Caldesmon (+). Results from

immunohistochemistry and morphology were consistent with

LMS (Figure 2).

Three weeks later, the patient was readmitted and an extended

resection was performed under endotracheal anesthesia based on

sufficient dialog with the patient and his families. The skin was

excised from the surgical site within 3 cm, and subcutaneous

tissue was dissected all the way to Buck’s fascia. Postoperative

pathology suggested no residual tumor cells.

There was no local discomfort after surgery and slight

scarring at the wound; postoperative erectile function was

basically the same as before. No local tumor recurrence,

inguinal lymph node enlargement, and metastasis were

noticed over the 20-month follow-up.
hadow in the distal penis (arrow head), with a size of about 31 mm×
hted imaging. (B) Coronal section, T2-weighted imaging. (C) Median
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FIGURE 2

Pathological examination showing that the mass was composed of atypical spindle-shaped cells tumor with focal necrosis. (A) Hematoxylin and eosin
(HE) staining with high mitoses and atypical mitoses (×40). (B) Immunohistochemistry staining of SMA (×40). (C) Immunohistochemistry staining of
Caldesmon (×40). (D) Immunohistochemistry staining of Ki-67 (×40).
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Discussion

LMS is one of the most common subtypes of malignant

mesenchymal tissue tumors, accounting for approximately

10%–20% of soft tissue sarcomas, which often affects the

abdomen, retroperitoneum, large vessel wall, and uterus (5),

and rarely involves the penis. Primary sarcomas of the penis

also include Kaposi’s sarcoma, epithelioid hemangioendo-

thelioma, hemangiosarcoma, and rhabdomyosarcoma. Since

Levi’s initial report in 1930, 61 cases of primary LMS of the

penis have been reported in English (Table 1), ranging in age

from 6 to 84 years, with cases most frequently occurring in

people in their forties and fifties (6–9). Penile LMS often

originates from the following structures: (1) the dermal layer

of the erector spinae; (2) the superficial fascial muscular layer

of the penis; (3) the muscular layer of the superficial vessels

outside the tunica albuginea; and (4) the muscular layer of the

deep vascular complex that make up the corpus cavernosum

and corpus spongiosum. With the tunica albuginea acting as

the boundary, it can be divided into deep LMS and superficial

LMS. Superficial LMS mostly appears on the surface of the
Frontiers in Surgery 03
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distal penis or glans and is characterized by painless nodules,

sluggish development, and a few deep infiltrations. Deep LMS,

however, can involve the smooth muscle of the corpus

cavernosum and invade the urethra and other surrounding

structures (10).

LMS of the penis can present with a variety of clinical

manifestations, such as painless nodules or masses, localized

pain and swelling, superficial skin ulceration, hematuria,

urethral obstruction, and enlargement of inguinal lymph

node. In comparison to superficial LMS, deep LMS located

below the deep fascia of the penis are more likely to manifest

with hematuria and urethral obstruction (10). The most

frequent location of tumor was the shaft, followed by the

prepuce, whereas the coronal sulcus, the frenulum, and

circumcision scars were additional uncommon locations (2).

Due to the rarity of penile LMS and the lack of distinct

clinical symptoms, tumor excision and biopsy are typically

required for diagnosis. A careful inspection of the lesion and

palpation of the inguinal lymph nodes are required if a clinical

suspicion of soft tissue sarcoma is strong. It is preferable to use

MRI to demonstrate the depth of tumor invasion and evaluate
frontiersin.org
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TABLE 1 Reported cases of leiomyosarcoma of the penis.

Case Author Age
(years)

Tumor size
(cm)

Anatomic
location

Treatment Course and follow-up

1 Levi (1930) (11) 38 NA (small
nodule)

Superficial on
dorsum of distal

shaft

Small nodule since childhood.
Local excision at 36

No follow-up

2 Kreibig (1931) (12) 46 NA (small
nodule)

Superficial on
dorsum of distal

shaft

At ages 12 and 39, small
nodule removed from

prepuce; histology unknown.
At 46, radical amputation

after failed radiation

No follow-up

3 Meller (1932) (13) 64 NA Superficial,
proximal to

coronal sulcus

Radiotherapy and eventual
amputation

No follow-up

4 Ashley and Edwards (1957)
(14)

49 NA (>2) Superficial,
proximal to

coronal sulcus

Local excision followed by
recurrence after 18 years

Well 18 months after second
operation

5 Fagundes et al. (1962) (15) 52 NA Deep, adherent to
urethra at root of

penis

Local excision with three
recurrences over 5 years.
Radiotherapy and eventual

amputation

Well 10 months after
amputation

6 Izdebski and Wiercinski
(1962) (16)

31 NA Deep, adherent to
corpus

cavernosum

Refused treatment Dead 3 years later with
widespread metastases

7 Pack et al. (1963) (17) 83 4 Deep, root of
penis

Radiotherapy and eventual
amputation

Dead 2 years later with lung
metastases

8 Chaudhuri and
Balasubrahmanyan (1966)

(18)

40 6 Superficial on left
side of prepuce

Radical amputation Alive, well 3 years later

9 Bakken et al. (1968) (19) 60 19 Deep, bulbous
portion of corpus

spongiosum

Radical amputation Dead 6 months later with
widespread metastases

10 Hutcheson et al. (1969) (20) 63 NA (>4.5) Superficial, dorsal
aspect of midshaft

of penis

Local excision with
recurrences at 3 and 8 years.
Radiotherapy and eventual

amputation

No recurrence after radical
excision

11 Pratt and Ross (1969) (3) 38 3 Deep, root of
penis

Radical amputation Alive, well 2 years after
operation

12 Dehner and Smith (1970)
(1)

67 NA Superficial on
dorsal shaft of
distal penis

Local excision No follow-up

13 Dehner and Smith (1970)
(1)

45 3 Superficial on
dorsum of shaft

Local excision Well 1 year later

14 Greenwood et al. (1972)
(21)

64 NA Superficial near
frenulum

Radiotherapy. Eventual
partial amputation 2 years

later

Alive, well 1 year after
operation

15 Glucker et al. (1972) (22) 6 NA Superficial,
dorsum of glans

Local excision Alive, free from recurrence at
1 year

16 Nkposong and Osunkoya
(1972) (23)

52 NA Deep in right
corpus

cavernosum

Local excision Dead 3 months after operation

17 Gupta et al. (1973) (24) 60 10.5 Deep in distal part
of shaft and glans

Radical amputation Dead 5 months later with
widespread metastases

18 Prabhakar et al. (1975) (25) 54 Penectomy

(continued)
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TABLE 1 Continued

Case Author Age
(years)

Tumor size
(cm)

Anatomic
location

Treatment Course and follow-up

Deep, anterior
portion of shaft

Dead 1 month after operation
with lung metastases

19 Hamal (1975) (26) 84 NA Glans penis at the
coronal sulcus

Partial amputation Alive, free from recurrence for
6 months

20 Blath and Manley (1975)
(27)

44 5
(multinodular)

Prepuce Wide circumcision Well 1 year later and free from
recurrence

21 Armijo et al. (1978) (28) 70 NA Glans and
prepuce

Local excision, followed by
another local excision

No recurrence after 8 months

22 Elem and Nieslanik (1979)
(29)

60 NA Deep, corpus
spongiosum

Partial amputation Dead 1 month after operation
with lung metastases

23 Weinberger et al. (1982)
(30)

47 1 Superficial,
proximal to

coronal sulcus

Local excision Well 9 months after surgery

24 Jain et al. (1982) (31) 55 5 Superficial
involving the
glans of penis

Total amputation Well 18 months after surgery

25 McDonald et al. (1983) (32) 62 8 Deep in right
corpus

cavernosum

Chemotherapy followed by
emasculation and
radiotherapy

Dead 7 months after initial
diagnosis

26 Isa et al. (1984) (33) 39 NA (small
nodule)

Superficial on
dorsal shaft of

penis

Local excision, then partial
penectomy.

Right groin dissection with
radiotherapy 18 years later

Alive, well 1 year following
groin dissection

27 Smart (1984) (34) 61 NA Deep, root of
penis

Radical penectomy and
radiotherapy

Well at 6 months

28 Valadez and Waters (1986)
(35)/Kathuria et al. (1986)
(36)/Fetsch et al (2004) (37)

45 2 Superficial on
prepuce

Circumcision Well at 18 months

29 Koizumi, et al. (1987) (38) 53 NA Glans Partial penectomy Well at 12 months

30 Pow-Sang and Orihuela
(1994) (39)

44 NA Superficial on
prepuce

Wide circumcision Well at 28 months

31 Dobos et al. (2001) (40) 38 2.5, 0.4, and 0.3 Glans and shaft Radical amputation Alive with widespread
metastases, 6 months after

surgery

32 Katsikas et al. (2002) (8) 78 8, 8, and 14 Penile root,
midshaft

Radical penectomy No recurrence after 2 years

33 Dominici et al. (2004) (10) 53 2 × 1 Superficial on
prepuce

Circumcision. Partial
penectomy at 4 year

recurrence

Well 12 months after second
operation

34 Fetsch et al. (2004) (37) 43 2 Circumcision scar Local excision NA

35 Fetsch et al. (2004) (37) 45 2.4 Dorsolateral
midshaft

Local excision NA

36 Fetsch et al. (2004) (37) 49 1.5 Circumcision scar
and distal shaft

Local excision Recurrence after 1 year→ local
excision→ recurrence after

3 years→ partial
amputation→ no recurrence

after 5 years 8 months

37 Fetsch et al. (2004) (37) 53 0.5 Base of shaft at
junction with
abdominal wall

Local excision No recurrence after 5 years
2 months
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TABLE 1 Continued

Case Author Age
(years)

Tumor size
(cm)

Anatomic
location

Treatment Course and follow-up

38 Fetsch et al. (2004) (37) 53 0.9 Lateral shaft, near
base

Local excision No recurrence after 11 years

39 Fetsch et al. (2004) (37) 59 1.2 Prepuce and distal
shaft

Local excision NA

40 Fetsch et al. (2004) (37) 61 2 Shaft Local excision No recurrence after 13 years
11 months

41 Fetsch et al. (2004) (37) 62 0.7 Circumcision scar Local excision No recurrence after 16 years
1 month

42 Fetsch et al. (2004) (37) 43 Multiple pieces
to 2

Periurethral
(shaft)

Local excision No recurrence after 18 years
7 months

43 Fetsch et al. (2004) (37) 47 1.5 Shaft Local excision, local excision,
wide local excision

Recurrence after 2 years
4 months→ local excision→
recurrence after 3 months→
wide local excision→ no
recurrence after 10 years

4 months

44 Fetsch et al. (2004) (37) 48 1.5 Penis, NOS Local excision NA

45 Fetsch et al. (2004) (37) 58 6 Penile root Local excision NA

46 Fetsch et al. (2004) (37) NA NA Shaft Local excision 5 and lymph
node dissection

Local recurrence 4, followed 10
months later by a metastasis to
left arm, then lost to follow-up

47 Mendis et al. (2005) (41) 51 NA Glans Local excision No recurrence after 5 months

48 Nanri et al. (2006) (42) 27 10 × 7 Deep in penile
root

Total penectomy and
chemotherapy

died from disseminated disease
14 months after surgery

49 Cibull et al. (2008) (6) 68 1.5 Glans Partial penectomy No recurrence after 13 months

50 Sundersingh et al. (2009)
(43)

56 3.5 × 3 × 3 Deep, glans and
distal shaft

Total penectomy No recurrence after 6 months

51 Lacarrière et al. (2011) (44) 64 NA (bilateral
masses)

Deep, penile root Local excision, total
penectomy, and
chemotherapy

Lung metastases after 2 months
operation

52 Brisciani et al. (2012) (45) 63 1.3 nodule Distal shaft Local excision No recurrence after 3 months

53 Cigna et al. (2013) (2) 62 2.2 × 1.5 Dorsum of glans Local excision No recurrence after 1 year

54 D’Cruze et al. (2014) (46) 59 4 Glans Partial penectomy No recurrence after 11 months

55 Romero Gonzalez et al.
(2015) (47)

39 1 Distal shaft Local excision No recurrence after 3 years
6 months

56 Khobragade et al. (2015) (9) 26 4.7 × 3.7 × 5.4 Penile root Local excision No recurrence after 2 years

57 Khobragade et al. (2015) (9) 38 3 × 4
(multinodular)

Glans, proximal
shaft

Total penectomy No recurrence after 9 months

58 Rabinovich (2018) (48) 39 2 Superficial,
prepuce

Wide circumcision No recurrence after 9 months

59 Ajmal et al. (2022) (49) 70 3 × 2.2 × 1.5 Prepuce circumcision NA

60 da Costa Junior et al. (2022)
(50)

54 2.0 × 1.0 Glans Local excision (the surgical
margin had neoplasm)

No recurrence after 5 months

61 Goyal et al. (2022) (51) 70 6.5 × 5.5 Glans, distal shaft Partial penectomy NA

62 Current report (2022) 69 3 × 2.5 Superficial, shaft Local excision No recurrence after 17 months

NA, not available; NOS, not otherwise specified.
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both inguinal and pelvic lymph nodes. Deep LMS is prone to

blood metastases, with the lung and liver being the most

common sites of metastasis; therefore, a simultaneous CT scan

of the chest and abdomen is recommended for high-risk tumors.

The pathologic diagnosis often includes a pretreatment

biopsy and further pathologic evaluation after the tumor has

been surgically removed to differentiate it from other

sarcomas (52). It is important to note that fine needle

aspiration frequently yields inadequate tissue to make a

diagnosis. LMS consists of cells with a smooth muscle

spectrum; both superficial and deep LMS have the same

characteristic histologic features: spindle-shaped cells, with

eosinophilic cytoplasm, long rod-shaped and darkly stained

nuclei (53). The mitotic rate and other mitotic variables could

predict the tendency of tumor invasion to adjacent structures

or metastasis (8). In immunohistochemistry, SMA, Desmin,

and Caldesmon are typically positive, but none of these

markers are specific for smooth muscle differentiation (53).

Cytokeratin and S100 were negative and could be

differentiated from epithelial tissue (39). Negative CD34 could

be identified from Kaposi’s sarcoma (46). Immunopositive

results for P16 and P53 with high Ki-67 proliferation index

are highly sensitive and specific for the distinction of LMS

and leiomyoma (52).

The principle of treatment for primary penile LMS is

currently considered to be radical resection of the tumor lesion

(R0 surgery) with maximum local organs preservation.

Whether local lesion excision, partial penectomy, or total

penectomy is performed depends on tumor type, size, and

presence of metastasis. Tumor size is one of the best predictors

of outcome for primary LMS of penis, when stratified as

follows: ≤2 vs. >2 cm and ≤5 vs. >5 cm (37). First, local lesion

and extensive resection is the best choice for superficial LMS

and ≤2 cm in diameter, and the prognosis is better because

distant metastasis of superficial LMS is rare. Due to the risk of

recurrence, it is important to ensure a safe margin. The most

critical factor for recurrence-free survival is the microscope-

negative tumor margin. The majority of studies recommend a

margin of at least 1 cm, while some have found that a margin

of 2–5 cm is associated with a decreased rate of recurrence

after resection (54). For subcutaneous LMS of the skin, it is

recommended and desirable for complete excision of the

subcutaneous tissue with at least 2–3 cm of the skin margin

and subcutaneous tissue (55). A second surgery was performed

in our patient that included a deep subcutaneous tissue

excision that reached the penile fascia (Buck’s fascia) and an

expanded excision of the skin that was removed within 3 cm of

the surgical site margin. However, partial penile resection or

radical excision is typically the mainstay of treatment for

profound LMS (9). When distant metastasis has occurred, the

aim of treatment includes symptom relief, tumor volume

reduction, and prolonging survival. Because of rare local lymph

node metastasis in LMS and the distant metastasis is often
Frontiers in Surgery 07
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present when the peripheral lymph nodes are involved, regional

lymph node dissection is not advised in the absence of clearly

clinical or imaging evidence of lymph node metastasis (52).

Adjuvant radiation treatment (RT) and chemotherapy may

help in the treatment of LMS in order to preserve organ

function and reduce local recurrence, although with a limited

impact on survival rates (52). In a retrospective study of 14

patients with primary penile LMS in 1994 (39), local tumor

recurrence was found in all patients treated with

chemotherapy or radiotherapy only, and distant metastasis

was found in 2 of them. Hensley et al. (56) reported that

gemcitabine combined with docetaxel chemotherapy was

significantly effective as first- and second-line treatment for

primary penile LMS. The effectiveness of adjuvant radiation

and chemotherapy in treating primary penile LMS has not

been verified because of the small number of cases.

Tumor size, tumor depth, and histologic grade are the main

factors affecting the risk and prognosis of primary penile LMS,

as with other soft tissue sarcomas. The American Joint

Committee on Cancer (AJCC) grading system has a grading

system that takes into account characteristics such as tumor

size, lymph node involvement, and distant metastasis;

however, no research has determined if penile LMS falls

within this system. In the TNM grading system, T stage is

divided into T1 and T2 stages with the maximum diameter of

5 cm, but the majority of penile LMS is less than 5 cm. Thus,

a lower cut-off value could be more applicable. In addition,

for penile LMS, T stage should distinguish the superficial type

from the deep type according to the depth of invasion, rather

than just by the size of tumor. Moreover, poor differentiation

(grade 3 or 4) results in upstaging to stages II or III

irrespective of the tumor size (55). The Fédération Nationale

des Centres de Lutte Contre Le Cancer (FNCLCC) grading

system is the most widely used in the histological grading of

soft tissue sarcomas. Based on the degree of differentiation,

mitosis, and tumor necrosis, the FNCLCC grading can be

divided into X, 1, 2, and 3 grades. The higher the grade is,

the worse the prognosis will be (57). Eventually, superficial

penile LMS has a better prognosis than deep LMS, especially

for primary LMS with infiltration depth ≤2 cm and size

≤5 cm and being treated by extensive local excision with

negative incisional margins. However, larger and deep LMS,

especially located at the root of the penis, usually have a poor

prognosis (33).

Local recurrence may occur after the surgery of primary penile

LMS, and tumor cells often become poorly differentiated after

recurrence. For superficial and deep lesions, the recurrence rates

are 23% and 29%, respectively. However, the risk rate of distant

metastasis was higher for deep-type LMS (50%) compared to

8% for superficial LMS. In addition, the risk of metastasis

increased with tumor size, with a 29% and 50% chance of

metastasis for tumors with a diameter of 5 cm and greater.

Local lymph node metastasis is uncommon and occurs mostly
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in the advanced stages of the disease, when distant metastases are

often already present and the prognosis is poor (37).

Follow-up guideline for primary penile LMS are little

standardized and adapted from the soft tissue sarcomas in

general (55). A complete examination, especially the operation

site and inguinal lymph nodes, should be carried out every

3 months for 3 years after resection, every 6 months for the

following 2 years, and then annually for up to 10 years. In

high-risk cases (>5 cm tumor size, deep LMS, local

relapse, high-grade LMS), chest CT should be performed

every 3–6 months together with MRI of the primary tumor

site and sonography of regional lymph nodes and abdomen.

Additionally, the patient underwent surgery twice. As an

improvement measure, it is recommended to be alert to the

possibility of malignant mass, particularly given its rapid

growth during the last period of the present case, and

intraoperative frozen section analysis is necessary. In addition,

after local excision, expanded resection of the margins and

base of the lesion for biopsy is advised.
Conclusion

In summary, though primary LMS of penis is very rare, it is

not difficult to diagnose when pathology is included. Patients

with deep lesions are likely to experience distant metastases at

an early stage, which often has a bad prognosis. The best

therapy for primary penile LMS to date is assured to be

radical removal of malignant lesions with negative cut

margins, and close monitoring should be administered.
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advanced breast implant-
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lymphoma: A case report
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Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is a rare

T-cell lymphoma associated with textured breast implants. The most common

presentation is a periprosthetic seroma that occurs at least 1 year after an

aesthetic or reconstructive implantation, and in these cases, the surgical

treatment seems to be successful. More rarely, BIA-ALCL presents with

locally advanced mass-formed disease and a related regional lymph node

involvement. In all these cases with worse prognosis, a multidisciplinary

approach is required, including adjuvant chemotherapy, radiation therapy,

and surgery. We present a clinical case of a 49-year-old woman who

developed on the left side of the breast a mass-formed stage 3 BIA-ALCL 15

years after a bilateral breast augmentation with textured silicone implant. Our

multidisciplinary team (MDT) scheduled the patient for a “reverse-strategy”

sequential approach consisting of induction chemotherapy, hematopoietic

stem cell mobilization, and harvest followed by autologous stem cell

transplant (ASCT). After 100 days from the stem cell transplant, the patient

showed a complete pathologic response and was a candidate for radical

surgery. She underwent removal of both implants with total en bloc

capsulectomy. On the left site, the periprosthetic mass was also en bloc

removed. We did not perform any axillary dissection. Our surgical and

hemato-oncological teams followed the patient every 3 months, and no

local or systemic recurrences were observed 24 months after surgery. This

case report has demonstrated the effectiveness of neoadjuvant chemotherapy
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as part of a “reverse strategy” in selected cases of advanced-stage BIA-ALCL in

which it was not possible to perform an immediate radical surgery.

Furthermore, in our case, the de-escalation strategy adopted permitted a

less demolitic surgery with good functional and aesthetic results.
KEYWORDS

breast implant-associated anaplastic large cell lymphoma (BIA-ALCL), reverse-
strategy, neoadjuvant chemotherapy, stem cell transplant, conservative surgery
Introduction

Breast implant-associated anaplastic large cell lymphoma

(BIA-ALCL) is a recently recognized non-Hodgkin lymphoma

of T-cell origin. Despite its low incidence, the increasing use of

breast implants for aesthetic reconstruction or post-mastectomy

purposes poses BIA-ALCL as an emerging medical challenge (1).

All clinical case reports have demonstrated a strong relationship

between BIA-ALCL and textured breast implants.

Although most patients with BI-ALCL have a relatively

indolent clinical course presenting as a delayed effusion or

persistent seroma around the implants, one-third of the cases

develop a peri-capsular mass and a small number of lymph-node

involvement or distant disease (2, 3).

The National Comprehensive Cancer Network (NCCN)

guidelines and the UK guidelines on the Diagnosis and

Treatment of BIA-ALCL suggest that during the early stage,

surgical removal of the implant with the surrounding capsule

intact usually has a curative effect. For mass-forming cases,

surgery was also indicated with a total en bloc capsulectomy

with removal of any associated mass and abnormal regional

lymph nodes followed by adjuvant chemotherapy and/or

radiotherapy (4, 5). In advanced-stage patients, the role of

neoadjuvant therapy has not been investigated yet.

We report a case of a woman with locally advanced BIA-

ALCL treated with an unconventional combined approach in

which a sequential chemotherapeutic program was applied in a

neoadjuvant setting (reverse strategy).
Case report

A 49-year-old woman with a history of bilateral breast

augmentation with silicone implant macro textured 15 years

earlier presented with the appearance of a palpable large mass

associated with a volumetric increase of the left breast. She had

no postoperative complications or previous trauma to the breast,

nor did she undergo any additional breast surgery before

presentation to the clinic. The patient did not show any

significant previous clinical history or relevant comorbidities.
02
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Clinical examination revealed swelling, erythema, palpable mass,

and peau d’orange on the left breast (Figures 1A, B). The patient

underwent breast ultrasound and magnetic resonance imaging.

The latter showed signs of intracapsular ruptures.

On the same side, it had morbid tissue with a necrotic

component localized in the external quadrant extending from

the skin to the muscle layer (4 × 8 cm); the local swelling and the

increase in skin thickness affect all the breast tissue. In addition,

suspicious axillary lymph nodes have been reported in the same

side. Given the complexity of the case, the patient was sent to our

Breast Surgery Department of the “Regina Elena National

Cancer Institute” in Rome, considered as a reference point in

central-southern Italy for breast cancer (6, 7). We subjected the

patient to 18-FDG positron emission tomography/computed

tomography scan (PET/TC), which showed a focal increase of

the left breast tissue intake (SUV max 39.4) going from the skin

to the muscular layer of the outer quadrants and of the axillary

and retro-pectoral lymph nodes (SUV max 7.8; dmt max

26 mm). Clinical and radiographic evaluations of the right

breast did not show any abnormalities. The patient was

subjected to fine needle aspiration of mass; cytology exam

showed round, large cells with pleomorphic and cerebroid

nuclei (CD45+++, Vimentin++, Keratin−). The following

percutaneous biopsy of the mass demonstrated a proliferation

of phenotypically aberrant population of large cells that

expressed CD30 and CD45, negative for CD3, CD20, and

ALK1, diagnostic for anaplastic large cell lymphoma, ALK-

negative (ALK-ALCL) (Figures 2A, B) (8).

Following a multi-disciplinary tumor board discussion,

involving hematologists, surgeons, pathologists, and

radiotherapists, an immediate surgical treatment was

considered not indicated, as a consequence of the extremely

advanced disease stage not allowing a minimally invasive

surgical intervention. After the administration of informed

con s en t , we de c i d ed fi r s t t o s t a r t a s equen t i a l

chemotherapeutic approach consisting of induction

chemotherapy, hematopoietic stem cell mobilization, and

harvest followed by autologous stem cell transplant (ASCT),

according to our institutional policy and international guidelines

about treatment of advanced-stage ALK-negative peripheral T-
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cell lymphoid malignancies (9–12). In particular, induction

chemotherapy consisted of six courses of alternating CHOEP

(cyclophosphamide, vincristine, doxorubicin, etoposide, and

prednisone; three cycles) and DHAP (cisplatin, cytarabin, and

dexamethasone; three cycles). Hematopoietic stem cells were

collected after the last DHAP cycle (CD34+ × 106/kg collected:

7.024). At the end of the induction phase, a disease assessment

performed by a CT/PET scan showed a complete remission.

Afterwards, a consolidation treatment with ASCT after BEAM

conditioning regimen (BCNU, etoposide, cytarabine, and

melphalan) was finally performed (Figures 3A, B).
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One hundred days after the stem cell transplant, she

underwent removal of both implants with total en bloc

capsulectomy. On the left, the site of the periprosthetic mass

was also removed (Figures 4A, B).

We did not perform any axillary dissection. The histology,

performed as reported by Lyapichev et al. (13), revealed a complete

pathologic response with CD30 immunohistochemistry negative

(Figures 5A, B).

Given his complete pathological response, multidisciplinary

consensus did not consider adjuvant radiotherapy necessary.

The patient was followed by our surgical and hemato-
A B

FIGURE 2

Fine needle cytology: neoplastic proliferation of large round cells with pleomorphic nuclei, negative for epithelial marker CK (A) and positive for
linfoid marker and vimentin (B).
A B

FIGURE 1

Clinical presentation at the recruitment: frontal view (A) and lateral view (B).
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oncological teams every 3 months and no local or systemic

recurrences were observed 24 months after surgery.
Discussion

BIA-ALCL has been identified as an emerging disease entity

and represents a novel variant of the clinic pathologic subtypes

of anaplastic large cell lymphoma (ALCL) associated with breast

implants with a textured outer. Since its first description in 1997

by Keech and Creech (1, 14), an increasing number of cases have

been reported in literature (15), and recently, the World Health
Frontiers in Oncology 04
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Organization has listed BIA-ALCL as a unique pathological

entity (16).

The most common presentation of BIA-ALCL is a large

spontaneous periprosthetic fluid collection occurring at least 1

year and on the average from 7 to 10 years following the

implantation with a textured surface breast implant. In

addition to large fluid collections and delayed seromas, 8% to

24% of patients present an associated palpable mass and 4% to

12% present with lymphadenopathy (4). Less than 5% of the

cases are unfrequently described and manifest local and

systemic s igns , such as rash , fever , and capsular

contracture (17).
A B

FIGURE 4

Surgical specimen: implants with total en bloc capsulectomy (A) and periprosthetic tissue previously involved by BIA-ALCL (B).
A B

FIGURE 3

Clinical response after chemotherapy: frontal view (A) and lateral view (B).
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Surgical excision is the established standard of care to treat the

localized disease, but the BIA-ALCL treatment algorithm

suggested by international guidelines is limited in case of

unusual, progressive, or complex patient scenarios (18, 19). This

smaller subset of patients that present with a tumor mass

associated with the fibrous capsule or lymph node involvement

are more likely to have worse prognosis. Miranda et al. found that

only 72% of patients with tumor masses achieved remission, as

opposed to 93% when disease was confined to the fibrous capsule

(20). Ferrufino-Schmidt et al. found out a significant reduction in

5-year overall survival in patients with lymph node involvement

compared to patients who are not clinically or radiologically

suspected to have lymph node disease (75% vs. 97.8%) (21).

Our clinical case falls into one of those advanced BIA-ALCL

stages (stage III) (13, 22) with worse prognosis. The patient had a

large mass forming on the left side extending from the skin to the

muscle layer and suspected ipsilateral axillary lymph nodes.

Our multidisciplinary oncology board, which involved

hematologists, surgeons, pathologists, and radiotherapists, did

not consider the patient as a candidate for immediate surgery

due to the advanced stage of the disease. Such an intervention

would have been extremely destructive and not safe. Keeping in

mind the importance of obtaining safe negative surgical margins

and conservative surgery with oncoplastic techniques, the

patient was scheduled to administer chemotherapy and ASCT

before surgery, reversing the commonly recommended strategy

(reverse strategy).

In accordance with our institutional policy and international

guidelines about treatment of advanced-stage ALK-negative

peripheral T-cell lymphoid malignancies (9–12), patients were

submitted to induction chemotherapy by six courses of

alternating CHOEP and DHAP. Finally, a consolidation

treatment with ASCT after BEAM conditioning regimen was

performed. The chemotherapeutic regimen used in our patients

is in line with the regimen proposed in literature to treat

advanced BIA-ALCL in an adjuvant setting (4, 5). At the end

of the induction phase, a clinical and radiological restaging

manifested a complete remission of the disease.
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Keeping in mind the pivotal role of “free” surgical margins to

reduce local recurrences (22), the surgical procedure performed

on treated tissue allows for a less destructive surgery without

compromising its radical nature. In our case, a radiological

complete remission was obtained, 100 days from the stem cell

transplant; the patient underwent bilateral capsulectomy with,

on the left side, a local excision of previous pericapsular mass to

ensure that no tumor was present at the margins.

Contrary to guideline recommendations, we did not perform

any axillary dissection, despite the initial suspicion of multi-

lymphonodal involvement. A complete response was obtained

for the concomitant axillary lymph node, as expected after the

medical management of common ALCL so that we avoided

needless axillary dissection. Our patient was not interested in

maintaining an enlarged breast and asked to avoid an immediate

reconstruction with smooth implants. At follow-up, a device-

free reconstruction was planned, leaving the breast in a natural-

looking shape. Two other cases, in which neoadjuvant therapy

has been administered to treat advanced BIA-ALCL, have been

reported in the literature (18, 19).

In both cases, a complete pathological response was achieved

after neoadjuvant chemotherapy, and the adjuvant radiotherapy

was deemed unnecessary, following a multidisciplinary consensus.

Our case has shown that the use of neoadjuvant

chemotherapy is effective in cases of advanced BIA-ALCL, when

immediate surgical treatment is not indicated for the extension of

the disease. In these scenarios, the reverse strategy, which involves

the use of neoadjuvant chemotherapy, may obtain near-clinical

complete response allowing for conservative surgery.

The incidence of BIA-ALCL has continued to rise, but

consistent data regarding recommendations for patients with a

more aggressive presentation of BIA-ALCL are still lacking in

the literature. In this optic, the role of unconventional

therapeutic strategy should be investigated. Our report

underlines the important role of neoadjuvant chemotherapy in

BIA-ALCL to control disease burden before tumor resection in

selected cases in which radical surgery is not possible or

precluded due to the general condition of the patient.
A B

FIGURE 5

Complete pathological response: histology does not show neoplastic cells with a polyurethane crystal and rare inflammatory cells (A), flat
synovial metaplasia, and foreign body giant cell granulomas (B).
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abdominopelvic lesions and
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aged female
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Background: Nuclear protein of the testis (NUT) carcinoma is a rare subset of

poorly differentiated, highly aggressive malignancy defined by NUTM1 gene

rearrangements. Only three NUT cases of probable ovarian origin have been

reported.

Case presentation: We report a case of NUT carcinoma in a 53-year-old

female who presented with extensive abdominopelvic lesions and bilateral

ovarian masses suggestive of advanced ovarian cancer. This patient was

admitted to our hospital due to abdominal pain and distension for over two

months. Imaging examinations suggested a possible malignancy of bilateral

adnexal origin. This patient first underwent diagnostic laparoscopy. After

receiving neoadjuvant chemotherapy, she underwent cytoreductive surgery.

Surgical pathology showed infiltration of monotonous round tumor cells with

no apparent differentiation characteristics. Immunohistochemistry (IHC)

revealed nuclear expression of the NUT protein. And MXI1::NUTM1 fusion

was identified by next-generation sequencing (NGS). Herein, we introduce an

unusual NUT carcinoma and describe the clinical, imaging, and pathological

features. In addition, we briefly reviewed the published literature and discussed

the possibility of primary gynecological NUT carcinoma.

Conclusions: Identifying a NUT carcinoma arising from the abdominopelvic

cavity is essential, and we underscore the need for NUT testing in

undifferentiated malignant neoplasms that appear in this clinical setting.

Although it is unclear from which origin this tumor arose, proper

classification is essential for treatment planning.

KEYWORDS

NUT carcinoma, ovarian neoplasms, undifferentiated pelvic neoplasms, case report,
NUT rearrangement
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Introduction

NUT carcinoma is a rare, aggressive, and relatively recently

characterized subtype of poorly differentiated squamous cancer

with remarkably unfavorable clinical outcomes (1). It was first

described as thymic carcinoma in a young adult with the novel

translocation t (15, 19) (q15; p13) in 1991 in Japan (2). NUT

carcinoma most commonly harbors the BRD4-NUTM1 fusion

oncoprotein. Other NUTM1-fusion partners include BRD3,

NSD3, ZNF532, and ZNF592 (3). NUT carcinoma is an

orphan disease with unknown origin. It can occur anywhere

along the midline, with the typical sites being the upper

aerodigestive tract (head, neck, thorax, and mediastinum), but

also outside the midline (lung, salivary glands, pancreas, bladder,

kidney, adrenal glands, ovary, and bone tissues.) (1, 4, 5). It most

frequently occurs in adolescents and young adults but can occur

at any age (0-81.7 years), with a median age varying from 16 to

24 years (6). The prognosis of NUT carcinoma is devastating;

most patients progress rapidly and have hematologic or

lymphatic metastases at diagnosis, with a median survival time

of 6.7 months (7).

Although rare, the true incidence of NUT carcinoma is

unknown because it is frequently misdiagnosed with other

common malignancies, including poorly differentiated

squamous cell carcinoma, sinonasal undifferentiated carcinoma,

nasopharyngeal carcinoma, Ewing sarcoma, leukemia, thymic

carcinoma, neuroblastoma and pancreatoblastoma, and even

primary salivary gland carcinoma (1). It can be diagnosed with

virtually 100% specificity and 87% sensitivity by positive (>50% of

tumor nuclei) immunohistochemical (IHC) staining with the anti-

NUT antibody, C52B1, which is normally restricted to expression

in the testis (www.nmcregistry.org) (4, 6, 8). Characterization of

the fusion gene bymolecular analysis based on fluorescence in situ

hybridization (FISH), reverse-transcriptase polymerase chain

reaction (RT-PCR), cytogenetics, next-generation sequencing

(NGS), or whole-exome sequencing (WES) can be an alternative

to NUT IHC staining (6, 9).

In this study, we report a rare NUT carcinoma presenting

with extensive abdominopelvic lesions and bilateral ovarian

masses. This study was reported in agreement with the

principles of the CARE guidelines (10).
Case report

A 53-year-old Chinese female presented to the Emergency

Department of our hospital for persistent abdominal pain and

distension for over two months. Two months ago, the patient

went to a local hospital and obtained a transvaginal ultrasound

that revealed thickened bilateral fallopian, suggesting adnexitis.

She was treated with antibiotics, but the pain persisted. The

serum CA125 and CA724 levels were elevated (469U/ml and
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33.4U/ml, respectively). Abdomen and pelvis computed

tomography (CT) showed heterogeneous stomach and bilateral

adnexal masses, suggesting adnexal lesions or the Krukenberg

tumor. She was then referred to the emergency room of

our hospital.

In our hospital, she received thorough examinations. A

gynecological examination revealed an abdominopelvic mass

with an unclear boundary. The transvaginal ultrasound

showed a 3.9×2.3cm solid pelvic mass with ascites (Figure 1A;

Supplemental Figures S1A, B). The abdominal and pelvic

enhanced CT, the pelvic magnetic resonance imaging (MRI),

and the positron emission computed tomography (PET-CT) all

revealed irregular, heterogeneous, and plump bilateral adnexal

masses with diffusely thickened peritoneum, omentum, and

mesangium, multiple soft-tissue nodules, slightly thickened

intestinal wall, abdominal and pelvic effusion, and multiple

enlarged lymph nodes (Figures 1B–E; Supplemental Figures

S1C–F). The serum CA125 level was 439U/mL. The chest X-

ray showed no abnormality. The patient underwent bilateral

tubal sterilization more than 20 years ago and was found with a

Helicobacter pylori infection two months ago. She went into

natural menopause for one year and gave birth to two children.

Personal and family history were unremarkable.
Treatment

Considering the possibility of ovarian or gastrointestinal

malignancies, the patient was admitted to our hospital. After

admission, the patient developed aggravated abdominal

distension with an increase in body temperature to 39℃. After

four days of intravenous anti-inflammatory, the patient

underwent diagnostic laparoscopy with omentum and

peritoneum biopsies in a stable condition, which suggested

poorly differentiated carcinoma according to intraoperative

consultation. About 2 liters of tawny ascites were drained for

cytology confirmation during the operation, which revealed no

tumor cells. The surgical findings showed multiple white granular

tumor implants studding the omentum, peritoneum, and the

surface of the diaphragm, liver, intestine, and uterus. A

9×9×3cm omental cake enclosed part of the intestine and was

fixed. The omentum and intestine obscured bilateral ovaries and

fallopian tubes. Combined with laboratory, imaging, and surgical

findings, the possibility of advanced (stage IV) ovarian cancer was

considered. Given the difficulty in performing satisfactory

cytoreductive surgery, the patient was treated with three cycles

of neoadjuvant chemotherapy with Paclitaxel-albumin,

Carboplatin, and Bevacizumab.

After chemotherapy, the patient’s serum CA125 level was

reduced to 107 U/mL. Imaging examination showed reduced

abdominal and pelvic effusion, while abdominopelvic lesions

were roughly the same as before (Supplemental Figure S2). The
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pathological findings of the previous operation excluded the

common types of epithelial ovarian carcinoma, breast

carcinoma, and neuroendocrine neoplasm. Still, the diagnosis

could not be confirmed due to the poor differentiation

characteristics of the tumor cells. Upper GI endoscopy and

colonoscopy were performed to distinguish gastrointestinal

tumors, but no mucosal lesions were identified (Supplemental

Figure S3). The patient further underwent cytoreductive surgery,

which showed a 20×10×4cm extensive gritty nodular omental

cake densely adhered to the pelvic wall and part of the intestine

and mesentery (Supplemental Figure S4A). The mesostenium and

mesocolon were extensively thickened with contracture and stiff

morphology. A heterogeneous mass about 2.5cm in diameter was

found on the surface of the small intestine. The posterior wall of

the uterus closely adhered to the rectum, and bilateral ovaries were

enlarged with a solid nodular appearance (Supplemental Figure

S4B). Total hysterectomy and bilateral salpingo-oophorectomy

were performed. The omentum, small intestinal mass, and left

pelvic lymph nodes were also removed. All specimen was
Frontiers in Oncology 03
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submitted for pathological confirmation. It was an

unsatisfactory cytoreductive surgery (R2), with the postoperative

residuals being the diffuse thickened malignancy lesions in the

mesentery. The patient recovered in a stable condition without

any complications and was discharged home 13 days after surgery.
Pathological findings

Microscopic examination showed malignancy infiltration in

bilateral ovaries involving the omentum, peritoneum, mass on

the small intestine surface, and the serosa of the uterus and

bilateral fallopian tubes. The tumor cells were uniform

monotonous medium-sized round and oval with small-to-

moderate eosinophilic cytoplasm, enlarged nuclei, high

nuclear/cytoplasmic ratio, and uneven chromatin (Figure 2A).

Lymphatic vascular involvement and lymph node metastases

were frequently observed (Figure 2B). Solid sheets and nests of

typically undifferentiated cells infiltrating surrounding normal
FIGURE 1

(A) Transvaginal ultrasound reveals a 3.9×2.3cm irregular hypoechoic mass in the right abdominal cavity with blood flow signals closely related
to the peritoneum. (B) Pelvic MRI shows a suspicious mass in the right adnexal area and thickening of the omentum with pelvic effusion.
(C) Abdominal and pelvic enhanced CT reveals plump bilateral adnexal masses, diffusely thickened peritoneum, omentum, and mesangium,
slightly thickened intestinal wall, and abdominal and pelvic effusion. PET-CT displays plump bilateral adnexal areas, poorly demarcated from
surrounding tissue, showing signs of hypermetabolism with (D) the SUVmax2.2 on the right and (E) the SUVmax3.1 on the left.
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omental tissue were present, with no abrupt keratinization

(Figure 2C). Comparing the two surgical specimens, there was

no significant regression of tumor cells after neoadjuvant

chemotherapy (Figures 2C, D). Malignancy infiltration was

found on the serosa of the uterus, while typical structures of

the endometrium and myometrium remained, suggesting that it

was not a primary uterine neoplasm (Figure 2E). It is noteworthy

that although the malignancies significantly infiltrated the ovary,

most of the ovarian cortical and corpus albicans were intact. The

lesions were mainly close to the ovarian hilus and surrounded by

large blood vessels (Figure 2F), so the possibility of secondary

ovarian malignancy cannot be excluded.

IHC was conducted to help confirm the diagnosis (Table 1).

Tumor cells positively expressed monoclonal ER, INI1

(SMARCB1), BRG1(SMARCA4), and ARID1a, with patchy

expressions of monoclonal PR, P16, Syn, SATB2, and CK8/18.

The b-Catenin and P120 were positive in the cytoplasm. The Ki-

67 labeling index was approximately 30%. There was no

expression of CK pan (Figure 2G), p40 (Figure 2H), p63
Frontiers in Oncology 04
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(Figure 2I), and other IHC markers (i.e., CD56, CK7, WT-1,

TTF-1, Desmin, C-myc, CgA, CDX2, INSM1, SSTR2, SSTR5).

Details of all the IHC results were listed in Table 1. Based on the

morphological and IHC features, 14 malignancies with similar

morphology were compared, including ovarian serous carcinoma,

ovarian clear cell carcinoma, ovarian germ cell neoplasms, ovarian

sex cord-stromal neoplasms, neoplasms associated with the SWI/

SNF complex, colorectal carcinoma, invasive lobular carcinoma of

the breast, poorly differentiated hepatic cholangiocarcinoma, low

grade endometrial stromal sarcoma, high grade endometrial

stromal sarcoma, rhabdomyosarcoma, malignant peripheral

nerve sheath tumors, histiocytic sarcoma, and plasmacytoma

(Table 2). Additionally, to distinguish it from Ewing sarcoma,

dual-color break-apart FISH was conducted to test for EWSR1

gene rearrangements, which revealed a negative result.

Finally, we conducted NUT immunostaining (clone C52B1)

and revealed diffusely positive expression in the nucleus of

tumor cells (Figure 2J). However, the FISH experiment found

no disruption or translocation of the NUTM1 gene locus
FIGURE 2

Microscopic findings. (A) Uniform monotonous medium-sized round and oval tumor cells with moderate eosinophilic cytoplasm, enlarged nuclei, high
nuclear/cytoplasmic ratio, and uneven chromatin (hematoxylin and eosin (HE)). (B) Tumor cells infiltrate the pelvic lymph nodes (HE, yellow arrow). (C) A
section of the omental biopsy specimen with the omental tissue at the upper right (HE, green arrow) and the tumor cells at the lower left (HE, yellow
arrow). (D) A section of the omental specimen from cytoreductive surgery with no significant regression of tumor cells after chemotherapy (HE, omental
tissue: green arrow, tumor cells: yellow arrow). (E) Tumor cells (HE, yellow arrow) infiltrate the serosa of the uterus (HE, azure arrow). (F) The tumor mass
is close to the ovarian hilus (HE, yellow arrow), surrounded by large blood vessels (HE, orange arrow), with most of the typical stricture of ovarian cortical
and corpus albicans preserved (HE, sapphire arrow). (G) Negative CK pan IHC staining. (H) Negative p40 IHC staining. (I) Negative p63 IHC staining. (J)
Strong and diffuse nuclear reactivity for NUT in the tumor cells (NUT IHC staining). (K) Negative NUT FISH test. No significant red-green signal separation
was observed. (L) NGS identified an MXI1::NUTM1 fusion consisting of MXI1 exon 5 and NUTM1 exon 3 obtained for the tumor specimens of the patient.
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TABLE 1 Immunohistochemical resultab.

Protein Expression level Clone Manufacture

NUT Nuclear positive C52B1 CST, Boston, USA

ER Nuclear positive SP1 Genetech, Shanghai, China

PR Few positive 16 Genetech, Shanghai, China

P16 Faint positive 1C1 Zsbio, Beijing, China

PAX-8 Negative MRQ-50 Zsbio, Beijing, China

P53 Wtp53 positive DO-7 Zsbio, Beijing, China

WT-1 Negative 6F-H2 Zsbio, Beijing, China

Ki-67 Positive in 30% (hotspot) MIB-1 Genetech, Shanghai, China

CDX2 Negative EP25 Genetech, Shanghai, China

CK7 Negative UMAB161 Zsbio, Beijing, China

CK20 Negative EP23 Zsbio, Beijing, China

Villin Negative UMAB230 Zsbio, Beijing, China

NapsinA Negative IP64 Zsbio, Beijing, China

TTF-1 Negative 8G7G3/1 Zsbio, Beijing, China

HNF1b Negative EPR18644-13 Biolynx, Hangzhou, China

b-Catenin Cytoplasmic positive UMAB15 Zsbio, Beijing, China

E-Cadherin Negative UMAB184 Zsbio, Beijing, China

P120 Cytoplasmic positive EP66 Zsbio, Beijing, China

CK pan Negative AE1/AE3 Zsbio, Beijing, China

GATA-3 Negative EP368 Zsbio, Beijing, China

CgA Negative LK2H10 Zsbio, Beijing, China

Syn Few positive SP11 Genetech, Shanghai, China

CD56 Negative UMAB83 Zsbio, Beijing, China

SATB2 Faint positive OTI5H7 Zsbio, Beijing, China

Desmin Negative EP15 Zsbio, Beijing, China

Hepatocyte Negative OCH1E5 Zsbio, Beijing, China

HER2 Negative EP3 Celnovte, Henan, China

S-100 Negative 15E2E2+4C4.9 Zsbio, Beijing, China

AFP Negative OTI4D8 Zsbio, Beijing, China

SF-1 Negative OTI1H2 Zsbio, Beijing, China

CK8/18 Dot-like positive B22.1&B23.1 Zsbio, Beijing, China

Glypican-3 Negative 1G12 Zsbio, Beijing, China

CK19 Negative UMAB2 Zsbio, Beijing, China

SALL4 Negative 6E3 Zsbio, Beijing, China

CD68(KP1) Negative KP1 Zsbio, Beijing, China

CD163 Negative 10D6 Zsbio, Beijing, China

CD138 Negative EP201 Zsbio, Beijing, China

(Continued)
F
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TABLE 1 Continued

Protein Expression level Clone Manufacture

CD38 Negative SPC32 Zsbio, Beijing, China

CD10 Negative UMAB235 Zsbio, Beijing, China

IFITM1 Negative Polyclonal Sigma, Missouri, USA

INI1(SMARCB1) Positive 25 Zsbio, Beijing, China

BRG1(SMARCA4) Positive E8V5B Zsbio, Beijing, China

ARID1a Positive EP303 Zsbio, Beijing, China

BCOR Negative C-10 Zsbio, Beijing, China

CyclinD1 Negative SP4 Genetech, Shanghai, China

SSTR2 Negative EP149 Zsbio, Beijing, China

SSTR5 Negative Polyclonal Novus, Colorado, USA

CD117 Negative YR145 Genetech, Shanghai, China

Calretinin Negative SP13 Maxim, Fujian, China

P40 Negative BC28 Zsbio, Beijing, China

P63 Negative 4A4+UMAB4 Zsbio, Beijing, China

C-MYC Negative EP121 Zsbio, Beijing, China

aAll IHC staining except NUT antibody staining was performed on the Leica automated platform (Leica BOND-Max, Wetzlar, Germany) with validated commercial antibodies using
appropriate positive and negative controls.
bNUT antibody staining was performed by the Pathology Laboratory of Peking University Third Hospital, with testicular tissue used for a positive control and phosphate-buffered saline
used for a negative control.
F
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TABLE 2 14 malignancies with similar morphology.

Malignancies Incongruent IHC indicators

Ovarian Serous Carcinoma PAX-8 (-), WT-1 (-), P53 (Wtp53+), P16 (Faint+)

Ovarian Clear Cell Carcinoma NapsinA (-), TTF1 (-)

Ovarian Germ Cell Neoplasms SALL4 (-)

Ovarian Sex Cord-Stromal Neoplasms SF-1 (-)

Neoplasms Associated with the SWI/SNF Complex BRG1 (+), ARID1A (+), INI1 (+)

Colorectal Carcinoma CK7 (-), CK20 (-), CDX2 (-), Villin (-), SATB2 (Faint+)

Invasive Lobular Carcinoma of the Breast b-catenin (Cytoplasmic+), E-Cadherin (-), P120 (Cytoplasmic+), GATA-3 (-)

Poorly Differentiated Hepatic Cholangiocarcinoma Hepatocyte (-), Glypican-3 (-), CK8/18 (Dot-like+), CK19 (-)

Low Grade Endometrial Stromal Sarcoma CD10 (-), IFITM1 (-)

High Grade Endometrial Stromal Sarcoma BCOR (-), CyclinD1 (-)

Rhabdomyosarcoma Desmin (-)

Malignant Peripheral Nerve Sheath Tumors S-100 (-)

Histiocytic sarcoma CD68 (-), CD163 (-)

Plasmacytoma CD38 (-), CD138 (-)
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(Figure 2K). We subsequently identified the gene fusion of MXI1

exon 5 (NM_130439.3) to NUTM1 exon 3 (NM_175741.3) via a

targeted RNA-based NGS platform (DA8600, Daan Gene,

Guangzhou, China) on tissue samples, which finally confirmed

NUT carcinoma two months after cytoreductive surgery

(Figure 2L). Besides, we also identified the gene fusion of

MTMR3 e x on 5 (NM_02 1 0 9 0 . 4 ) t o S F I 1 e x on

3 (NM_001007467.3).
Follow-Up

One week after diagnosis, the patient developed fever and an

increased burden of malignancy, with imaging of advanced

diffusely thickened peritoneum, omentum, and mesangium,

progressed multiple metastatic lymph nodes, and newly

developed abdomino pelvic effusion. Unfortunately, although

the patient was adequately informed and the potential feasibility

of antitumor therapy was introduced, the patient refused further

treatment due to financial difficulties and decided to be

discharged to a local hospital for symptomatic relief and

supportive treatment. She developed systemic symptoms and

passed away four months and 18 days after cytoreductive surgery

(Figure 3).
Discussion

NUT, a protein product of the NUTM1 gene with highly

specific physiologic expression in post-meiotic spermatids, is an
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emerging neoplastic driver when fused with genes related to

transcription regulation (3). Although initially found to form

fusion oncoproteins with bromodomain proteins in a series of

fatal midline carcinomas, NUT has been identified with non-

bromodomain partners in some non-midline neoplasms with

varied histological morphology, including sarcoma, poroma,

porocarcinoma, and acute lymphoblastic leukemias (11–14).

Herein, we report a rare case of NUT carcinoma in a middle-

aged woman presenting extensive abdominopelvic lesions and

bilateral ovarian masses and initially considered advanced

ovarian cancer.

Although increasingly reported outside midline sites, NUT

carcinoma rarely presents ovarian lesions. As in our case,

bilateral ovarian masses may raise concern for a gynecologic

tract primary site of NUT carcinoma. Ovarian lesions are

uncommon for NUT carcinoma, with only three case reports

identified in the previous literature (5, 9, 11). The first patient

was a 38-year-old white female presenting with mediastinal and

bilateral ovarian masses; the possibility of primary ovarian

lesions cannot be excluded (9). The second patient was a

young female with ovarian and lung lesions, and the primary

focus was uncertain (11). The third patient, similar to ours, was a

middle-aged woman harboring a massive mass in the pelvic

cavity with diffusely thickened peritoneum and multiple

enlarged distant lymph nodes, indicating advanced ovarian

cancer (5). In general, these patients and ours presented with

extensive lesions involving the ovaries, so the possibility of the

ovary origin should be considered. Of concern is that our

patient’s ovarian lesions were mainly distributed near the

vessels of the ovarian hilus, with most of the typical structures
FIGURE 3

Time diagram from Jan 2022 to Sep 2022 of the patient: on Jan 14, 2022, abdominopelvic lesions and ovarian masses were identified by
imaging examination; on Jan 18, 2022, diagnostic laparoscopy was performed. Pathological findings of the omentum and peritoneum biopsies
suggested a poorly differentiated carcinoma. On Jan 20, 2022, the patient began the first course of neoadjuvant chemotherapy with Paclitaxel-
albumin, Carboplatin, and Bevacizumab; on Feb 10, 2022, the patient received the second course of neoadjuvant chemotherapy; on Mar 4,
2022, the patient received the third course of neoadjuvant chemotherapy; on Apr 12, 2022, cytoreductive surgery was performed; on Jun 9,
2022, NUT carcinoma was confirmed by morphology, immunohistochemistry, and genetic alterations. On Jun 18, 2022, imaging examinations
revealed a progressed malignancy burden. The patient refused antitumor therapy and passed away on Aug 30, 2022.
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of the ovary intact. Therefore, the possibility of secondary

ovarian malignancy cannot be ruled out. Given that this

patient’s lesions were predominantly in the abdominal and

pelvic presenting with extensive thickened peritoneum,

omentum, and mesangium, the possibility of primary NUT

carcinoma in the peritoneum, omentum, or mesangium also

cannot be ignored. These have not been previously reported or

considered in the literature.

NUT carcinoma usually displays evidence of squamous

differentiation either by histologic findings or immuno

histochemically expression of p63, p40, CK-pan, and other

markers associated with squamous differentiation (15). Similar to

Jung et al.,weobserved strongERexpression, no expressionof p63or

p40, and no abrupt squamous foci (5), and we also found weakly

positive expression of PR and weak and dot-like CK8/18 expression,

which is not common in classic NUT carcinoma (11). However, the

IHC profiles of our study excluded 14 other morphologically similar

malignancies and secured the diagnosis of a poorly differentiated

NUT carcinoma. Recently, similar high ER reactivity was described

in one report of theNUTM1-rearrangedneoplasiawith primary foot

lesions, whichwas diagnosed asNUT sarcomadue tomorphological

consistency with extraskeletal myxoid chondrosarcoma (11).

However, sarcomatoid differentiation is not remarkable in this

case. The unique ER and PR expression may indicate that this

tumor arose from a primary gynecologic site. Some reports of

NUT carcinoma have shown some focal features of their possible

origins. A recent rare report of an NSD3:NUTM1 fusion carcinoma

arising in the thyroid showed retention of focal thyroglobulin

production (16). In brief, the exact value of ER and PR expression

in NUT carcinoma remains unclear, which may indicate a

gynecologic origin and requires further investigation.

Myotubularin-related protein 3 (MTMR3) is an inositol lipid

3-phosphatase with extensive homology to myotubularin (17). It

has been found to be related to inflammatory bowel disease (18),

X-linked myotubular myopathy (17, 19), and type 4B Charcot-

Marie-Tooth disease (20). SFI1 (SFI1 Centrin Binding Protein),

essential for proper stability of centrioles and ciliogenesis

regulation (21), is associated with diabetic nephropathy (22),

neuroblastoma (23), and microcephaly (24). However, MTMR3::

SFI1 fusion has not been previously reported. MAX interactor 1

(MXI1), the reported NUTM1 companion gene, belongs to the

MAD family and encodes a transcription factor with a bHLH-

Zip motif (25). MXI1 interacts specifically with transcription

cofactor Max (25), regulates Myc activity via transcriptional

inhibition, and plays a role in the regulation of cell proliferation

(26, 27). So far, Three cases of MXI1::NUTM1 fusion neoplasm

have been reported in published literature (28–30). Agreeing

with previous cases, our case shows the appearance of a primitive

small round cell morphology and is diagnosed based on the

positive staining of the NUT protein. Although all four cases

(including this case) generally show no expression of typical
Frontiers in Oncology 08
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NUT carcinoma markers, the IHC profile of this case is slightly

different with negative expression of Desmin and positive

expressions of ER, PR, and CK8/18. Despite the negative

expression of myc in MXI1::NUTM1 fusion neoplasm,

evidence has shown that MXI1, which are normally repressors

of MYC activity, can be converted into MYC-like mimics by

fusion to NUTM1 (28). This may potentially be instructive in the

therapeutic options.

NUT carcinoma was highly aggressive, remarkably

refractory to chemotherapy and radiotherapy, and rapidly

fatal. Most patients succumb to rapid disease progression with

early locoregional invasion and distant metastases (7, 31). The

prognosis is related to the fusion partners and malignancy sites.

Analysis of 124 patients from the NUT Midline Carcinoma

Registry (www.nmcregistry.org) found that the median overall

survival (OS) of non-thoracic NUT carcinoma is longer than

thoracic NUT carcinoma, so as non-BRD4-NUTM1 fusions

compared with BRD4-NUTM1 fusion (32). In about 75% of

cases, NUTM1 is fused with BRD4, a member of the dual

bromodomain and extra terminal domain (BET) family

proteins (15, 33). NUT-mediated genome-wide histone

modification is vital in the pathogenesis of NUT carcinoma

via activating the histone acetyltransferase (HAT) p300, a factor

required for enhancer function achievement and the

transcription of oncogenes or tumor suppressor genes like

MYC and SOX2 (15).

Some cases have reported excellent tumor stabilization effects

of Ewing sarcoma chemotherapy, concurrent Chemoradiotherapy

(CCRT), and immunovirotherapy (34–37). Nasal NUT carcinoma

has remarkably responded to Ewing sarcoma-based

chemotherapy regimen and concurrent radiation in several cases

(34, 35). And CCRT has been found helpful in achieving complete

remission in several patients suffering from head, neck, and

thoracic NUT carcinoma (36, 38). Recently, a case

demonstrated the feasibility of an add-on immunovirotherapy

regimen in a patent with thoracic NUT carcinoma, which includes

an oncolytic virus (talimogene laherparepvec (T-VEC),

IMLYGIC®) together with the immune checkpoint inhibitor

pembrolizumab as an add-on to a basic therapy (cytostatic

chemotherapy, radiation therapy, and epigenetic therapy) and

shows a significant improvement of tumor stabilization and the

patient’s quality of life (37). And it has been reported that positive

PD-L1 expression may be associated with better survival and may

indicate the potential of immune checkpoint inhibitors in treating

NUT carcinoma (15, 38).

Although the standard therapy for NUT carcinoma has not

been well established, therapeutic epigenetic modifiers are

emerging potential regimens for NUT carcinoma treatment.

Promising epigenetic therapies include the inhibition of DNA

binding by BET bromodomain inhibitors (BETis) and the

modification of downstream histones by histone deacetylase
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inhibitors (HDACis) (15, 39, 40). Several epigenetic therapies are

under development and have shown some promising preclinical

findings, including BETis (i.e., ABBV-075 (mivebresib), ABBV-

744, and BI 894999), p300 BDi + BETi (i.e., GNE-781 +

birabresib), CDK9 inhibition, CDK4/6i + BETi, DNA-

damaging agents, and HDACis (15, 39–41). To date, several

phase I/IIa clinical trials focused on BETi monotherapy have

been completed and showed preliminary antitumor activity,

including birabresib (aka MK-8628/OTX015, OncoEthix) (42),

molibresib (aka iBET-762, GlaxoSmithKline) (43), ODM-207

(Orion Pharma) (44), RO6870810 (aka TEN-010, Roche) (45),

and BMS-986158 (Bristol-Myers Squibb) (46). But more clinical

trials are needed to confirm the safety and feasibility of these

regimens for widespread use. Some ongoing phase I/II clinical

trials include BETi combined with chemotherapy treatment

(ZEN3694 + cisplat in/etoposide, CTEP 10507 and

NCT05019716), dual BET and CBP/p300 inhibitor

(EP31670, NCT05488548).

Of the three cases that reported NUT carcinoma with

gynecological lesions, two described the treatment and

prognosis. The first patient developed multiple diffuse

progressive metastases throughout the body within three

weeks of diagnosis, including liver, lung, brain, adrenal glands,

pelvic cavity, bone, and lymph nodes. Although receiving

chemoradiotherapy and targeted therapy, she died of a severe

infection two months and 19 days after diagnosis (9). Another

patient was a 54-year-old Korean woman who was treated with

chemotherapy with bleomycin, etoposide, and cisplatin (BEP)

but showed significant aggravated tumor burden with chest and

lymph node metastases (5). Regardless of the therapies,

conditions of NUT carcinoma patients with gynecologic tract

lesions presented uncontrolled. Remarkably, the 38-year-old

white female with mediastinal and ovarian masses received

systemic chemotherapy with an HDACi (Romidepsin), but the

tumor significantly progressed (9). Of the three cases that

reported MXI1::NUTM1 fusion, two were not eligible for

clinical trials and were too unwell to receive other basic

therapies (28, 30), and one received an off-label use of

Romidepsin but got progressively worse (29). Therefore, more

experimental and clinical studies are required to characterize the

drug resistance mechanisms and to screen the targeted therapies.
Conclusion

We report the clinical and pathological findings of a rare

NUT carcinoma with MXI1::NUTM1 fusion characterized by

extensive abdominopelvic lesions and bilateral ovarian masses

and share the difficulties and pitfalls of the diagnostic process.

We emphasize the importance of NUT test ing in
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undifferentiated malignant neoplasms with extensive

abdominopelvic and ovarian involvement and put forward the

possible gynecologic origin of NUT carcinoma, which is essential

for proper classification and treatment planning.
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Case report: Thyroid
carcinoma invading trachea:
Multidisciplinary resection
and reconstruction assisted
by extracorporeal
membrane oxygenation

Bo He1†, Shixin Zhang1†, Lin Ren2†, Yi Zhou1†, Qiao Chen1,
Jinghua Tang1, Yi Zhang2, Meng Tang1*, Yang Qiu1*

and Haidong Wang1*

1Department of Thoracic Surgery, Southwest Hospital, Army Medical University (Third Military
Medical University), Chongqing, China, 2Department of Breast and Thyroid Surgery, Southwest
Hospital, Army Medical University (Third Military Medical University), Chongqing, China
Background: When thyroid cancer invades the trachea, tumor resection and

trachea reconstruction are required. Although the traditional way of anesthesia

and tracheal intubation can maintain the necessary ventilation function during

the operation, tracheal intubation affects the surgical field of vision and is not

conducive to the protection of the recurrent laryngeal nerve beside the trachea

during the operation.

Case presentation: Extracorporeal membrane oxygenation (ECMO) is used to

replace traditional tracheal intubation in the process of resection and end-to-

end anastomosis of tracheal tumors, and complete tracheal tumor resection

and trachea reconstruction are achieved.

Conclusion: Using ECMO for thyroid carcinoma resection, invaded trachea

resection, and trachea reconstruction is safe and effective, which reduces the

obstruction of endotracheal intubation on the operative field, guarantees the

rapid and efficient end-to-end anastomosis in the upper trachea, and clearly

avoids laryngeal recurrent nerve injury in the process of anastomosis.

KEYWORDS

ECMO, thyroid tumor resection, trachea reconstruction, case report, safe

and effective
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Background

In 2020, the number of new cases of thyroid cancer in the

world was about 580,000, and the incidence of thyroid cancer

ranked 11th among all cancers (1). Thyroid tumors are the most

common head and neck tumors involving the cervical trachea.

For patients with a thyroid malignant tumor that has invaded

the trachea, the operation requires that the thyroid and trachea

invaded by the tumor are resected according to the scope of

surgery, and tracheal respiration and neck dissection should be

performed according to the situation (2, 3).

When thyroid cancer invades the trachea and recurrent

laryngeal nerve, patients are at risk of respiratory distress,

asphyxia, and even death. Sleeve resection of tracheal tumors

and airway reconstruction are effective methods to treat

tracheal tumors and save patients’ lives. The simultaneous

surgery of tracheal resection and tracheal reconstruction is

also one of the most complicated and difficult operations,

which is required a high level of surgical techniques and

perioperative management. The difficulty of the operation is

reflected in complete tumor resection, tracheal resection and

reconstruction, and retention of functions of the recurrent

laryngeal nerve and parathyroid gland at the same time.

After multidisciplinary consultation, it was finally determined

to complete the operation with extracorporeal membrane

oxygenation (ECMO) assistance. This may be the first case of

resection and reconstruction of the trachea invaded by thyroid

cancer assisted by ECMO in China.

Although the traditional way of anesthesia and tracheal

intubation can maintain the necessary ventilation function

during the operation, tracheal intubation affects the surgical

field of vision and is not conducive to the protection of the

recurrent laryngeal nerve beside the trachea during the operation.

Therefore, in order to achieve the best surgical results and

further expose the surgical field, we performed resection of

thyroid cancer with invaded trachea and tracheal end-to-end

anastomosis with the assistance of ECMO without mechanical

ventilation and tracheal intubation in the surgical field.

Thyroid surgery was performed with radical thyroidectomy.

During the operation, the recurrent laryngeal nerve monitoring

technique was used to preserve the function of the invaded

recurrent laryngeal nerve. The function of the parathyroid gland

was preserved by using hyperfine dorsal membrane anatomy,

negative imaging of the parathyroid gland, and parathyroid

transplantation so as to ensure the postoperative quality of life.

This study was reported in agreement with the principles of

the CARE guidelines (4).
Case presentation

A 65-year-old woman was referred to our hospital after an

examination revealed a right goiter due to an irritating dry
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cough. Computed tomography (CT) showed a mass in the right

lobe and isthmus of the thyroid gland, and thyroid cancer was

considered, which invaded the adjacent trachea and was

accompanied by lymph node metastasis in cervical region 6

(Figure 1A). Fiberoptic bronchoscopy showed a protuberant

tumor on the right anterior wall of the trachea, which was

about 3 cm away from the glottis; the tracheal lumen was

obviously narrow; no obvious abnormality was found in the

remaining bilateral bronchus (Figure 1B). The cytological results

of bronchial brushing showed abnormal cells of which the origin

was not excluded from the thyroid.

Before the operation, the multidisciplinary consultation of

thoracic surgery, thyroid and breast surgery, anesthesiology,

cardiovascular medicine, and respiratory medicine was

conducted, and relevant discussions and decisions were

completed: 1) thyroid cancer invaded the trachea, and partial

tracheal resection and tracheal reconstruction were required

during the operation. 2) Preoperative assessment found the

patient with mild chronic obstructive pulmonary disease, mild

asthma, and airway resistance on the high side, which might lead

to endotracheal mass dropping, bronchial foreign bodies

blocked, and tumor cell implantation metastasis during

induction of anesthesia. In order to ensure surgical safety,

ECMO support was strongly recommended by respiratory and

anesthesia specialists, which had indications. 3) The neck space

was narrow, and the tracheal intubation seriously affected the

operation field and hindered anastomosis. With the assistance of

ECMO, tracheal intubation could be temporarily removed

during intraoperative tracheal resection and reconstruction. 4)

For neoplastic lesions with severe airway obstruction,

prioritizing the establishment of ECMO during the induction

of anesthesia is extremely important to ensure patient safety. In

this case, preoperative CT showed that the diameter of the

narrowest tracheal area was greater than 1 cm. After

preoperative evaluation by the Department of Anesthesiology,

it was considered safe and feasible to perform 8-mm outer

diameter tracheal intubation. 5) After discussion with the

Department of Thyroid and Breast Surgery, it was decided that

the operation would be carried out in two stages: the first stage

was carried out by the Department of Thyroid and Breast

Surgery. After the resection of the thyroid tumor, the scope of

tracheal invasion was further explored to accurately determine

the way of tracheal anastomosis, minimize anastomotic tension,

and also to ensure that the recurrent laryngeal nerve was not

damaged during surgery. At this stage, ECMO was not required,

and only conventional tracheal intubation was performed. The

second stage was performed by the Thoracic Surgery

Department. With the surgical field fully exposed under the

assistance of ECMO, the Thoracic Surgery Department

completed the tracheal tumor resection and end-to-end

anastomosis as soon as possible.

After the patient’s informed consent was obtained, the

following was performed: total thyroidectomy + bilateral central
frontiersin.org
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region lymph node dissection + bilateral recurrent laryngeal nerve

exploration + right region 3 and 4 lymph node dissection + left

upper parathyroid and left sternocleidomastoid muscle

transplantation + ECMO-assisted tracheal tumor resection +

tracheal end-to-end anastomosis. The patient was placed in a

supine position for general anesthesia. The venous (V-V) ECMO

cannulas of the left femoral vein to the right internal jugular vein

were quickly established after heparinization.

The detailed operation process is as follows.

The patient was placed in a supine position, and after routine

disinfection and towel spreading, 8-mm endotracheal intubation

and ventilator ventilation were performed under the guidance of

a fiberoptic bronchoscope, and the process was smooth. A 7-cm

horizontal low collar incision on the neck was made along the

dermatoglyph and 2 cm above the clavicle. Further separation

and exploration revealed that the tumor was located in the right

thyroid lobe, invading the anterior cervical muscle, the right
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recurrent laryngeal nerve, and the trachea. The length of the

invaded trachea was about 2 cm, and the front wall and both side

walls of the second and third cartilage rings were invaded

occupying about 2/3 of the trachea, which made it difficult to

peel off.

The Department of Thyroid and Breast Surgery operated at

first. Nano-carbon suspension measuring 0.1 ml was injected into

thyroid tissue for parathyroid negative development. The blood

vessels of the superior pole of the thyroid were ligated. From top to

bottom, the thyroid tissue was separated from the back of the

thyroid gland to the surface of the trachea, and the blood vessels of

the inferior pole of the thyroid were ligated. The right recurrent

laryngeal nerve was seen surrounded by a tumor, and the recurrent

laryngeal nerve was separated to be protected by blunt dissection.

The upper and lower parathyroid glands were retained, the thyroid

tissue was cut off at the isthmus of the thyroid, and the right and left

thyroid glands were successfully removed, avoiding the invaded
A

B

FIGURE 1

Preoperative cervical CT and fiberoptic bronchoscopy. (A) CT shows thyroid carcinoma invading trachea (arrow). (B) Fiberoptic bronchoscopy
shows a protuberant tumor on the right anterior wall of the trachea, and the tracheal lumen is obviously narrow (arrow).
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trachea (Figure 2A). Then, bilateral central lymph node dissection

was performed. During the operation, themonitoring instrument of

the recurrent laryngeal nerve showed that the structure of the

bilateral recurrent laryngeal nerve was intact , the

electrophysiological activity of the left recurrent laryngeal nerve

was intact, and that of the right recurrent laryngeal nerve was

slightly weakened, which was considered to be caused by tumor

invasion of nerve and edema after dissection.

The thoracic surgery team and the ECMO team performed

partial tracheal resection and end-to-end sleeve anastomosis

assisted by ECMO according to the plan discussed before

surgery. Two thoracic surgeons subsequently performed

intubation, and one extracorporeal perfusionist prefilled the

ECMO tubes and heparinized the whole body. With the

assistance of ultrasound, an intravenous cannula (CB96670-

021, Medtronic, Shanghai, China) was placed at the opening

between the inferior vena cava and the right atrium as an

external drainage tube to draw venous blood out of the body,
Frontiers in Oncology 04
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and an arterial cannula (CB96570-019, Medtronic) was placed at

the opening between the right internal jugular vein and the right

superior atrial vena cava as a return tube to bring external

oxygenated blood into the body.

The MAQUET cardiopulmonary bypass package BE-PLS

2050 was used to prefill, exhaust, and connect ECMO tubes and

cannulas. ECMO diversion was started, the endotracheal

intubation retreated to the vicinity of the tracheal glottis, the

ventilator was stopped, and oxygen was supplied by V-V ECMO

diversion. Intraoperative ECMO parameters were as follows:

centrifugal pump was maintained at 3,500 revolutions per

minute, ECMO flow rate was maintained at 3.2 L/min, the

fraction of inspiration O2 was maintained at 45%, and airflow

was maintained at 4.5 L/min. Oxygen saturation during the

operation was between 98% and 100%.

The endotracheal tube was retracted near the trachea glottis,

and the ventilator was stopped. The second and third tracheal

rings and tumors were annularly resected 0.5 cm away from the
A B

C D

E

FIGURE 2

Intraoperative photographs. (A) Thyroid cancer invades the trachea (arrow). (B) The second and third tracheal rings and tumors are annularly
resected with tracheal intubation ventilation condition. (C) The trachea end-to-end sleeve anastomosis is ongoing with ECMO ventilation.
(D) The anastomosis is completed, with left recurrent laryngeal nerve with nerve detection and protection (arrow). (E) Right recurrent laryngeal
nerve with nerve detection and protection (arrow). ECMO, extracorporeal membrane oxygenation.
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upper and lower ends of the tracheal tumor (Figure 2B). The

tracheal tumor specimens were taken out and sent for

pathological examination, indicating chronic inflammation of

the tracheal stump. The trachea end-to-end sleeve anastomosis

of the trachea was completed without tension (Figures 2C–E).

The monitoring technology of the recurrent laryngeal nerve was

used to protect the recurrent laryngeal nerve in the whole

process of tracheal resection and anastomosis. The

endotracheal intubation was re-sent below the tracheal

anastomosis, and the ventilator was resumed for assisted

breathing. No air leakage was observed in the anastomosis.

The morphology of tracheal end-to-end anastomosis was

verified by fiberoptic bronchoscopy.

ECMO was discontinued, ECMO cannulas were removed,

activated clotting time (ACT) was examined for 178 s, and 25 mg

of protamine was used to neutralize heparin. The circulation

time of ECMO was 50 min, during which the patient’s blood

pressure was stable and the oxygen saturation was 100%. The

operation was smooth and successful, the intraoperative blood

loss was about 400 ml, and no blood transfusion was given.

After the operation, the patient returned to the intensive care

unit of thoracic surgery and recovered smoothly. She was

discharged from the hospital after 11 days of operation and

was required to wear a neck brace and maintain the head-down
Frontiers in Oncology 05
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position for 2 weeks. The symptom of hoarseness was improved.

Postoperative pathological results showed that there were three

nodules in the right thyroid, two of which were papillary

carcinoma involving striated muscle tissue and the whole

trachea, and no cancer tissue was involved in the upper and

lower stump of the trachea. Metastasis was observed in lymph

nodes in the left central region, right central region, and right

cervical lateral region. Postoperative neck–chest CT imaging of

the respiratory tract showed that the right anterior wall of the

cervical trachea returned to normal (Figures 3A, B).
Discussion

Among thyroid cancer, 95% of thyroid cancers were

differentiated thyroid cancer (DTC), mainly including

papillary thyroid carcinoma (PTC), follicular thyroid

carcinoma (FTC), and Hürthle cell carcinoma (HCC). Its

clinical treatment involves ultrasound medicine, pathology,

surgery, nuclear medicine, endocrinology, oncology,

radiotherapy, interventional medicine and laboratory

medicine, and many other disciplines. Surgery is the preferred

treatment for most DTC patients, which plays a crucial role in

the prognosis of the disease. Radical tumor resection is one of the
A

B

FIGURE 3

Postoperative neck–chest CT. (A) Transverse image shows the right anterior wall of the cervical trachea returned to normal. (B) coronal image
shows the right anterior wall of the cervical trachea returned to normal.
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important factors related to the prognosis of patients with DTC.

T4 patients with a tumor that has invaded the surrounding

structural organs generally are advised total thyroid gland

resection; at the same time, the parts of the surrounding

affected structures are needed to be removed, like the partial

larynx and even the whole larynx, partial trachea, hypopharynx,

partial esophagus, and so on. The treatment of DTC is mainly

surgical treatment, supplemented by postoperative endocrine

therapy, radionuclide therapy, radiotherapy, and targeted

therapy in some cases (5).

Different types of thyroid tumors have different degrees and

ways of tracheal involvement. The influence of thyroid benign

tumors on the cervical trachea is mainly the compression of the

trachea, and long compression time may lead to tracheomalacia.

Thyroid malignant tumor not only directly compresses the

trachea but also invades the trachea. McCaffrey et al.

summarized the clinical data of 262 patients with papillary

thyroid carcinoma invading the upper respiratory tract from

1940 to 1990 and found that upper respiratory tract involvement

was an important factor affecting the survival rate of patients. At

the same time, if the upper respiratory tract lumen was invaded,

the mortality rate would be significantly increased (6).

Some foreign scholars believe that no matter how much

scope of invasion, they are inclined to adopt tracheal circular

resection and end-to-end anastomosis. Compared with window

resection, this operation completely keeps the prototype of the

airway, avoids the occurrence of airway stenosis, and maximizes

the negative rate of incision margin. With the improvement of

anastomosis technology, the risk of anastomotic leakage was not

increased (21% vs. 25%), and patients could obtain a greater

survival benefit (7).

During the operation, the diseased trachea was not only an

important channel to ensure ventilation and maintain

oxygenation during anesthesia operation but also the surgical

site of surgeons, so the anesthesia management of partial

tracheal resection and tracheal reconstruction was very

complicated and tricky. There are no anesthetic guidelines and

expert consensuses related to a tracheal tumor in China to

determine airway opening strategies based on the size,

location, characteristics, and degree of ventilation difficulty of

tracheal masses (8, 9).
Method 1

Patients with tumors located in the trachea are generally fit,

have a satisfactory cardiopulmonary function, can lie down, have

no dyspnea, and have mild tracheal stenosis. Their tumors have

wide bases and non-annular growth and do not easily bleed

when touched, in which situations rapid induction of

endotracheal intubation is feasible. The tracheal tube with a
Frontiers in Oncology 06
298
smaller diameter than the narrowest place is selected, and the

surface is fully lubricated. Guided by a fiberoptic bronchoscope,

the tracheal intubation is completed through the tumor, and the

tracheal balloon is placed below the tumor.
Method 2

Patients have obvious dyspnea and severe tracheal stenosis,

their lumen of the narrow section is irregular tubular, and the

tumor surface easily bleeds when touched, which is a great risk.

Such patients are advocated to keep spontaneous breathing,

tracheotomy is conducted with local anesthesia below the

tumor, and the endotracheal tube is inserted. Then, the

tracheal tube is changed to be inserted through the mouth

after resection of the tumor segment and end-to-end

anastomosis, and the tracheal tube balloon passes over the

anastomotic place.
Method 3

If the inner diameter of the trachea is severely reduced, the

trachea is distorted, or the tumor is free, and the forced insertion

of the tracheal intubation will easily cause tumor shedding or

bleeding and will cause ventilation dysfunction or suffocation. In

this situation, right femoral arteriovenous intubation can be

selected under local anesthesia to establish cardiopulmonary

bypass and then induce anesthesia. The endotracheal tube is

then placed at the proximal end of tracheal stenosis under the

guidance of a fiberoptic bronchoscope. During the operation, the

trachea is cut open in the lower segment of the stenosis, and

tracheal intubation is performed to maintain ventilation. The

cardiopulmonary bypass is removed early to reduce related

complications such as coagulation dysfunction and

intraoperative bleeding.

In 1965, Nevile et al. first reported the application of

cardiopulmonary bypass in thoracic surgery (10). However,

cardiopulmonary bypass may increase postoperative bleeding

and potential complications such as liver and kidney function

damage. Moreover, it is technically difficult and time-consuming

to establish cardiopulmonary bypass, and at the same time, it can

cause great trauma and late infection to patients, so it is not an

ideal support method.
Method 4

ECMO has been recently reported for carinal reconstruction

surgery (11). In 2017, our team successfully completed ECMO-

assisted tracheal tumor resection and carina reconstruction
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(Thompson’s operation). We used V-V ECMO to maintain a

satisfactory oxygen supply without tracheal intubation, which

proved that ECMO-assisted tracheal tumor resection and carina

reconstruction is a safer and more effective technique as

compared with traditional methods (12). ECMO support has

also been used in neonatal trachea reconstruction with

satisfactory results (13).

V-V ECMO can support partial or total lung function and

can be used in patients with respiratory failure (14). ECMO can

completely or partially replace cardiopulmonary function, and

its auxiliary application provides the possibility and necessary

guarantee for bronchoscopy and surgical treatment, which is a

reasonable mode in airway reconstruction surgery.

The ECMO treatment used in this patient has the following

advantages: 1) generally, systemic anticoagulation is required

during ECMO diversion, which may increase the risk of bleeding

during surgery. In this case, ECMO pipelines were established

after thyroid tumor resection. The ECMO turnaround time was

very short during tracheal resection and anastomosis. Protamine

injection was used to neutralize heparin immediately after the

removal of ECMO, so there would be no large blood loss during

the operation. 2) There are many intubation modes that can be

selected during ECMO operation, such as femoral arteriovenous

intubation, internal jugular vein intubation, and common

carotid artery intubation, which provide multiple anesthesia

modes. 3) V-V ECMO is used to maintain a satisfactory

oxygen supply without endotracheal intubation. 4) ECMO

reduces the impact of tracheal intubation on the surgical field

in a narrow space, improves the accuracy of anastomosis, and

clearly avoids injury to the recurrent laryngeal nerve during

anastomosis. There are also disadvantages in this case: ECMO

does increase the cost of treatment, and the operation time will

increase accordingly. However, we believe that under the

condition of ECMO, the visual field of end-to-end tracheal

anastomosis is more sufficient, and the anastomosis time can

be greatly shortened, which actually shortens the operation time

in another aspect.

In conclusion, this case proves that using ECMO for thyroid

carcinoma resection, invaded trachea resection, and trachea

reconstruction is safe and effective, which reduces the

obstruction of endotracheal intubation on the operative field,

guarantees the rapid and efficient end-to-end anastomosis in the

upper trachea, and clearly avoids laryngeal recurrent nerve

injury in the process of anastomosis, which provides another

reference anesthesia and surgical method.
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Background: Ewing sarcoma (ES) represents a rare, aggressive bone and soft-

tissue cancer. Unlike breast, liver, pancreatic, and prostate cancers, Ewing sarcoma

has had no representative tumor marker until now. The use of procalcitonin (PCT)

as a tumor marker is also rarely reported. PCT is a clinically recognized and widely

used inflammatory marker in recent years. In rare cases, PCT may also be falsely

positive due to non-infectious factors. In the few previously reported papers

regarding the correlation between tumors and PCT, we learned that

abnormalities of PCT level can also be impacted by individual cancers.

Case presentation: Here, we first reported a case of Ewing sarcoma with markedly

elevated PCT without infection and carried out some literature review. The patient

was a middle-aged man with extraskeletal Ewing sarcoma whose lesion was

located in the distal abdominal ileum. He had a sudden and unprovoked onset

of high fever during chemotherapy before surgery. After multiple examinations, the

patient’s blood routine, C-reactive protein, blood culture, and CT examination

showed no signs of infection, and even the culture from the end of the central

venous catheter showed no pathogen growth. Only PCT increased dramatically to

more than 200 ng/ml. PCT remained at this level for several months until a single

abdominal lumpectomy was performed before it dropped to near-normal levels.

Conclusion: In our report, PCT is significantly elevated in Ewing sarcoma in the

absence of infection. Not only that, but we particularly highlighted the precipitous

drop in PCT following tumor resection.

KEYWORDS

Ewing sarcoma, EWSR, procalcitonin, infection, case report, inflammatory marker
1 Introduction

Ewing sarcoma was first defined as an independent type of tumor in the early 20th

century; it is also known as the Ewing sarcoma family of tumors (ESFT), which mainly

includes classical Ewing sarcoma of the bone (ESB), extraskeletal Ewing sarcoma (EES),

and primitive neuroectodermal tumor (PNET). It most often begins in the long bone
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diaphysis, pelvis, and scapula, although it infrequently occurs in

soft tissue. All of them share the common cellular histology and

genetic mechanism characterized by small round cells expressing

high levels of CD99 and Ewing sarcoma breakpoint region 1

protein (EWSR1) gene disruption. This provides a reliable basis

for clinical diagnosis of Ewing sarcoma (1–3). Ewing sarcoma is a

highly malignant tumor, most common in people aged 10 to 25

years, with a rare occurrence in older adults (4, 5). Patients with

this cancer usually manifest pain, swelling, mass, unexpected

tiredness, fever with no known cause, unintentional weight loss,

or even anemia only (6). With the improvement of multimodality

therapy, the overall survival (OS) has increased from approximately

70% a few years ago to approximately 80% in the past 2 years,

although 5-year OS was 30% for patients with metastatic disease

and less than 10% for patients who relapsed within 2 years of

diagnosis (7–9).

Procalcitonin (PCT) is a prohormone consisting of 116 amino

acids with a molecular weight of approximately 13 kDa. Under

normal circumstances, PCT is secreted by thyroid C cells and then

degraded by enzymes into calcitonin, with very little of it entering the

peripheral blood (10, 11), while the PCT increases significantly after

bacterial infection since multiple tissues can all express the PCT

during sepsis (12). However, it is worth noting that elevated PCT

levels can also be caused by non-infectious factors in the minority

(13). There have been reports of it, and they include but are not

limited to extensive surgery (14), pancreatitis (15, 16), end-stage renal

disease (17), newborn (within 48 h of birth) (18), autoimmune

diseases, and several neoplastic diseases (small-cell lung cancer,
Frontiers in Oncology 02302
medullary thyroid C cell tumor, and cirrhosis combined with

hepatic carcinoma) (19–22).

To the best of our knowledge, high serum levels of PCT have not

been reported in Ewing sarcoma especially in the circumstances of no

meaningful evidence of bacterial infection until now. Here, we present

an adult male patient with extraskeletal Ewing sarcoma who had

extremely high PCT levels (>200 ng/ml). Another mystery, in this

case, is that the markedly elevated PCT value, which lasted for nearly

100 days, plunged precipitously after the resection of the lesion. This

expands the clinical value of PCT in Ewing sarcoma. At the same

time, in the absence of bacterial infection, Ewing sarcoma should be

included in the differential diagnosis of elevated PCT. The patient has

provided permission to publish information about his case, and the

identity of the patient has been protected. This study was reported in

agreement with the principles of the CAse REports (CARE)

guidelines (23).
2 Case presentation

In November 2020, a 51-year-old man was examined at a local

hospital for moderate anemia (hemoglobin level of 80 g/L) after a

routine physical examination. Abdominal computed tomography

(CT) findings showed uneven thickening of the terminal ileum

(Figure 1). Positron emission tomography–computed tomography

(PET/CT) showed a local soft tissue mass at the distal ileum with

abnormally elevated glucose metabolism, which was considered a

malignant lesion of the small intestine with multiple lymph node
FIGURE 1

Enhanced CT images of the abdomen at the time of initial diagnosis show uneven thickening of the terminal ileum wall. Coronal section (A) and
transverse section (B, C).
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metastases in the abdominal cavity. Then, a puncture aspiration

biopsy of the abdominal neoplasm was performed on 3 December

2020. Immunohistochemistry (IHC) showed CD99 (+), vimentin

(+), S-100 (+), CD117 (+), partial non-specific enolase (NSE)

weakness (+), TdT (−), TTF-1 (−), CgA (−), and WT-1 (−).

Fluorescence in situ hybridization (FISH) molecular assay

revealed the presence of EWSR1 gene disruption. With

immunohistochemical and molecular results combined, Ewing

sarcoma was confirmed (4).

For further treatment, the patient presented to the oncology

department of our hospital on 9 December 2020. We did a

preliminary evaluation of the patient. On physical exam, he was

lucid, generally in good condition, and without fever, and his vital

signs were within the normal range. Cardiopulmonary and

abdominal examination showed no obvious abnormalities.

Laboratory results showed white blood cells 6.4 × 109/L, red

blood cells 4.73 × 1012/L, hemoglobin 93 g/L, and platelets 301 ×

109/L. Liver and kidney function was normal. Tumor markers were

normal except for carbohydrate antigen 125 (45.1 U/ml), which was

slightly elevated. Since PCT is not routinely required, we did not

initially test for it. Based on the surgeon’s consultation, we decided

to administer chemotherapy first, closely review it during

chemotherapy, and then change the treatment measures

according to the evolution of the disease. According to the

National Comprehensive Cancer Network (NCCN) guidelines, we

selected the standard first-line treatment includes chemotherapy

with a five-drug regimen of vincristine, Adriamycin, and

cyclophosphamide, and alternating ifosfamide and etoposide

(VAC/IE) for the patient with this tumor and began on the

second day of hospitalization. On 9 February 2021, the patient

had a sudden high fever without obvious causes outside the

hospital. The auxiliary examination at the local hospital showed

no abnormalities in blood routine, C-reactive protein (CRP), and

blood culture. Also, the CT showed no signs of abscess or infection.

Only PCT levels were shockingly over 200 ng/ml. To determine the

cause of the fever, peripherally inserted central catheter (PICC)

tubes were removed for culture. As in the blood culture, no

pathogenic bacteria were found. After 8 days of treatment with

ceftazidime and levofloxacin at the local hospital, the patient’s

temperature returned to normal and without any abnormal clinical

symptoms or signs. However, the PCT levels were still over 200 ng/

ml. Over the next 3 months or so, several imaging reviews were
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performed, and there was no finding of infection. Meanwhile, the

efficacy assessment was stable disease (SD). During the same

period, the PCT level was repeatedly reviewed also, with no

exception, always over 200 ng/ml. In addition, other infection

indicators were normal as usual, including CRP less than 5 mg/L

each time, serum amyloid A (SAA) less than 4.8 mg/L each time,

and white blood cells approximately 5 × 109/L each time. The

patient no longer had a fever or any discomfort.

On 6 May 2021, the patient returned to our hospital again for

efficacy evaluation. Up to now, he has completed six cycles of

chemotherapy of the five-drug regimen of VAC/IE. The enhanced

magnetic resonance imaging (MRI) of his abdomen still indicates

SD. Combined with the consultation opinions of gastrointestinal

surgery and repeated film review, it was found that there is no

engulfment of vessels of each lesion including lymph nodes, so it was

considered that the abdominal mass could be removed. For the

record, the PCT level at this time is still greater than 200 ng/ml.

Other routine laboratory findings include white blood cells 5.29 ×

109/L, red blood cells 3.87 × 109/L, hemoglobin 100 g/L, and

platelets 243 × 109/L. Serum creatinine and transaminase were

normal, and serum albumin and serum calcium levels were

normal. The patient had no fever or discomfort. After the

exclusion of surgery-related contraindications, the patient

underwent abdominal mass resection smoothly on 14 May 2021.

Ewing sarcoma was diagnosed again by postoperative pathology.

Immunohistochemistry showed CD99 (+), S-100 partial (+), CK

minority (+), P53 partial weak (+), Syn minority (+), Ki67

approximately 60% (+), and CgA (−). Molecular assay (FISH)

showed positive EWSR1 gene disruption (Figure 2). Unexpectedly,

laboratory examination revealed 2.80 ng/mL of PCT on the first

postoperative day, and there were no other special abnormalities

except for a certain degree of increase in the white blood cells (17.35

× 109/L), which was considered a normal postoperative change.

Stunningly high levels of PCT, which lasted nearly 100 days in the

absence of infection, dropped almost a hundredfold after one

operation (Figure 3).

After approximately 0.5 months, we received the gene test report

of the patient’s tumor specimen and peripheral blood based on the

detection method of 520-gene panel next-generation sequencing

(NGS). The results showed EWSR–ERG gene rearrangement

(fusion). After this operation (Figure 4), the patient regularly

returned to the hospital for postoperative adjuvant chemotherapy
FIGURE 2

Pathological image of surgical specimens. (A) H&E. (B) CD99. (C) Detection of EWSR1 gene disruption by FISH. The probe type: Vysis LSI EWSR1 Probe
(LOT 455960). Result of the patient’s EWSR1 gene disruption test: positive (count 200 cells, approximately 90% show separation signal). FISH,
fluorescence in situ hybridization.
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with a two-drug regimen consisting of albumin-bound paclitaxel and

gemcitabine. The efficacy assessment during each review was the

status of no evidence of disease (NED). In addition, it cannot be

ignored that the PCT level did not rise anymore. It never went above

0.5 ng/ml again. Until now, in March 2022, the patient still presents to

our hospital for re-examination to monitor the change of the disease.

Finally, we reiterate that we have the patient’s oral and written

consent, which could confirm that the investigators obtained

informed consent to publish information and images from

the participant.
3 Discussion

At this point, we might marvel at the rarity of this case.

Epidemiologically, the patient with Ewing sarcoma was a 51-year-

old middle-aged Asian man, not a child or teenager of European

descent (24–26). In terms of location, the tumor is of soft tissue origin

rather than bone, not to mention trunk or long bone (1, 4). Based on

cytogenetic and molecular genetic information, it is EWSR1–ERG
Frontiers in Oncology 04304
that drives epigenetic reprogramming, rather than EWSR1–FLI1, the

most common fusion protein, which accounts for 85% (4, 25).

The intimate connection between PCT and infection was first

discovered by French oncologist Dr. Bohuon during the Gulf War in

1991. After more than 30 years of clinical verification, the diagnostic

significance of PCT has been beyond doubt. Its serum level in healthy

adults is usually no more than 0.05 ng/ml, while, when exposed to

bacterial infection, PCT usually rises within 2–6 h, but there is little

change when exposed to viral infection (27–29). Thus, it has long

been reported that PCT exhibits advantages over conventional

parameters in distinguishing between bacterial and viral

infections (30).

PCT elevation was associated with malignant tumor progression,

which was unknown. There has been no report of PCT’s role in the

prognosis of Ewing sarcoma. The previous study showed that the

presence of a neuroendocrine component remained strongly associated

with a positive PCT and unfavorable prognosis (31, 32). Here, we

reported that the case might have a high tumor burden and poor

prognosis with a high PCT level. After resection, the PCT level quickly

decreased, meaning that sarcoma has a component of neuroendocrine,

as Ewing sarcoma is derived from the neuroectoderm.

Moreover, we identified one and only one case of PCT high

expression in another type of sarcoma, undifferentiated pleomorphic

sarcoma (UPS), in the medical literature database (33). As in our case,

after the exclusion of all potential sources of infection, it was

speculated that the cause of the patient’s elevated PCT was most

likely secondary to malignancy. This somewhat extends the

availability and traceability of our case report, although PCT levels

were only mildly elevated in others’ reports, and there was no decrease

in PCT levels caused by surgical intervention. At present, there are

few reports regarding Ewing sarcoma (or sarcoma) and PCT. More

comparable cases should be collected and discussed in the future to

bring new enlightenment and increase the application value of PCT.

In conclusion, the presentation of our case is intended to inspire

future readers that, in addition to several tumor diseases that have

been reported, in the absence of infection, high levels of PCT can be

present persistently in Ewing sarcoma, although PCT has its
FIGURE 3

The trend of procalcitonin levels was from abnormally elevated initially
to nearly normal after surgical resection.
FIGURE 4

Preoperative and postoperative contrast-enhanced MRI of the abdomen. Preoperative (A) coronal and (C) transverse sections. Postoperative (B) coronal
and (D) transverse sections.
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specificity. At the same time, we highlighted the reduction of PCT due

to tumor resection. This helps to broaden the significance of PCT in

Ewing sarcoma. In contrast, in the absence of obvious bacterial

infection, Ewing sarcoma should be included in the differential

diagnosis of significantly elevated PCT, according to our experience.
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Background: Cystic lymphangioma is a rare benign tumor of the lymphatic system,
which is most commonly observed in the neck, head and armpit.Less than 5% of
lymphangiomas occur in the abdominal cavity and even less in the retroperitoneum.
Case description: A 65-year-old male patient was diagnosed with an “abdominal
mass that had persisted for 1 year, accompanied by abdominal pain, abdominal
distension and dyspnea for 7 days”. After abdominal computerd tomography, a giant
multilobed abdominal lymphangioma was suspected, which squeezed the intestinal
canal and was closely related to the inferior vena cava. The patient underwent an
exploratory laparotomy, during which, it was found that the tumor formed extensive
adhesions to the transverse colon, small intestine and pelvic wall, and enveloped
the abdominal aorta, superior mesenteric artery, inferior mesenteric artery and
inferior vena cava to varying degrees. It was diffcult to remove the cyst completely.
Postoperative pathology confirmed the diagnosis of retroperitoneal cystic
lymphangioma. The patient recovered well after the operation, was eating normally
by 5 days postoperatively,and was discharged 10 days postoperatively.The patient
was followed up 1 month after postoperatively and no evidence of recurrence was
observed.
Conclusion: In this case, we report a patient with giant retroperitoneal cystic
lymphangioma who underwent exploratory laparotomy combined with preoperative
abdominal computerd tomography and acute abdominal pain, abdominal distension
and dyspnea. Because of the large volume of the tumor and its close relationship
with the superior mesenteric artery and other blood vessels, the surgeon used
scissors to separate the tumor sharply and removed the whole tumor completely.

KEYWORDS

cystic lymphangioma, retroperitoneal tumor, surgical resection, case report, literature review

Introduction

Cystic lymphangioma is a non-cancerous vascular malformed conjunctival tumor consisting

of thin-walled cysts. It is a rare benign tumor, which is most commonly observed in the neck,

head,and armpit, while >5% of lymphangiomas occur in the abdominal cavity, including the

mesentery and the greater omentum.The occurrence in the retroperitoneum is even rarer.

Although cystic lymphangioma can occur at any age, it is mainly observed in children, in

whom the prognosis is good (1, 2). In adults, cystic lymphangiomas account for

approximately 7% of abdominal cysts (3). Retroperitoneal cystic lymphangioma is usually

asymptomatic, but in some cases it is characterized by acute abdominal pain and distension

caused by nausea, vomiting or intestinal obstruction. The tumor can be identified by imaging

examinations such as ultrasound and computed tomography (CT), however histopathological

examination remains the gold standard. Complete surgical resection of the tumor is the first

choice for treatment (4–6). Here, we report the clinical features, diagnosis, treatment and
01 frontiersin.org
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prognosis of a giant retroperitoneal cystic lymphangioma in a 63-

year-old male patient. And this study is in accordance with the

principles of CARE guidelines (7).
Case description

The patient, a 65-year-old man, was diagnosed with abdominal

swelling that had persisted for 1 year,and was accompanied by

abdominal pain, abdominal distension and dyspnea for 7 days.

A year prior, the patient found an"abdominal cystic mass

(approximately 25 cm × 1.6 cm × 22 cm)” and attended an other

hospital. He was admitted to the local hospital 7days prior due to

sudden intermittent diffuse abdominal pain with abdominal

distension, dyspnea, no fever, nausea, and vomiting. Abdominal

CT suggested an “abdominal mass and intestinal obstruction”, and

the symptoms did not improve. The patient was admitted to the

hospital for further diagnosis and treatment. The patient had had

hypertension for 10 years and regularly took levamlodipine

besylate tablets for 5 mg/days,which controlled his blood pressure

within the normal range. A cardiac stent operation was performed

4 months prior because of myocardial infarction. Physical

examination showed: no obvious heart abnormalities,although

shortness of breath, obvious abdominal swelling, frog belly, no

gastrointestinal type and peristaltic wave were noted,as well as a

large mass that could be felt asoccupying most of the abdominal

cavity. Regarding tumor markers: CA125:65.47 U/ml (reference

value < 35 U/ml), other tumor markers were not abnormal.

Abdominal enhanced CT: huge cystic space in the pelvis and

abdominal cavity, with an irregular shape, linear septum,

(approximately 24.2 cm × 16.7 cm × 27.8 cm), extending along the

mesentery of the small intestine (Figures 1A–D). In contrast-

enhanced scan, the cystic components were not enhanced, the

septum was uniformly enhanced, the intestinal canal was displaced

laterally under pressure (Figures 1A, Magi B), and the inferior

vena cava was narrowed (Figure 1C). The preliminary diagnosis of

the nature of abdominal mass pending diagnosis: cystic

lymphangioma? An exploratory laparotomy was performed,during

which a large cystic mass of approxmately 30 × 28 × 14 cm was
FIGURE 1

Abdominal enhanced CT axial arterial phase (A), coronary arterial phase (B),
retroperitoneal cystic mass (white solid arrow), extending along the mesentery
and the inferior vena cava (B) (red solid arrow).
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observed retroperitoneally. The surface of the mass was smooth,

white and red, with a light yellow exudate on the surface. The

tumor formed extensive adhesion with the transverse colon, small

intestine and pelvic wall, and enveloped the abdominal aorta,

superior mesenteric artery, inferior mesenteric artery and inferior

vena cava to varying degrees. We decided to surgically remove the

cystic mass completely (Figure 2). Postoperative pathology:

microscopically, necrosis and protein exudation in the cystic cavity,

chronic inflammation with inflammatory granulation, obvious

proliferation of interstitial vessels and fibrous tissue, scattered in

clusters of smooth muscle bundles and more inflammatory cells,

and occasional giant cells, as well as proliferation of small

lymphatic vessels outside the cyst wall, consistent with cystic

lymphangioma with chronic inflammation (Figures 3A,B).

The patient recovered well and could eat normally 5 days

postoperatively. The patient was discharged 10 days after the

surgery,at which point,he was in a good condition, with no pain or

complications. In the initial recovery stage, he was advised to

ingest high-quality protein that was easily absorbed and high in

nutrition,and to avoid high-fat, high-fiber, indigestible and

absorbed food, The patient was subjected to, regular re-

examination and follow-up.
Discussion

Cystic lymphangioma usually occurs in the head, neck and

armpit, mostly in children, with no sex-related difference in

incidence. Intraperitoneal lymphangioma is a rare intra-abdominal

tumor. Less than 5% of lymphangiomas occur in the abdominal

cavity, and the incidence of retroperitoneal tumors is even lower

(1, 2). The etiology of cystic lymphangioma is unclear, and

infection, lymphatic obstruction and surgery may be associated

factors (8). According to the histological type, cystic

lymphangioma can be divided into cystic, capillary and

cavernous.Likewise, based on its clinical manifestations, it can be

divided into macrocytic, microencapsulated, and mixed cysts.

Microcapsules can be further subdivided into developing-cell

microcapsules and closed-cell microcapsules based on whether the
axial venous phase (C),and sagittal arterial phase (D) CT images show a
to 24 cm. The tumor oppresses the surrounding intestine (blue solid arrow)
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FIGURE 2

Image of the gross specimen.

FIGURE 3

Necrosis and protein exudation in the cystic cavity, obvious proliferation of interstitial vessels and fibrous tissue, cystic lymphatic cavities of different sizes with
inflammatory lymphocyte infiltration and lymphoid nodules; (A) hematoxylin and eosin (HE) × 40, scale 500 μm; (B) HE × 100, scale 200 μm.

Su et al. 10.3389/fsurg.2023.1074067
cells are open or not (9).Here, we report a case of retroperitoneal

giant cyst lymphangioma, which is consistent with other reports

suggesting that the most common retroperitoneal lymphangioma is

cystic type (10).

The clinical manifestations of retroperitoneal cystic

lymphangioma are non specific and are related to the size and

location of the tumor and the location of the surrounding tissues
Frontiers in Surgery 03
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and organs, which makes diagnosis challenging. Initially, the tumor

is small but asymptomatic; with the growth of the tumor, nausea,

vomiting, abdominal pain and abdominal distension may occur

due to compression of the abdominal organs, and in severe cases,

acute abdominal pain and intestinal obstruction may even cause

rupture, infection, bleeding and torsion of related organs and

tissues (11–13). In the current case, abdominal contrast-enhanced
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CT showed a huge retroperitoneal cystic mass, which occupied most

of the abdominal cavity and pelvic cavity and squeezed the small

intestine, resulting in abdominal pain, abdominal distension,

dyspnea and other symptoms, and was admitted as “abdominal

mass, intestinal obstruction”. Cystic lymphangioma should be

differentiated from abdominal lymphoma, mesenteric cyst,

secondary metastasis of a malignant tumor, tuberculosis,

echinococcosis, small intestinal adenocarcinoma and mesenteric

related tumors (14). Imaging examination plays an important role

in the diagnosis of retroperitoneal cystic lymphangioma.

Ultrasound has a unique advantage in showing the size, location,

content and boundary of the cyst. However, when there is

hemorrhage and necrosis in the capsule, the echo of the contents

will produce some changes, which will affect the judgment.

Abdominal enhanced CT is the first choice.Abdominal enhanced

CT can be used to observe the density of the tumor to determine

the relationship with the surrounding tissue, blood vessels and

organs, which can distinguish retroperitoneal lymphangioma from

intraperitoneal lymphangioma. Magnetic resonance(MRI) is more

sensitive in showing intra-cyst bleeding and content (15–17).

However, a final diagnosis still requires pathological biopsy, which

is characterized by abnormally dilated lymphatic vessels lined with

flat endothelial cells with smooth muscle, blood vessels, fat and

lymphatic matrix (18). CT was considered as cystic lymphangioma,

and the final diagnosis was confirmed by postoperative pathology.

Without intervention, the volume of cystic lymphangioma will

gradually increase, thus oppressing adjacent tissues, blood vessels,

nerves, organs and so on, resulting in related complications (19).

In our case, the volume increased by about 13 times over a year,

leading to the occurrence of this symptom. Surgical resection of

tumor is the first choice for the treatment of retroperitoneal

lymphangioma. during the operation, attention should be paid to

the relationship between tumor and surrounding tissue, blood

vessels, nerves and organs, so as to remove the tumor completely

and reduce the postoperative recurrence rate (20, 21). Recently

some methods of nonsurgical treatment have emerged. Among

them, sclerotherapy is the most commonly used alternative therapy

for lymphangiomas that cannot be completely resected or

diagnosed as difficult to operate. When compared with surgical

resection, sclerotherapy has the advantages of being simple and

causing less injury. Besides, several studies have reported that

sclerosing agents can effectively treat large cystic lymphangioma,

even though their curative effect on microcystic lymphangioma is

much lower (22–24). Examples of such common hardeners include

OK-432, doxycycline, bleomycin, and ethanol. Notably, OK-432

sclerotherapy can not only induce and activate leukocytes to

produce cytokines, which in turn increase endothelial cell

permeability, accelerate the speed and flow of lymphatic drainage,

and facilitate lymphangioma cystic cavity shrinkage and lesion

regression, but also reduce complications and focal fibrosis, making

it a promising alternative to surgery, especially for patients with

microcystic lymphangioma (25, 26). However, sclerotherapy has

been reported to cause some adverse reactions, such as airway

obstruction and skin necrosis. Therefore, the effectiveness of

sclerotherapy needs to be further evaluated (27, 28). Another

notable method is radiofrequency ablation, which destroys diseased

tissues at low temperatures while causing less damage to the
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surrounding tissues. Presently, radiofrequency ablation is the first

choice of treatment for treating oral and pharynx microcystic

lymphangioma (29, 30). Some studies have also shown that

radiofrequency ablation is an effective method for the treatment of

superficial microcystic lymphangioma; however, further

development and research are needed to better apply it for the

treatment of microcystic lymphangioma found in other body parts.

Although the above-mentioned methods have greatly helped in

the treatment of lymphangioma, clinicians still find it difficult to

obtain optimal results for lymphangiomas with large lesion areas

and invasive growth. Importantly, recent studies have shown the

efficacy of several drugs in the treatment of lymphangioma, and

some of these drugs have been used in treating patients with

lymphangiomas, such as sildenafil, propranolol,sirolimus, and

several inhibitors targeting the PI3K/AKT/mTOR signaling

pathway (PI3K inhibitors, AKT inhibitors, MAPK inhibitors,

sorafenib, etc.) (31, 32). However, some studies have demonstrated

that sildenafil is not effective in the treatment of microcystic

lymphangioma, whereas sirolimus has been demonstrated to have

good efficacy in the treatment of microcystic lymphangioma and

may become the focus of future research. In addition, studies have

also shown that BMP and Wnt modulators, calcium channel

blockers, and KATP activators (minoxidil) may also have some

therapeutic potential (33).

Since a single treatment cannot achieve satisfactory results,

clinicians are encouraged to use multiple methods of combined

therapy. Consequently, surgical resection, as the main treatment,

can be used to remove a significant volume of large cystic lesions,

while the remaining diseased tissues can be treated with

sclerotherapy. For instance, bleomycin is currently used in the

treatment of residual small cystic diseases and has achieved some

efficacy (34). However, sometimes lymphangiomas may require

several rounds of sclerotherapy. For tumors that are large or widely

enclosed and have invaded their surrounding tissues, blood vessels,

and nerves, drugs or sclerotherapy can be taken first to reduce the

size of the lesions before resecting them through surgery.

Alternatively, postoperative sclerotherapy, drugs, radiofrequency

ablation, and other combined therapy can be used. Unfortunately,

there are currently no unified guidelines for the diagnosis and

treatment of lymphangiomas, and further verification is still needed.

We provided a case report and on the basis of literature review,

retroperitoneal cystic lymphangioma was investigated.PubMed was

searched using these key words: (“Lymphangioma, Cystic”

or “Cystic Lymphangioma” or “Cystic Lymphangiomas” or

“Lymphangiomas, Cystic” or “Hygroma” or “Hygromas, Cystic” or

“Cystic Hygroma Colli” or “Colli, Cystic Hygroma” or “Hygroma

Colli, Cystic” or “Hygroma” or “Hygromas”) and (“Retroperitoneal

Space” or “Retroperitoneal Neoplasms” or “Retroperitoneal

Fibrosis”). Key words referred to medical subject heading (MeSH).

And the search terms used on PubMed were: (([“Lymphangioma,

Cystic"(Mesh)] OR ((((((((((([Cystic Lymphangioma(Title/

Abstract)] OR [Cystic Lymphangiomas(Title/Abstract)]) OR

[Lymphangiomas, Cystic(Title/Abstract)]) OR [Hygroma, Cystic(Title/

Abstract)]) OR [Cystic Hygroma(Title/Abstract)]) OR [Cystic

Hygromas(Title/Abstract)]) OR [Hygromas, Cystic(Title/Abstract)]) OR

[Cystic Hygroma Colli(Title/Abstract)]) OR [Colli, Cystic Hygroma

(Title/Abstract)]) OR [Hygroma Colli, Cystic(Title/Abstract)]) OR
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[Hygroma(Title/Abstract)]) OR [Hygromas(Title/Abstract)]))) AND

([Retroperitoneal(Title/Abstract)] OR ((([“ Retroperitoneal

Space"(Mesh)] OR “Retroperitoneal Neoplasms"[Mesh]) OR

“Retroperitoneal Fibrosis"[Mesh]))).

We systematically reviewed the studies returned from the

literature searches.The inclusion criteria were as follows: (I)

retroperitoneal cystic lymphangioma; (II) over 18 years old; (III)

full text; (IV) manuscripts written in English. Studies were

excluded for any of the following: (I) the study was a review,

meeting abstract, non-clinical study, or in vitro study; (II)

inferior quality literature or with insufficient outcome

indicators; (III) The lesion is not retroperitoneal. Each abstract
TABLE 1 Characteristics of the adult cases of retroperitoneal cystic lymphangio

Auther References
No.

No.
Patients

Open/Laparoscopy/
Conservative

M
Fe

Shayesteh et al. (35) 1 1/0/0

Dunev et al. (36) 1 1/0/0

Nuzzo et al. (37) 2 2/0/0

Saadi et al. (38) 5 5/0/0

Lim et al. (39) 1 1/0/0

Kodera et al. (40) 1 1/0/0

Cherk et al. (41) 1 1/0/0

Bhavsar et al. (42) 1 1/0/0

Aminian et al. (43) 1 1/0/0

Lai et al. (44) 1 0/1/0

Liedtke et al. (45) 1 1/0/0

Kalish et al. (46) 1 1/0/0

Suhani et al. (47) 1 1/0/0

Tripathi et al. (48) 1 1/0/0

Sato et al. (49) 1 0/1/0

Chaker et al. (50) 1 1/0/0

Olaoye et al. (51) 1 1/0/0

Rezaee et al. (52) 1 0/1/0

Black et al. (53) 1 0/1/0

Hubli et al. (54) 1 1/0/0

Rajput et al. (55) 1 1/0/0

Kasza et al. (56) 1 0/1/0

Izumi et al. (57) 1 0/1/0

Ionescu et al. (58) 1 1/0/0

Tsukamoto
et al.

(59) 1 0/1/0

Mabrouk et al. (60) 1 1/0/0

Suryawan et al. (61) 1 0/1/0

Chung et al. (62) 1 1/0/0

Colovic et al. (63) 1 0/1/0

Surgery (open, laparoscopy); No. patients, number of patients; NP, not precised.
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is carefully reviewed by two different authors (SS and DS). We

conducted a systematic review of 240 records and finally

included 29 articles involving 34 cases. Detailed

characteristics of the reported cases are provided in

supplemental (Table 1) (35–63). We made the statistics on the

above date.There were 21 males and 13 females, aged from 25 to

76 years old, with an average age of 45.82 years old. 25 cases

underwent laparotomy and 9 cases underwent laparoscopic

surgery. The average diameter of tumor was 13.44 cm. Among

the 34 patients, 1 case had postoperative complications, 20 cases

had no postoperative complications, and the other 14 cases had

no related data.
ma reported in the literature.

ale/
male

Age years
(Means)

Tumer Size (cm)
(Means)

Follow-up
(mo)

Recurrence

0/1 29 29 NP NP

0/1 35 18.5 NP NP

2/0 61.5 17.5 15 0

1/4 45 14 32.6 0

1/0 74 9 NP NP

0/1 39 5.5 24 0

0/1 41 9 30 0

1/0 54 12.2 NP NP

1/0 50 NP NP NP

1/0 47 5 NP 0

1/0 61 19 3 0

1/0 22 14 NP NP

0/1 22 22 NP NP

1/0 55 15 12 0

0/1 30 5 24 0

1/0 68 4 50 0

1/0 20 NP 36 0

1/0 27 12.6 1 0

1/0 66 5 1 0

1/0 36 40 9 0

1/0 65 10 1 0

1/0 52 9.6 9 0

0/1 76 18 NP 1

1/0 31 14.4 NP NP

0/1 36 10 12 0

1/0 70 19.5 6 0

1/0 22 9.4 6 0

1/0 56 4.5 0.3 0

0/1 26 5 6 0
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Compared with the case reports in the existing literature, our

case was first found during the physical examination a year ago,

and the patient himself did not have obvious symptoms of

discomfort, so there was no follow-up treatment. Preoperative

abdominal contrast-enhanced CT showed that the case was a

huge retroperitoneal cystic mass of approximately 24.2 cm ×

16.7 cm × 27.8 cm. Up to the lower edge of the pancreas, down

to the peritoneal reflex, left and right to the two abdominal

walls, anterior to the anterior abdominal wall, and back to the

front of the spinal lamina, occupying most of the abdominal

cavity and pelvic cavity, squeezing the small intestine and

oppressing the inferior vena cava. The nature can not be clear,

consider the possibility of benign, but do not rule out the

possibility of malignant. This time, due to the increase in the

size of the cyst, it oppresses the surrounding intestines, causing

the diaphragm to move upward, and some cysts rupture and

bleeding, which irritates the intestinal tract, resulting in acute

abdominal pain, abdominal distension, intestinal obstruction

and dyspnea. Because of the critical condition, we decided to

carry out exploratory laparotomy. During the operation, a huge

retroperitoneal cystic mass was seen, which almost occupied the

whole abdominal cavity and pelvic cavity. We found that the

tumor was closely wrapped and adhered to the abdominal

aorta, superior mesenteric artery, inferior mesenteric artery,

inferior vena cava and other blood vessels, and pressed the

surrounding intestinal lumen. Part of the tumor ruptured and

bleeding could be seen on the surface. As the nature of the

tumor was not clear, we decided to remove the tumor as

completely as possible. The surgeon uses scissors to

separate carefully and sharply to minimize the rupture and

bleeding of the tumor and blood vessels. Accurate and

meticulous operation during sharp separation of enclosing and

adherent blood vessels to reduce the risk of hemorrhagic shock.

When the tumor is completely removed, it is removed slowly to

avoid sharp fluctuations in blood pressure. The patient

recovered well after operation and was discharged smoothly 10

days later.

However, there are still some areas that need to be improved in

our program. for example, in this operation, we can first extract

the contents of the cyst to reduce the volume of the tumor, reduce

the difficulty of the operation, and shorten the duration of the

operation. it may make the patient recover faster and better.

Secondly, we only use a single surgical resection, sometimes can

not achieve satisfactory results, we should use a variety of methods

combined treatment, surgical resection as the main treatment, and

the remaining lesions can be treated with sclerotherapy. in

addition, for invasive and recurrent people, targeted therapy is also

essential.

The purpose of this case is to share our process of

diagnosis and treatment of this rare abdominal cystic mass,

and to provide some help for relevant people, institutions

and fields, but the combined treatment of cystic lymphangioma

is still lack of unified understanding. we still need to further

explore.
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Conclusion

In this case, we report a patient with giant retroperitoneal cystic

lymphangioma who underwent exploratory laparotomy combined

with preoperative abdominal CT and acute abdominal pain,

abdominal distension and dyspnea. Because of the large volume of

the tumor and its close relationship with the superior mesenteric

artery and other blood vessels, the surgeon used scissors to

separate the tumor sharply and removed the whole tumor

completely.
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Introduction: Paragangliomas of the gallbladder are exceptionally rare. To

date, only a few cases of this disease have been reported globally, and the

majority were found incidentally during surgery. Although complete resection

can achieve a curative effect, specific targeted drugs may have survival benefits

for patients with potential recurrence and metastasis risks.

Case presentation: A 48-year-old woman was scheduled for anatomical

central hepatectomy due to the discovery of a liver mass. Surprisingly, a

gallbladder tumor accompanied by intrahepatic invasion was found rather

than primary liver lesions during the operation. Postoperatively, the lesion

was confirmed to be a paraganglioma originating from the gallbladder with

intrahepatic invasion detectable on histopathology. After surgery, the patient

was treated with a new targeted drug, surufatinib {200 mg, q.d. [quaque die

(every day)]}, and no recurrence was observed during the regular follow-up.

Discussion: Gallbladder paraganglioma is rare and occult, and surgeons do not

know it well, so it is easily misdiagnosed before surgery. Postoperative

pathological examination is the gold standard for diagnosis.

Conclusion: Given that the tumor contained abundant blood sinuses, the early

and continuous enhancement of dynamic enhanced CT scanning was its

characteristic manifestation. We presented a case in which a primary

gallbladder paraganglioma was identified accidentally in a patient who was

misdiagnosed with a liver lesion before surgery. Based on our experience in this

work, the en bloc resection technique in combination with surufatinib might

have a survival benefit to patients at risk of potential recurrence or metastasis;

however, further follow-up observations are needed.

KEYWORDS

gallbladder paraganglioma, neuroendocrine neoplasms (NENs), immunohistochemistry,
differential diagnosis, surufatinib
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Introduction

In recent years, compared with other solid tumors, the

incidence rate of neuroendocrine neoplasms (NENs) has

increased significantly. In general terms, NENs can be divided

into the following classifications: well-differentiated

neuroendocrine tumor (NET), poorly differentiated

neuroendocrine carcinoma (NEC), pheochromocytoma

(PHEO), and paraganglioma (PARA) (1). Paragangliomas are a

special type of NENs called neurogenic NENs, which originate

from the neural crest cells of the neuroectoderm. As a whole, they

form the so-called paraganglion system, including the adrenal

medulla and extra-adrenal neuroendocrine cell groups. Those

located in the adrenal medulla are called pheochromocytoma

and often produce a large amount of catecholamines (CA),

causing a series of clinical symptoms, such as high blood

pressure and metabolic alterations. Those located outside the

adrenal gland are called paragangliomas, which can further be

divided based on whether they arise from the sympathetic or

parasympathetic ganglia (2). Paragangliomas originating from

glossopharyngeal and vagal nerves distributed along the neck

and skull base usually do not produce CAs because they come

from the parasympathetic ganglia; instead, those from the

sympathetic nervous system are widely distributed from the

skull base to the pelvic floor, and have CA secretion functions,

which are also called sympathetic paragangliomas (3).

In terms of the symptoms and histological features of

“pheochromogenic reaction”, sympathetic paraganglioma is

closely related to pheochromocytoma. Given the similarities

between sympathetic paraganglioma and pheochromocytoma,

the treatment options are essentially the same (3).

Paraganglioma can occur in multiple locations on the body,

including multiple organs in the head and neck, and the

retroperitoneal and urinary systems (4). However, it is worth

noting that paraganglioma originating from the gallbladder is

extremely rare and has only been reported in a few articles to date,

most often after having been discovered incidentally during

surgery (5, 6). In this study, we share the case of an interesting

and complex patient with preoperatively diagnosed neoplasms in

the middle lobe of the liver and an intraoperative finding of a

gallbladder mass with a partial intrahepatic invasion rather than a

liver tumor. Postoperative pathology confirmed that it was a rare

paraganglioma of gallbladder origin. We hope that through a

detailed and thorough description of this case, colleagues in

hepatobiliary surgery can deepen their understanding of this

rare disease.
Case presentation

A 48-year-old woman was admitted with neoplasms in the

middle lobe of the liver, which were diagnosed by abdominal
Frontiers in Oncology 02
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ultrasonography. Abdominal enhanced computed tomography

(CT) showed a poorly defined low-density lesion in the middle

lobe of the liver (mainly located in the S4b and S5 segments),

which was significantly enhanced, and was suspected to be an

angiogenic liver tumor (Figure 1). Further examination revealed

that the levels of neuron-specific enolase (NSE) of the patient

were elevated (Figure 2B). Combined with her imaging

characteristics and our previous clinical experience (7), it was

determined that the lesion might be a liver neuroendocrine

tumor. The rest of the patient’s examination and laboratory

indicators were all normal, and no obvious abnormality was

found in the physical examination. Based on the above condition

analysis, our preoperative diagnosis was a centrally located liver

tumor and that a liver neuroendocrine neoplasm could not be

excluded. We planned to perform anatomical central

hepatectomy, namely a territory resection around the middle

hepatic vein (Figure 2A). During the operation we were

surprised by the discovery of a gallbladder tumor rather than

the liver lesion suggested by CT imaging (Figure 2C). Therefore,

we quickly adjusted the operative protocol and performed a

cholecystectomy, hepatoduodenal ligament lymph node

dissection, and partial hepatectomy (Figures 2E, F).

Meanwhile, the rapid frozen pathological examination during

the operation indicated that the margin of the cystic duct and

liver was negative. This unexpected intraoperative situation

triggered our profound reflection. After the operation, when

we reviewed the CT images of the patients again and combined

them with the intraoperative situation, we realized that this was

an extremely complex gallbladder tumor. The bottom and body

of the gallbladder had been filled with solid masses and

enhanced significantly, whereas the density of the neck of the

gallbladder was still normal (Figure 2D). As for the clear

enhancement of the liver around the gallbladder (i.e., what we

had mistaken for liver lesions before surgery), this was most

likely related to abnormal perfusion or the existence of an

arteriovenous fistula. Postoperative pathological analysis

revealed that the size of gallbladder lesion was about 6.0 cm ×

4.0 cm × 3.5 cm, which invaded the whole layer of gallbladder

wall and partly involved the adjacent liver tissue. Combined with

immunohistochemical staining, it was consistent with

paraganglioma of gallbladder. Microscopically, the lesion was

mainly located within the submucosa of the gallbladder. The

tumor cells were diffusely distributed in clusters, mainly

composed of principal cells and sustentacular cells. The chief

cells were mostly arranged in nests, forming a characteristic

“zellballen” architecture, and the cell clusters were filled with

blood sinuses (Figure 3). Further detailed immunohistochemical

analysis revealed that broad-spectrum pan-cytokeratin (CK-

pan) antibody staining was negative, which means that the

tumor originated from non-epithelial tissue. Chromogranin A

(CgA), neuron-specific enolase (NSE), and synaptophysin (Syn),

three important neuroendocrine markers, were all positive; S-

100 highlighted surrounding sustentacular cells, and the Ki-67
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proliferation index of tumor cells was 10% (Figure 4). To further

exclude metastatic paraganglioma, the patient underwent a post-

operative systemic positron emission tomography-computed

tomography [specifically 18F-FDG (fluorodeoxyglucose F 18)

PET-CT] scanning, which revealed no other hypermetabolic

lesions. Collectively, the final diagnosis was primary gallbladder

paraganglioma with partial liver invasion. In view of the

abundant blood supply of the tumor and its potential for

malignancy, we recommended that the patient take

surufatinib, a new oral tyrosine kinase inhibitor developed

completely independently in China at 1 month after surgery.

Surufatinib has dual anti-angiogenic and immunomodulatory

activity, and has been shown to be effective in clinical trials in

non-pancreatic neuroendocrine tumor patients. We regularly
Frontiers in Oncology 03
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followed up with the patient for half a year; her general condition

was fine. Serum NSE levels showed a continuous downward

trend (Figure 2B), and no obvious abnormality was found in

biochemical tests and imaging examinations.
Discussion

Paragangliomas are neoplasms originating from the

paraganglia, which develop from neural crest cells and form

the scattered nerve endocrine system around or within the

autonomic nervous system, which extends from the skull base

to the pelvic floor. In general, paragangliomas in the adrenal

medulla are called pheochromocytoma, while those outside the
FIGURE 1

Abdominal enhanced CT manifestations of the lesions in the liver. (A1–3) On a plain CT scan, a poorly defined low-density lesion could be seen
in the S4b and S5 segments of the liver. In the arterial phase (B1–3) and venous phase (C1–3) of a contrast-enhanced CT scan, the lesions
showed continuous and obvious enhancement, while in the delayed phase (D1–3) the enhancement of the lesions decreased, and the density
was similar to that of the normal liver, as shown by the black arrow.
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adrenal gland are designated extra-adrenal paragangliomas, also

known as neurogenic NENs (2). Extra-adrenal paragangliomas

are common in the body of the carotid artery or the bulb of the

jugular vein, and, occasionally, occur in the bladder, prostate,

and cauda equina; primary gallbladder paragangliomas are very

rare in clinical practice (6). Theoretically, primary gallbladder

paragangliomas arise from the migration of the hepatic plexus

paraganglioma, which innervates the gallbladder, and is formed

by sympathetic and parasympathetic fibers of the left vagus and

celiac plexus (8).

At present, we still know very little about primary

gallbladder paragangliomas. Since the first report of a

gallbladder paraganglioma by Miller et al. in 1972 (9), the

literature on gallbladder paraganglioma has been very limited,

consisting entirely of case reports (Table 1) (5–7, 10–19). To our

knowledge, our case is the largest tumor in all the current reports

of the disease, and the pathology showed that it was

accompanied by adjacent liver invasion, showing a certain

degree of aggressiveness. Owing to the lack of typical clinical

symptoms, some of these cases were found accidentally during

cholecystectomy, and the others were due to the occurrence of

accompanying symptoms or complications, such as right upper

abdominal colic, obstructive jaundice, and bleeding. By

reviewing these case reports, combined with our experience,

we found that some of the clinical characteristics of primary

gallbladder paraganglioma are as follows: (1) the patients were
Frontiers in Oncology 04
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predominantly middle-aged women; (2) most patients lacked

typical clinical symptoms and signs; (3) the CT scan of the lesion

usually showed a soft tissue density mass with a clear boundary

in the gallbladder, a small volume, and no obvious thickening

and invasion of the surrounding gallbladder wall; (4) because the

tumor contained abundant blood sinuses, most of them showed

obvious enhancement in the early phase, the degree of

enhancement could be close to the blood pool, the portal

phase continued to enhance, and the delayed phase subsided;

(5) the patients’ serum NSE level may be elevated (at least in this

case study); and (6) most of the tumors were located in the

subserous layer of the gallbladder. It should be pointed out that

these lesions still need to be differentiated from gallbladder

polyps and mass-type gallbladder carcinoma. Gallbladder

polyps are small and frequent, and the maximum diameter of

the lesions is more than 1cm. Mass-type gallbladder carcinoma

could also be manifested as a heterogeneous hyperenhancing

soft-tissue mass, but often accompanied by necrosis, resulting in

morphological changes of the gallbladder and the thickening or

invasion of the gallbladder wall, but its degree of enhancement is

significantly lower than that of paraganglioma. Although

anatomical imaging for the precise localization of

pheochromocytomas/paragangliomas (PGLs) is crucial,

functional imaging is becoming an integral part of tumor

imaging, especially for patients with multiple metastases. It

was expected that patients with PHEO/PGL will benefit from
A

B

C D

E F

FIGURE 2

Preoperative planning and intraoperative status of patients. (A) According to the information from the two-dimensional enhanced CT image
before operation, the hepatic lesion, the operative path (the black dotted line), and the resection area (the yellow area) were reconstructed by
hand-drawing. (B) The tendency chart of NSE levels during patient follow-up. (C) Intraoperative gallbladder tumors (black arrow) and (D)
corresponding CT images (black arrow). (E) Section of resected gallbladder tumor and part of the liver tissue, as shown, the black arrows
indicate the gallbladder mass and the white arrow represents the liver tissue adjacent to the tumor (F) The wound condition after operation.
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the evaluation of functional characteristics of these tumors and

new image-based treatment schemes (20, 21).

A thorough and detailed pathological examination after the

operation was critically important for the diagnosis and

differential diagnosis of NENs. The difference between NETs/

NECs (neuroendocrine epithelial tumors) and PHEO/PARA

(neuroendocrine non-epithelial tumors) is that the former has

keratin expression, which was negative for spectral keratin in our

patient (1). Microscopically, paraganglioma has its characteristic

structure, which has the appearance of organoid “zellballen”

architecture. The major and most common cell types are oval

and granular chief cells, which are usually positive for CgA, NSE,

and SYN, and negative for cytokeratin. Another cell-type
Frontiers in Oncology 05
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component, which is usually less easily recognized in

Hematoxylin eosin (HE), is a supportive sustentacular cell;

usually presented as a fusiform hyperchromatic nucleus and

an ambiguous vacuolar cytoplasm, it can be detected by positive

immunostaining for S-100 (22). To sum up, pathological

examination is the gold standard for the diagnosis of

paraganglioma. Its characteristic immunohistochemical profile

(i.e., positive for SYN, CgA, NSE, and S-100, and negative for

cytokeratins) is helpful for the definite diagnosis and avoiding

potential diagnostic pitfalls.

Currently, it is commonly believed that about 35%–40% of

paragangliomas/pheochromocytomas (PPGLs) are genetically

related (8). Therefore, patients with a definite diagnosis of
FIGURE 3

The microscopic pathological structure of tumor tissue. (A) The tumor was mainly located in the submucosa of the gallbladder (black arrow).
(B) The white arrow shows normal liver tissue and the black arrow shows paragangliomas of the gallbladder tissue, in which tumor cells were
diffusely distributed in clusters. (C) The gallbladder wall, which is surrounded by tumor cells, was covered with simple columnar epithelium
structures (black arrow). (D) The paraganglioma demonstrated a characteristic zellballen architecture, rich in pink sinusoids inside (black arrow).
Parts E and F show the junction structure of the tumor with adjacent liver tissues, and normal liver tissues all expressed the epithelial-derived
markers Hepatocyto and CK-pan (white arrows), while non-epithelial paraganglioma tissue was negative (black arrows), which also indicated
some degree of tumor invasion of the liver tissue.
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PPGLs need to undergo pathogenic gene testing to determine

whether or not their PPGLs are hereditary. In the case we reported,

the patient did not have symptoms such as hypertension and

palpitation. On detailed inquiry, there was no history of a similar

condition in any family member. Because our hospital did not yet

have the resources for genetic testing, and because of the high levels

of COVID-19, the patient was unfortunately unable to undergo

genetic testing. Since the fourth edition of the WHO classification,

paragangliomas are no longer classified as benign and malignant

because both may have metastatic potential and there are no well-

defined features that can effectively predict metastatic behavior.

This view was maintained in the fifth edition of the WHO

bluebooks, which was published in 2022. Before recognizing that

all PPGLs have variable metastatic potential, academics tried to

develop multiple scoring or classification systems to predict

metastatic risk. Although these assessment models have some

predictive value, they lack universality and practicality.

Therefore, the 2022 WHO bluebook did not highly recommend

the metastatic risk assessment system of PPGLs (23).
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In light of the fact that extra-adrenal tumors are more

commonly clinically aggressive than adrenal tumors, and that

in this case the tumor partially invaded the liver, although we

had implemented a surgical scheme similar to the radical

resection of a gallbladder carcinoma, postoperative

recurrence problem is always a concern. As a new type of

oral tyrosine kinase inhibitor, independently developed in

China, surufatinib (24) has the dual activities of anti-

angiogenesis and immune regulation. Encouragingly, it has

shown good results in a Phase III clinical trial in China for

patients with advanced non-pancreatic neuroendocrine

tumors, solving the problem of patients with non-pancreatic

neuroendocrine tumors lacking effective drug treatments (25,

26). Therefore, at 1 month after surgery, we recommend that

the patient takes oral surufatinib to prevent the adverse

consequences of recurrence and metastasis. So far, the

patient from our case study has been followed up regularly

for more than 6 months, and was in good condition at time of

writing, with no signs of metastasis and recurrence.
FIGURE 4

Immunohistochemistry for the gallbladder paraganglioma. (A) The difference between neuroendocrine epithelial tumor (NET/NEC) and
neuroendocrine non-epithelial tumor (PHEO/PARA) is that the former expresses broad-spectrum pan-cytokeratin (CK-pan), which was negative
here, meaning that the tumor was of non-epithelial origin. (B–D) Traditional general neuroendocrine markers, including chromogranin A (CgA),
neuron-specific enolase (NSE), and synaptophysin (Syn), were all positive. (E) S-100 staining highlights surrounding sustentacular cells. (F) The
Ki-67 proliferation index of tumor cells was 10%. The typical positive expression of each marker in the figures is indicated by black arrows.
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Conclusion

In conclusion, primary paragangliomas of the gallbladder

are extremely rare in clinical settings and little is known about

them. High levels of vigilance towards preoperative imaging is

required for the detection of lesions that show significant and

persistent enhancement early on the enhanced CT within the

gallbladder. The characteristic immunohistochemical expression
Frontiers in Oncology 07
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profile and the detection of pathogenic genes are critically

important for diagnosis. In the era of targeted therapy,

surufatinib might be a more effective treatment option for

such tumors that have a risk of metastasis and recurrence,

although more high-grade, high-quality clinical studies are

needed to prove this in the future. We hope that through this

case, more doctors can deepen their understanding of this rare

disease and learn from our experiences and lessons.
TABLE 1 Summary of cases with paraganglioma of the gallbladder.

Case
no.

Source
year

Age
(years)/
sex

Clinical
manifestation

Imaging
characteristics

Size
(cm)

Location Associated findings Hormone
secretion

1 Miller (9),
1972

67/M Recurrent hematemesis Duodenal ulcer
next to scarred
duodenal bulb

3.0 NM Tumor bleeding
cholecystoduodenal fistula

NM

2 Wolff (10),
1973

32/F
52/F
59/F

Cholelithiasis
Cholelithiasis
Cholelithiasis

NM
NM
NM

NM
NM
NM

Subserosal
Subserosal
Subserosal

Chronic cholecystitis
Chronic cholecystitis
Chronic cholecystitis

NM
NM
NM

3 Kawabata (11),
1999

51/M
55/M

Hypochondralgia
Epigastralgia

Gallbladder stones
Hepatobiliary
lithiasis

0.5 ×
0.3
0.3 ×
0.2

Subserosal
Subserosal

Liver dysfunction
Chronic cholecystitis

NM

4 Hirano (12),
2000

58/F Right hypochondrial
pain

Lesion in the neck
of gallbladder

1.3 ×
0.9

Submucosal None No

5 Cho
et al. (13),
2001

45/F Intermittent right
upper quadrant pain

Fundal mass with
diffusely thickened
wall

2.5 NM Tumor bleeding with
chronic cholecystitis

No

6 Mehra (5),
2005

36/M None Normal 1.5 Subserosal Chronic cholecystitis NM

7 Sakuma (14),
2011

38/M Hepatic hilus tumor Heterogeneous
mass and
cholelithiasis

NM Subserosal Ectopic pheochromocytoma NM

8 Il̇han Ece (15),
2015

57/F Intermittent right
upper quadrant pain

Gallbladder stones
and a mass within
the triangle of
Calot

1.8 Subserosal Chronic cholecystitis NM

9 Raha (16),
2018

NM Right upper quadrant
pain

Gallbladder stones NM Subserosal Paraganglioma of the cystic
duct

No

10 Karel (17),
2019

36/M Mild hypertension and
tinnitus

A lesion with
arterial
enhancement
adjacent to the
gallbladder

2.2 NM Elevated plasma dopamine
level associated with SDHD
mutation

Yes

11 Furrukh (6),
2020

63/F Recurrent biliary colic Mildly dilated
gallbladder

NM Submucosal Chronic cholecystitis No

12 Shukla (18),
2021

72/F Discomfort in both ears
accompanied by
hearing loss

A lesion was seen
in the neck of the
gallbladder

2.3 ×
2.2

NM Familial paraganglioma
syndromes

NM

13 Present case 48/F Physical examination
revealed a liver mass

A tumor with a
rich blood supply
in the middle lobe
of the liver

6.0 ×
4.0

Submucosal Paraganglioma of the
gallbladder

No
f

*NM indicates not mentioned.
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Multiple myeloma presenting as a
cervical intraforaminal tumor: A
case report and review of literature
Dragan Jankovic*, Darius Kalasauskas, Naureen Keric,
Malte Ottenhausen and Florian Ringel

Department of Neurosurgery, University Medical Center, Johannes Gutenberg University Mainz, Mainz,
Germany

Multiple myeloma (MM) is a hematological malignancy with characteristic clonal
plasma cell proliferation and production of monoclonal immunoglobulins. Although
it can often metastasize to the bony spine, completely extravertebral and
extra-/intradural manifestations are exceedingly rare. In this case report, we
describe a 51-year-old male patient with cervical extradural and intraforaminal MM
who was surgically treated in our department. Clinical findings and radiological
images were retrieved from medical records and an imaging system. This unusual
localization of MM and similar cases in the literature are reviewed in detail. The
patient underwent tumor resection via a ventral approach, and postoperative MRI
demonstrated a sufficient decompression of neural structures. No new neurological
deficits were observed at subsequent follow-ups. Although 7 cases of
extramedullary extradural manifestations of multiple myeloma have been described
in the literature so far, this is the first case of intraforaminal extramedullary multiple
myeloma located in the cervical spine and treated by surgery.

KEYWORDS

case report, multiple myeloma, outcome, spine, surgery

Introduction

Multiple myeloma (MM) represents 10% of all hematologic cancers with an annual

incidence of 6.6 cases per 100,000 (1). It is characterized by the proliferation of neoplastic

plasma cells, producing excessive monoclonal immunoglobulin (Ig) or free light chains (2).

Multiple myeloma occurs as an extramedullary disease caused by hematogenous or

continuous growth via the bone cortex. The most common site of manifestation of MM is the

lower thoracic spine, followed by the lumbar spine. Vertebral destruction is primarily

responsible for neurological symptoms, while the most frequent symptoms are pain and

radiculopathy (3).

Here, we present a case of a patient with previously diagnosed and treated MM who was

diagnosed with an intraspinal extradural tumor with an extension to the neuroforamen,

resembling a spinal schwannoma, which finally turned out to be a manifestation of MM. We

review the literature for the clinical course and management of this important differential

diagnosis.
Case description

A 51-year-old male patient presented to our department with pain in his left shoulder for

approximately 9 months. The patient developed burning and piercing pain and dysesthesia in

his left arm for 5 months, which corresponded to the C6 dermatome. His pain medication
01 frontiersin.org
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FIGURE 2

Postoperative axial T1-gadolinium MRI showing partial removal of tumor
mass.
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consisted of hydromorphone and dexamethasone. On admission, the

patient was awake and cooperative. Cranial nerve status was normal.

Except for the tingling paraesthesia of Dig 1, there were no sensory or

motor deficits in the extremities. There were no pathological findings

in the standing and gait tests.

The patient was diagnosed with multiple myeloma 18 months

ago, with manifestation in the 11th thoracic vertebral body, and

treated with vertebral body replacement and dorsal spondylodesis

T10–12. The surgery was followed by radiotherapy of the T10–12

up to a total dose of 46 Gy and two cycles of adjuvant

chemotherapy (bortezomib–cyclophosphamide–dexamethasone). In

the subsequent course, autologous stem cell transplantation was

performed without complications.

Associated with his new radicular symptoms, an MRI of his

cervical spine demonstrated an intraspinal, extradural, and

intraforaminal contrast-enhancing lesion adjacent to the left-sided

C6 root, without evidence of bone destruction. MRI features were

suggestive of a C6 schwannoma (Figure 1).

A blood test showed normal values of hemoglobin (14.4 g/dl,

reference range: 13.5–17.5 g/dl) and red cell count (4.72/pl;

reference range: 4.2–5.6/pl). Serum LDH value was 275 U/I

(reference range: <245 U/I). Tumor resection and decompression of

the nerve root were scheduled via a ventral approach. A direct

route to the lesion without retraction of the spinal cord was

significantly more advantageous with a ventral approach.

As the intraoperative frozen section unexpectedly demonstrated a

small blue cell tumor and the tumor diffusely infiltrated the nerve

root, the decision was made to perform a partial resection and

debulking of the tumor mass. A complete tumor resection could be

taken into consideration after the completion of the histological

analysis. The patient recovered well from the operation and

reported significant pain relief. There were no new neurological

deficits. Histologic analysis demonstrated cells with a narrow,

poorly demarcated cytoplasm and relatively small, round, and

hyperchromatic nuclei with numerous mitoses. The Ki67

proliferation index was >50%. Tumor cells were negative for CD45,

CD3, CD20, CD138, synaptophysin, and S10. Positive

immunoreactivity was observed only for vimentin antibodies. The

final histological analysis revealed a manifestation of MM.
FIGURE 1

Axial (A), sagittal (B), and coronal (C) post-contrast T1 MRI showing extensive int
foramen.
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Postoperative MRI demonstrated a sufficient decompression of

neural structures with a tumor remnant lateral to the nerve root

(Figure 2). After an interdisciplinary case discussion, local

ablative radiotherapy with a total dose of 45.0 Gy and adjuvant

chemotherapy were performed. The patient has been followed for

9 months with no new neurological deficits and no tumor

recurrence.
Discussion

Although MM is the most common malignant tumor in the

vertebrae, spinal cord compression occurs in only 5% of cases,

usually due to extramedullary epidural tumor growth or a vertebral

fracture (4) We searched the PubMed/MEDLINE databases using

the following keywords: “multiple myeloma” AND extraosseous

AND spinal cord compression. A literature search revealed only 7

cases of extradural manifestation of multiple myeloma (Table 1)

(3, 5–10). To our knowledge, this is the first case of intraforaminal

extramedullary multiple myeloma located in the cervical spine and
raspinal, extradural tumor, including extension into the left C5/6 neural exit
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treated by surgery. It is postulated that extramedullary hematopoietic

(EMH) multiple myeloma arises from hematogenous spread or

contiguous seeding from local lytic bone lesions (11). In this case,

the manifestation of MM was localized extradural in the lateral

spinal canal and neural foramen, without the affection of the

adjacent vertebra. The tumor compressed the nerve root, which led

to pain, motor, and sensory deficits.

It is known that multiple myeloma can be associated with

chronic inflammatory demyelinating polyradiculoneuropathy

(CIDP) (12). However, several studies have shown that idiopatic

CIDP cannot be distinguished from CIDP related to monoclonal

gammopathies (13, 14).

Given that pararoteinemia-neuropathy cannot be distinguished

from CIDP, their work-up is still a debate. In addition to protein

electrophoresis, some authors suggested that nerve biopsy could

explain the etiology of neuropathy (15). Peripheral nerve

ultrasound has been proposed to differentiate neuropathies

associated with antimyelin, CIDP, and M-protein (16). However,

due to variable neurotoxic patterns, ultrasound cannot provide

relevant results in multiple myeloma.

The primary diagnostic tool for intraspinal tumors is MRI. MM

manifests as a contrast-enhancing lesion. These lesions can be

diffuse, spreading across multiple spinal levels (17).

The differential diagnoses for intraforaminal and spinal cord

lesions usually include schwannoma, neurofibroma,

hemangioblastoma, malignant peripheral nerve sheath tumor,

spinal metastasis, solitary amyloidoma, and epidural abscess (5).

However, the differentiation of intraforaminal lesions based on

morphology and intensity may present a challenge for

neuroradiologists. As a result, based on MRI features such as T1

iso- to hypointensity and T2 hyperintensity, as well as the

configuration, a working diagnosis of schwannoma was made.
TABLE 1 Published cases of extradural multiple myeloma.

Author Age/
gender

Symptoms Localization MRI Signs of
Myelopathy

Avandhani et al. (5) 60/female Pain, spastic
paraparesis

Posteriorly,
T6-T7

Yes N

Hu et al. (3) 45/female Pain, L5–S1
radiculopathy

L5–S1 NS N

Okacha et al. (6) 47/male Progressive
paraplegia

Posteriorly,
T4–T6

Yes N

Watanabe et al. (7) 85/male Paraplegie C7–T2 Yes N

Matsui et al. (8) 52/male Pain with
paresthesie

L3 NS Y

Lolin et al. (9) 55/female Pain T4–5 Yes N

Palmbach et al. (10) 40/male Paraplegia C7–L2/L3 NS N
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The median survival with MM is 2.5 years, while younger

patients have a better prognosis. Some studies have reported

that the median survival of a patient with EMH MM is

1–11 months (18–20) If the spine is affected, 75% of patients

die within 1 year of diagnosis (21). Given the small number of

papers published so far, MM’s overall survival with extradural

localization is unknown. In the cases of epidural extramedullary

multiple myeloma reported so far, the cause of death was an

infection or respiratory failure.

There are no guidelines for the management of treatment for

intraspinal extradural multiple myeloma. In a longitudinal study of

1,003 patients by Varettoni et al., patients with an extramedullary

manifestation of multiple myeloma had significantly lower

hemoglobin and increased LDH levels (22). Similar findings were

reported by studies of Barlogie et al. and Dimopoulus et al.,

confirming the association between LDH values and a more

aggressive course and shorter survival of the patient with MM

(23, 24). In our case, the serum LDH value on the day of

admission was 275 U/I, which, with a Ki67 finding of >50%,

confirms the aggressiveness of the tumor. Due to the extremely

high proliferation activity, we hypothesized that MM has an

aggressive phenotype, i.e., that there has been a plasmablastic

transformation of MM.

An increased incidence of extramedullary relapse has been

reported in patients undergoing allogeneic stem cell

transplantation. In their retrospective study, Vincent et al. found

that the number of previous therapies and age were associated with

a higher risk of extramedullary relapse (25). Chemotherapy of

extramedullary localizations of MM has so far not yielded

satisfactory results (26).

Although extremely rare, a manifestation of multiple myeloma

should be included in the differential diagnosis of extradural and
Destruction
of vertebral

bodies

Intravertebral
foramen

involvement

Treatment Follow-up

o No Total resection
followed by local
radiotherapy and
chemotherapy

6 months, improvement
of motor power

o NS Surgical resection
followed by
chemotherapy

Died 5 months later due
to pulmonary infection

o Yes Subtotal
resection

Unchanged

o No Chemotherapy Unchanged

es Yes Surgical
resection,
followed by
chemotherapy

Died 5 months later due
to respiratory
dysfunctionmonths
after the onset of
symptoms

o No Died 7 months later due
to septicemic shock

o Yes No Died 3 months after
admission due to
respiratory insufficiency
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intraforaminal tumors in patients with a known MM. Early

detection of the lesion is essential, especially if neurological

symptoms appear. CSF cytology might be helpful in the diagnosis

of intradural lesions, while tumor decompression can prevent

neurological deterioration and improve the patient’s quality of

life. Given that it is difficult to distinguish multiple myeloma

from other intraspinal pathology based on signal intensity and

morphology on MRI scans, a rapid intraoperative tissue analysis

should be considered to avoid unnecessary extensive tumor

resections.
Data availability statement

The original contributions presented in the study are included in

the article/Supplementary Material, further inquiries can be directed

to the corresponding author.
Ethics statement

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.
Frontiers in Surgery 04
327
Author contributions

The authors that contributed to the conception and design of the

study were DJ, DK, and NK. Data acquisition and interpretation were

performed by DJ and DK. The first draft of the manuscript was

written by DJ. DK, NK, and MO reviewed the manuscript. FR

supervised and approved the final version of the report. All

authors contributed to the article and approved the submitted

version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Becker N. Epidemiology of multiple myeloma. Recent Results Cancer Res. (2011)
183:25–35. doi: 10.1007/978-3-540-85772-3_2

2. Rafae A, Malik MN, Abu Zar M, Durer S, Durer C. An overview of light
chain multiple myeloma: clinical characteristics and rarities, management
strategies, and disease monitoring. Cureus. (2018) 10(8):e3148, doi: 10.7759/
cureus.3148

3. Hu KC, Lin J, Chuang YC, Cheng SJ, Chang KM. Multiple myeloma associated with
extramedullary plasmacytoma causing nerve root compression: a case report. J Formos
Med Assoc. (2001) 100(4):277–80.

4. Dispenzieri A, Kyle RA. Neurological aspects of multiple myeloma and related
disorders. Best Pract Res Clin Haematol. (2005) 18(4):673–88. doi: 10.1016/j.beha.2005.
01.024

5. Avadhani A, Shetty AP, Rajasekaran S. Isolated extraosseous epidural myeloma
presenting with thoracic compressive myelopathy. Spine J. (2010) 10(4):e7–e10.
doi: 10.1016/j.spinee.2010.01.007

6. Okacha N, Chrif E, Brahim E, Ali A, Abderrahman E, Gazzaz M, et al. Extraosseous
epidural multiple myeloma presenting with thoracic spine compression. Joint Bone Spine.
(2008) 75(1):70–2. doi: 10.1016/j.jbspin.2007.01.044

7. Watanabe Y, Endou A, Ooi S, Matsushima E, Shimisu Y, Nakashima K.
Extraosseous epidural IgD myeloma presenting with compression myelopathy.
Psychiatry Clin Neurosci. (2000) 54(6):665–7. doi: 10.1046/j.1440-1819.2000.00767.x

8. Matsui H, Fujie H, Tsuji H. Extraosseous epidural tumor of immunoglobulin D
myeloma. J Spinal Disord. (1992) 5(3):366–9. doi: 10.1097/00002517-199209000-00017

9. Lolin YI, Lam CW, Lo WH, Au KL, Masarei JR. IgD multiple myeloma with thoracic
spine compression due to epidural extra-osseous tumour spread. J Clin Pathol. (1994) 47
(7):669–71. doi: 10.1136/jcp.47.7.669

10. Palmbach M, Hoffmann W, Grodd W, Postler E, Voigt K. Extraosseous, epidural
tumour spread of multiple myeloma. Eur J Radiol. (1996) 22(2):146–8. doi: 10.1016/
0720-048x(96)00754-1

11. Gozzetti A, Cerase A, Lotti F, Rossi D, Palumbo A, Petrucci MT, et al.
Extramedullary intracranial localization of multiple myeloma and treatment with
novel agents: a retrospective survey of 50 patients. Cancer. (2012) 118(6):1574–84.
doi: 10.1002/cncr.26447
12. Fasanya AA, Loncharich MF, Gandhi V, Rana S, Balaan M. Multiple myeloma
associated chronic inflammatory demyelinating polyradiculoneuropathy: the
importance of continued surveillance. Cureus. (2016) 8(11):e899. doi: 10.7759/cureus.899

13. Rajabally YA. Neuropathy and paraproteins: review of a complex association. Eur
J Neurol. (2011) 18(11):1291–8. doi: 10.1111/j.1468-1331.2011.03380.x

14. Simmons Z, Albers JW, Bromberg MB, Feldman EL. Long-term follow-up of
patients with chronic inflammatory demyelinating polyradiculoneuropathy, without
and with monoclonal gammopathy. Brain. (1995) 118(Pt 2):359–68. doi: 10.1093/
brain/118.2.359

15. Van den Bergh PY, Rajabally YA. Chronic inflammatory demyelinating
polyradiculoneuropathy. Presse Med. (2013) 42(6 Pt 2):e203–15. doi: 10.1016/j.lpm.
2013.01.056

16. Athanasopoulou IM, Rasenack M, Grimm C, Axer H, Sinnreich M, Decard BF,
et al. Ultrasound of the nerves—an appropriate addition to nerve conduction studies
to differentiate paraproteinemic neuropathies. J Neurol Sci. (2016) 362:188–95. doi: 10.
1016/j.jns.2016.01.055

17. Di L, Huang K, Kesayan T, Kroll D, Baz RC, Macaulay RJ, et al. Multiple
myeloma presenting as an intramedullary spinal cord tumor: a case report and
review of the literature. J Med Case Rep. (2020) 14(1):189. doi: 10.1186/s13256-
020-02496-5

18. Dias A, Higashi F, Peres ALM, Cury P, Crusoe EQ, Hungria VTM. Multiple
myeloma and central nervous system involvement: experience of a Brazilian
center. Rev Bras Hematol Hemoter. (2018) 40(1):30–6. doi: 10.1016/j.bjhh.2017.09.
004

19. Paludo J, Painuly U, Kumar S, Gonsalves WI, Rajkumar V, Buadi F, et al.
Myelomatous involvement of the central nervous system. Clin Lymphoma Myeloma
Leuk. (2016) 16(11):644–54. doi: 10.1016/j.clml.2016.08.010

20. Jurczyszyn A, Grzasko N, Gozzetti A, Czepiel J, Cerase A, Hungria V, et al. Central
nervous system involvement by multiple myeloma: a multi-institutional retrospective
study of 172 patients in daily clinical practice. Am J Hematol. (2016) 91(6):575–80.
doi: 10.1002/ajh.24351

21. Bladé J, Kyle RA. Multiple myeloma in young patients: clinical presentation and
treatment approach. Leuk Lymphoma. (1998) 30(5–6):493–501. doi: 10.3109/
10428199809057562
frontiersin.org

https://doi.org/10.1007/978-3-540-85772-3_2
https://doi.org/10.7759/cureus.3148
https://doi.org/10.7759/cureus.3148
https://doi.org/10.1016/j.beha.2005.01.024
https://doi.org/10.1016/j.beha.2005.01.024
https://doi.org/10.1016/j.spinee.2010.01.007
https://doi.org/10.1016/j.jbspin.2007.01.044
https://doi.org/10.1046/j.1440-1819.2000.00767.x
https://doi.org/10.1097/00002517-199209000-00017
https://doi.org/10.1136/jcp.47.7.669
https://doi.org/10.1016/0720-048x(96)00754-1
https://doi.org/10.1016/0720-048x(96)00754-1
https://doi.org/10.1002/cncr.26447
https://doi.org/10.7759/cureus.899
https://doi.org/10.1111/j.1468-1331.2011.03380.x
https://doi.org/10.1093/brain/118.2.359
https://doi.org/10.1093/brain/118.2.359
https://doi.org/10.1016/j.lpm.2013.01.056
https://doi.org/10.1016/j.lpm.2013.01.056
https://doi.org/10.1016/j.jns.2016.01.055
https://doi.org/10.1016/j.jns.2016.01.055
https://doi.org/10.1186/s13256-020-02496-5
https://doi.org/10.1186/s13256-020-02496-5
https://doi.org/10.1016/j.bjhh.2017.09.004
https://doi.org/10.1016/j.bjhh.2017.09.004
https://doi.org/10.1016/j.clml.2016.08.010
https://doi.org/10.1002/ajh.24351
https://doi.org/10.3109/10428199809057562
https://doi.org/10.3109/10428199809057562
https://doi.org/10.3389/fsurg.2023.1011152
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Jankovic et al. 10.3389/fsurg.2023.1011152
22. Varettoni M, Corso A, Pica G, Mangiacavalli S, Pascutto C, Lazzarino M.
Incidence, presenting features and outcome of extramedullary disease in multiple
myeloma: a longitudinal study on 1003 consecutive patients. Ann Oncol. (2010) 21
(2):325–30. doi: 10.1093/annonc/mdp329

23. Barlogie B, Smallwood L, Smith T, Alexanian R. High serum levels of lactic
dehydrogenase identify a high-grade lymphoma-like myeloma. Ann Intern Med.
(1989) 110(7):521–5. doi: 10.7326/0003-4819-110-7-521

24. Dimopoulos MA, Barlogie B, Smith TL, Alexanian R. High serum
lactate dehydrogenase level as a marker for drug resistance and short survival in
Frontiers in Surgery 05
328
multiple myeloma. Ann Intern Med. (1991) 115(12):931–5. doi: 10.7326/0003-
4819-115-12-931

25. Vincent L, Ceballos P, Plassot C, Méniane JC, Quittet P, Navarro R, et al. Factors
influencing extramedullary relapse after allogeneic transplantation for multiple myeloma.
Blood Cancer J. (2015) 5(8):e341. doi: 10.1038/bcj.2015.48

26. Damaj G, Mohty M, Vey N, Dincan E, Bouabdallah R, Faucher C, et al. Features of
extramedullary and extraosseous multiple myeloma: a report of 19 patients from a single
center. Eur J Haematol. (2004) 73(6):402–6, tumour spread. J. Clin. Pathol. 1994; 47:
669–671. doi: 10.1111/j.1600-0609.2004.00331.x
frontiersin.org

https://doi.org/10.1093/annonc/mdp329
https://doi.org/10.7326/0003-4819-110-7-521
https://doi.org/10.7326/0003-4819-115-12-931
https://doi.org/10.7326/0003-4819-115-12-931
https://doi.org/10.1038/bcj.2015.48
https://doi.org/10.1111/j.1600-0609.2004.00331.x
https://doi.org/10.3389/fsurg.2023.1011152
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Frontiers in Oncology

OPEN ACCESS

EDITED BY

Riccardo Bertolo,
Hospital San Carlo di Nancy, Italy

REVIEWED BY

Fausto Fama’,
University of Messina, Italy
Jiaxi He,
First Affiliated Hospital of Guangzhou
Medical University, China

*CORRESPONDENCE

Zhendong Li

lz86153277@163.com

SPECIALTY SECTION

This article was submitted to
Surgical Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 11 August 2022
ACCEPTED 13 January 2023

PUBLISHED 03 February 2023

CITATION

Liu Z and Li Z (2023) Case Report:
Defect repair post-resection of
cervical tracheal granular cell tumor
by cervical anterior banded myofascial
flap: A case study and literature review.
Front. Oncol. 13:1016232.
doi: 10.3389/fonc.2023.1016232

COPYRIGHT

© 2023 Liu and Li. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Case Report

PUBLISHED 03 February 2023

DOI 10.3389/fonc.2023.1016232
Case Report: Defect repair post-
resection of cervical tracheal
granular cell tumor by cervical
anterior banded myofascial flap:
A case study and literature review
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Objective: A case of cervical tracheal granular cell tumor (CTGCT) is reported

together with a discussion on the clinical manifestation, diagnosis, and treatment

of CTGCT. Additional cases of tumors in the tracheal membrane are also

discussed. A simple and viable tracheal reconstruction method was proposed.

The research design involves a case report and literature review.

Methods: Twenty-four case reports on cervical GCT with complete clinical data

were identified, with a specific focus on cases involving surgical treatment of

tumors in the cervical tracheal membrane.

Results: Twenty-eight reports of GCT in the cervical trachea and six reports on

cervical tracheal membrane tumors were identified. The clinical data of a middle-

aged Asian woman with a cervical GCT was also discussed.

Conclusion: Cervical GCT is a rare disease, and tracheal resection is a reasonable

treatment for cervical tracheal GCT. The proposed procedure is a simple and

feasible method for reconstruction of the cervical tracheal membrane defect using

a double-pedicled banded myofascial flap.

KEYWORDS

granular cell tumor, tumor of the trachea, fascia tissue flap, tracheal membrane,
tracheal reconstruction
Introduction

Granular cell tumors (GCTs) were first described by Abrikossoff in 1926 (1); the name

derives from the presence of large numbers in eosinophilic granules in the tumor cell

cytoplasm. GCT was initially considered a myogenic tumor and was described by Horn and

Stout et al. (2) as a granular cell myoblastoma. Current pathological studies indicate that it

is derived from neuronal tissue or Schwann cells (3, 4). It occurs most commonly in
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patients between the ages of 30 and 50 years old with a higher

incidence in females than in males (5). Most of the tumors are

benign, and only 1−2% are malignant (6, 7). GCT in the respiratory

system accounts for 2−6% of the overall cases; most respiratory-

associated GCTs occur in the larynx and tracheal GCT is rare. The

treatment of cervical tracheal GCT includes the use of simple

endoscopic forceps combined with laser, electrosurgery, and argon

ion-assisted resection, together with open surgery (8). Here, the case

and treatment of a middle-aged Asian woman with a cervical GCT is

presented, together with a summary of the clinical data of 26 cases of

cervical tracheal GCT and an analysis of the clinical manifestations,

diagnosis, and treatment of the disease. This study focuses on the

surgical methods used for treating cervical tracheal membrane

tumors, and introduces a simple and feasible method for tracheal

membrane reconstruction.
Case report

A 45-year-old Asian woman presented with a primary complaint

of active dyspnea with irritant dry cough for two months.

Bronchoscopy showed a bulging mass 2 cm below the voice box,

which obstructed 80% of the lumen (Figure 1). The tumor was located

in the submucosa, and biopsy specimens could not be obtained. There

was no laryngeal vocalization, while the inspiratory and expiratory

times were slightly prolonged, no swollen lymph nodes were found on

the neck, and the breath sounds in both lungs were normal. No other

abnormalities were observed. The patient was admitted to the hospital

with clinical grade II dyspnea and moderate irritant airway spasm.

The preoperative examination was completed within three days of

admission. No biopsy was performed as the patient was unable

to tolerate bronchoscopy. The assessment indicated no

contraindications to surgery, and surgery was performed on the

fourth day after admission. Prophylactic antibiotics were given half

an hour before surgery, and the operation lasted for two hours.

Postoperatively, the patient was admitted to the observation room in

the ward. She had stable vital signs and did not experience respiratory

distress, hoarseness, or hypocalcemia. Additionally, she was given

continued cephalic antibiotics, phlegm, and intravenous nutrition

treatment for a week. No local or intrapulmonary infection was

observed. Hence, the patient was discharged after bronchoscopy on

the ninth postoperative day.
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Examinations showed that hematuria and stool routine were

normal, coagulation routine was normal, and ECG was within the

normal range. Enhanced computed tomography (CT) of the larynx

and trachea revealed that the boundary between the tumor and the

anterior wall of the esophagus was not clear, and the larger layer range

was approximately 17 mm × 16 mm. This was apparent even after

enhancement. The CT value of the plain scan was about 64 HU, and

that of the enhanced scan was about 85 HU in the venous phase.

Cervical posterior tracheal nodules were observed, and their nature

was determined through microscopic examination (Figure 2).

Enhanced MR in the neck revealed a nodular shadow in the

cervical trachea of about 16 mm × 15 mm, and visible

enhancement revealed long T1 and long T2 signals (Figure 3).

Electronic duodenoscopy revealed no abnormality.

The tumor was exposed and removed after anesthesia induction,

oral endotracheal intubation and mechanical ventilation, followed by

the adjustment of the position of the endotracheal tube for tracheal

defect repair. The tumor appeared as a smooth round-like shape in the

tracheal cavity, located in the posterior membrane of the trachea. There

was no stenosis in the trachea wall. The trachea cannula could pass

through the tumor due to the elasticity of the posterior membrane. The

patient was in the supine position. After intravenous anesthesia

induction, a No. 6.5 reinforced endotracheal tube was used, and the

cuff was 2 cm below the tumor, with cuff inflation. A low-collar incision

in the neck was created. The left thyroid gland was exposed, and tissue

separation was performed upward along the outer edge of the left

thyroid gland. The middle thyroid vein and inferior thyroid artery were

clamped and cut off under direct vision. The inferior thyroid pole was

dissociated and exposed to protect the recurrent laryngeal nerve, and

the lower parathyroid gland was retained in situ. The tissues along the

surface of the recurrent laryngeal nerve were separated to the entrance

point, with complete freeing of the lateral thyroid and retention of the

upper parathyroid gland in situ, followed by the complete dissociation

of the lower pole. The tissue block was then turned to the opposite side,

and sharp dissection was performed on the surface of the trachea wall.

The gland and isthmus were dissociated to the opposite lobe, and the

recurrent laryngeal nerve was completely exposed and retained in situ.

The tumor, with a length of approximately 2.0 cm, was located in the

middle of the posterior of the second to fourth tracheal rings. The

tumor was resected by an inter-tracheoesophageal approach, resulting

in a tracheal membrane defect of approximately 3.0 cm × 2.0 cm after

resection with a safe incision margin of 0.3 cm. Intraoperative
FIGURE 1

Bronchoscopic image; the scope positioned just cranial to the vocal cords shows the presence of a polypoid lesion within the infraglottic airway.
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pathological examination suggested the presence of a mesenchymal

tumor. The fascia was cut on both sides of the left banded muscle to

reach the muscle surface, and the full-thickness rectangular fascial flap

of about 5×3×0.5 cm3 on the muscle surface was lifted as a whole from

top to bottom and from outside to inside to keep the upper and lower

pedicle blood supplies. The double pedicle was moved to the defect site

without torsion, and a 3-0 absorbable suture was used for suturing with

a needle distance of about 0.5 cm. The defect was repaired by suturing

the two lateral edges of the fascial tissue flap with the end of the second

to fourth tracheal rings and soft tissue in opposite positions (Figure 4).

The tissue was sutured from both ends to the center without knotting

the retained suture. When sewing and knotting the middle part, the

endotracheal tube was lifted intermittently with suspended ventilation.

All stitches were knotted after the suture. A temporary tracheal

cutaneous fistula was performed by transverse incision of 1 cm at the

sixth to seventh tracheal rings without an endotracheal cannula.

Postoperative nasal and oral respiration was smooth, antibiotics were

given for one week, no postoperative complications were observed, and

the tracheocutaneous fistula was closed. Bronchoscopy examination on

the ninth day after surgery showed a slight bulge 2-6 cm below the

glottis, behind the second to fourth tracheal rings, with white moss

attached (Figure 5). No recurrence has been observed in postoperative

follow-up examinations up to the present date.

Pathology: The gross specimen appeared as a white, smooth,

shiny, nodular swelling of 2 cm × 1.5 cm, without an envelope, and
Frontiers in Oncology 03331
was grayish-white on section with a medium texture and solid.

Light microscopy revealed that the surface was covered with

squamous epithelium and some areas of pseudostratified ciliated

columnar epithelium, with a tightly packed mass in the submucosa.

The tumor cells appeared spindle-shaped, round, polygonal, and

irregularly arranged. The tumor cell cytoplasm appeared rich in

eosinophilic red cytoplasm and filled with eosinophilic granules.

The cell boundaries were indistinct. The nuclei were small, round,

or oval, with no chromatin anisotropy, no nuclear fission phase,

and obvious nucleoli. The pathological diagnosis indicated GCT.

The immunohistochemical findings indicated S-100 (+), NSE (+),

CD56 (+), and Ki67 3% (+). The microscopic findings are presented

in Figure 6.
Materials and method

The PubMed, EMBASE, and Google Scholar databases were

searched with the following search terms: “tracheal granulosa cell

tumor”, “granulosa cell tumor”, and “rare airway tumor”. The

inclusion criteria were all articles published in PubMed and

relevant only to humans. Articles without full texts were excluded.

A total of 28 cases of cervical segmental tracheal GCT were identified

in this search.
FIGURE 3

Preoperative enhanced MR showing a remodeled area of cervical with
posterior wall erosion (red arrow).
FIGURE 2

Preoperative enhanced CT scan showing a remodeled area of cervical
with posterior wall erosion (red arrow).
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Results

Table 1 presents the clinical data of all 29 patients retrieved from

the literature. Data were analyzed to elucidate the clinical features of

cervical segmental tracheal GCT and assess the efficacy of different

treatment modalities. The age range of the patients was 6-64 years,

with a mean age of 31.4 years (n=29) and a median age of 31 years.

Twenty-five of the 29 patients (86.2%) were female, and 22 had a clear

ethnicity, of which 15 (51.7%) were black and three were Asian.

Among the 25 patients, 21 (84%) presented with respiratory

symptoms, mainly cough, shortness of breath, laryngeal tinnitus,

and dyspnea. The mean tumor size at diagnosis was 2.67 cm
Frontiers in Oncology 04332
(n=24), with a long axis range of 0.45-6 cm. Twenty-five cases

(86.2%) had a single tumor. Most of the tumors (31) were

intracavitary, eight were extracavitary, and five were both intra- and

extracavitary. Seven tumors (35%), including the case presented in

this study, were documented in the literature as occurring in the

posterior tracheal wall. A review of the literature revealed a 62.5%

incidence of recurrence or residual tumor in eight patients who

underwent endoscopic resection; two of the recurrences were

treated by trachelectomy, and two cases were supplemented with

endoscopic laser-assisted resection. The incidence of recurrence or

residual disease was 50% in the four patients who underwent shave

resection and trachelectomy after recurrence in one case. No

recurrence was reported in the 12 patients who underwent

trachelectomy. One patient underwent electrosurgery and argon
FIGURE 5

Three months after treatment, reexamination of bronchoscope showed
a smooth surface of reconstruction site, with no tracheostenosis.
FIGURE 4

Real-time video of the operation process. In the case presented in this study, the defect was repaired by suturing the two lateral edges of the fascial
tissue flap with the end of second to fourth tracheal rings and soft tissue in opposite positions. (A) Lateral freeing of the left thyroid gland, protection of
the superior and inferior parathyroid glands, and the recurrent laryngeal nerve to expose the tumor. (B) Complete resection of the tracheal membrane
tumor. (C) Tracheal membrane defect. (D) Preparation of a double-tipped banded myofascial flap. (E) No damage to the thyroid gland and recurrent
laryngeal nerve after repair. (F) Specimen presentation.
FIGURE 6

Hematoxylin and eosin staining revealed large cells with
cytoplasmic granules.
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TABLE 1 Published data on tracheal granular cell tumors.

Source Age/
Sex

Race Complaint Size
(cm)

Solitary/
Multiple

Location Intra/
Extraluminal

Results/
Follow-up

Surgical method/
Reconstruction

method

Benisch (9) 25/F Black Respiratory
difficulty asthma

1.5 S Posterior wall
erosion

Intra NED/15 mo Tracheal resection and
tracheotomy/end to end

Krouse (10) 54/F Black NA 2.5 M Cervical
tracheal

Extra Postmortem finding None

Thawley (11) 33/F Black Painless left neck
mass

3.0 S Left lateral
tracheal wall,
cricoid
cartilage

Extra Residual disease/8y Tracheal wall shaving and
Thyroid lobectomy/none

Carnalis (12) 45/F NA Intermittent
hemoptysis

5.5 S Posterior wall
erosion

Intra and extra NED/3 y Tracheal resection and
tracheotomy/end to end

Polack (13) 29/F Black Incidentally
found

2.0 S Anterior wall
erosion

Extra NED/4 wk Tracheal wall shaving/none

Dunaway
(14)

6/F Black Intermittent
wheezing

2.0 M Left lateral
tracheal wall

Intra Residual disease/9y Endoscopic excision

McLain (15) 26/M Black Dyspnea 2.0 M 8 cm below
the vocal
cords

Intra NED/9 mo Endoscopic laser excision
Tracheal resection and
tracheotomy/end to end

Mikaelian
(16)

20/F Black Cough associated
with dyspnea

2.0 S Posterior wall
erosion

Intra NED/2 y Endoscopic laser excision
Tracheal resection and
tracheotomy/end to end

Thaller (17) 31/F Black Increasing
shortness of
breath

6.0 S Anterior wall
erosion

Intra NED/6 wk Endoscopic laser excision and
tracheotomy

Alessi (18) 33/F Black Right upper
extremity
weakness and
dygphngin

NA S Low in the
neck

Extra NED/7 y Partial tracheal resection and
thyroid lobectomy/none

Alessi (18) 37/F Black Incidentally
found

3.0 S 6 cm above
the carina,
submucogal

Intra NED/2y Tracheal resection and
tracheotomy/end to end

Solomons
(19)

10/M NA Acute
respiratory
distress

NA S Posterior
tracheal wall
and anterior
oesophageal
wall

Intra Died postoperatively
vocal cords in a
paramedian position
indicating bilateral
recurrent nerve
palsies

Partial tracheal resection and
tracheotomy/Inferior
turbinectomy and the
turbinate mucosa sutured in
to fill the defect

Oyama (20) 30/F Asian Hemoptysis 4.0 S Posterior
tracheal wall

Intra NED/1.5y Tracheal resection and
tracheotomy/end to end

Burton (21) 14/F Black NA NA M Cervical
tracheal

Intra NED/4 mo Tracheal resection/end to end

Burton (21) 37/F Black A chronic cough
and upper
respiratory
infection

4.0 S Right lateral
tracheal wall
erosion

Extra NED/1 y Tracheal shaving and partial
tracheal resection Thyroid
lobectomy

Burton (21) 19/F NA Intractable
asthma

1.5 S Cervical
tracheal

Intra NED/8 y Endoscopic excision,

Burton (21) 43/F Black Severe asthma
and new-onset
dysphagia

4.0 S Anterior wall
erosion

Intra and extra NED/6 mo Tracheal resection and
tracheotomy/end to end

Spandow
(22)

12/M White Increasing
difliculty in
breathing

2.0 S Left lateral
tracheal wall
erosion

Intra and extra NED/18 mo Partial tracheal resection and
thyroid lobectomy and
tracheotomy/end to end

(Continued)
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plasma coagulation, and two patients underwent transtracheal

resection of the mass. Seven of the 18 patients who underwent

surgical treatment also underwent thyroidectomy; two cases were

found to be cervical tracheal granulosa cell tumors with thyroid

carcinoma. A total of 27 patients were treated, of whom one (3.7%)

died of postoperative bilateral recurrent laryngeal nerve palsy. The

follow-up period ranged from six weeks to nine years, except for two

cases without intervention and one death.
Discussion

GCT was discovered and first described in 1926 after a long case

study. It is now known to originate from neuronal tissue, histiocytes,

or Schwann cells. GCT can occur anywhere in the body, usually

involving the skin, breast, and especially the gastrointestinal tract

(e.g., mouth, tongue, and esophagus); however, GCT in the

respiratory tract, especially in the trachea and bronchi, is rare (32).

The majority of GCTs reported in the literature are benign, with only

1−2% being malignant, specifically in cervical tracheal GCTs.
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The peak age of onset of GCT is between 30 and 50 years, with a

higher prevalence in women and patients of black ethnicity. The

observation that most GCT cases occur in females may support a

correlation between hormones and disease (33), although there is a

lack of data to establish a clear correlation. However, 86.2% of the

patient data we retrieved were from females, and the cervical segment

tracheal GCTs were consistent with this profile.

History and physical examination provide important clues to

diagnosing GCT of the cervical trachea. A tumor located outside the

cavity may appear as a painless mass in the neck. Therefore, GCT of

the trachea is often misdiagnosed as bronchial asthma (34), chronic

bronchitis, and tumors of thyroid origin. The differential diagnosis

should include subsonic masses, benign and malignant tumors of the

trachea, and esophageal and thyroid tumors. Specifically, two cases of

thyroid carcinoma with cervical tracheal granulosa cell tumor (28, 30)

were identified; these could easily lead to misdiagnosis and increase

the likelihood of adverse events during the treatment course. Hence,

examination methods and the capability to differentiate and diagnose

diseases are particularly important. If a tumor arises intraluminally,

endoscopy is the mode for visualization of tumor location, size, and
TABLE 1 Continued

Source Age/
Sex

Race Complaint Size
(cm)

Solitary/
Multiple

Location Intra/
Extraluminal

Results/
Follow-up

Surgical method/
Reconstruction

method

Thomas (23) 46/F NA Dyspnea 4.5 S Upper part
of tracheal

Intra Residual disease/9y Successive endoscopic
excision, laser

Frenckner
(24)

28/F White NA NA S Cervical Intra NED/3 y Transtracheal enucleation

Desai (25) 10/F NA Obstructive sleep
apnea and
exercise-induced
asthma

NA S Posterior
tracheal wall

Intra NED/10 y Tracheal fissure and excision
and tracheotomy/

Kintanar
(26)

35/F NA Painless right
neck mass

2.2 S Right lateral
tracheal wall

Extra NA Tracheal shaving/Thyroid
lobectomy

Daniel M
(27)

29/F Black Dyspnea 3.0 S Right lateral
tracheal wall
erosion

Intra and extra NA None

Ipakchi (8) 22/F Black Shortness of
breath,
expiratory
stridor

3.0 S Right lateral
tracheal wall

Intra NED/18 mo Endoscopic resection

Colella (28) 58/M White trachyphonia
and occasionally
dysphonia
Painless right
neck mass

1.1 S Right lateral
tracheal wall
erosion

Extra NED/30 mo Thyroidectomy, partial
tracheal resection

Lee (29) 45/F Asian Cough,shortness
of breath

3.0 S Anterior
tracheal wall

Intra NED/13 mo Endoscopic resection, thyroid
lobectomy

Guarnieri
(6)

64/F White Dyspnoea 1.3 S Left lateral
tracheal wall

Intra NA Electro surgery and argon
plasma coagulation

Fama (30) 26/F NA Painless right
neck mass

1.9 S Right lateral
tracheal wall

Extra NED/12 mo Tracheal shaving/Thyroid
lobectomy

Currentstudy 45/F Asian Activities
difliculty in
breathing

2.0 S Posterior wall
erosion

Intra and extra NED/3 mo Partial posterior wall resection
Reconstruction tracheal by
two lateral edges of the fascia
tissue flap
NA, not available; F, female; M, male; S, solitary; M, multiple; Intra, intraluminal; Extra, extraluminal; NED, no evidence of disease; DWD, died with the disease.
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intraluminal status and can be used to define the pathology by tissue

biopsy. Tomographic CT scans of the trachea and larynx, both of

which are the primary methods of examining tracheal GCT, can

determine the location and extent of tumor infiltration. If a tumor

occurs adjacent to the thyroid gland outside the lumen, pathological

examination and CT of ultrasonic guided neoplasm needle biopsy are

key to the differential diagnosis.

Pathological examination is the gold standard for confirming the

diagnosis of GCT, which typically shows loosely arranged polygonal

cells of medium or large size. The cytoplasm is rich in eosinophilic

granules, with rare nuclei and nucleoli. Immunohistochemistry

provides an important diagnostic aid for pathological examination,

and the expression of S-100 protein and neuron-specific enolase

(NSE) can be important evidence for diagnosis (35).

The treatment modality for cervical segmental tracheal GCT

should be selected according to the site of the tumor and the degree

of infiltration. An analysis of the treatment outcomes of the retrieved

cases showed a 62.5% incidence of recurrence or tumor residuals in

endoscopic laser-assisted resection of intraluminal tumors, with no

deaths, and a 50% incidence of recurrence or tumor residuals in shave

resection of extraluminal tumors. Among the cases in which both

procedures were used, three had tumor residuals, and although the

progression-free survival period was between eight and nine years,

there are currently insufficient data to suggest that this inert biological

behavior of GCT is common. In intraluminal or extraluminal tumors

without trachelectomy, enhanced management of the tumor base may

be one way to reduce the recurrence rate, but again, data to support

this are insufficient. Cervical trachelectomy has the highest cure rate

with a mortality rate of 4%, while the cause of death in the case

presented here was bilateral recurrent laryngeal nerve palsy due to

intraoperative manipulation. The literature shows that trachelectomy

has a high cure rate and a lower mortality rate than previously

reported and is a reasonable approach for both radicality and safety;

however, this procedure often requires tracheotomy, which is a factor

affecting the patient’s postoperative quality of life. Radical surgery

usually needs to include thyroid lobectomy, depending on the

extension and involvement of the tumor in the paratracheal region.

To date, available data about laser resection are similarly sparse.

Owing to limited data, a reasonable approach could be based on

endoscopic therapy as the preferred treatment, and trachelectomy

should be reserved for larger lesions that prevent disease recurrence or

threaten airway patency (36). Because of the rarity of the disease, data

on recurrence rates are lacking, and follow-up plans cannot

be defined.

A literature survey yielded six cases with tumors in the cervical

segment of the trachea. Four cases (66.6%) underwent tracheal sleeve

resection with end-to-end anastomosis, and one underwent partial

tracheal resection with the application of inferior turbinate mucosa to

repair the tracheal membrane. Tracheotomy was performed in all six

patients, and a tracheal tube was left in place. In the case presented in

this study, we attempted to remove the membranous tumor while

preserving the intact tracheal cartilage ring to avoid tracheotomy

when it was clear that the mass did not invade the tracheal wall or the

anterior esophageal wall. During the operation, we used

the intertracheoesophageal approach to expose the tumor by freeing

the lateral side of the thyroid gland; the procedure could retain the

complete blood supply to the thyroid gland without affecting the
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function of the parathyroid gland and keep the recurrent laryngeal

nerve above the tumor during the resection. Studies have shown that

fascial tissues are hypometabolic, easily survivable, and resistant to

saliva and infection, providing an excellent seal and structural stability

for respiratory epithelialization (31). Furthermore, several reports on

the successful repair of the residual larynx with banded myofascial

flaps during laryngeal cancer surgery support the high survival rate of

banded myofascial flaps (29). Therefore, we attempted to reconstruct

the tracheal membrane after tumor resection by applying an adjacent

double-tipped banded myofascial tissue flap. To prevent

postoperative asphyxia, we created a 1-cm-long tracheal skin fistula

without a tracheal tube, and the tracheal skin fistula of the patient was

always sealed and facilitated oral and nasal breathing after surgery.

We believe that the advantages of the banded myofascial flap for

tracheal membrane repair include no additional incision, proximity to

the recipient site, good blood supply in the form of an upper and

lower double-tip, no twisting of the double-tip during suturing,

moderate fascial tension, and avoidance of tracheotomy, making it

an ideal graft for reconstruction of cervical tracheal membrane

defects. However, the limitations of using banded myofascial flaps

to repair tracheal defects, including the maximum distance between

the double-tipped banded myofascial flap and the membranous

defect, and the survival rate of single-tipped fascial flaps, remain

unknown and need to be verified and promoted by more data in

the future.

Conclusions

GCT of the cervical segment trachea is a rare disease with a lack of

specific information on its clinical presentation and imaging, and

histopathological examination is the gold standard for diagnosis.

Furthermore, while electronic bronchography is an important

diagnostic method, it has limitations in terms of treatment. GCT

trachelectomy is the best treatment for large infiltrating cervical

tracheal tumors. Finally, in GCT of the cervical trachea, preservation

of the tracheal cartilaginous ring and membrane reconstruction with a

double-tipped banded myofascial flap is a feasible approach.
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Recurrent glioblastoma
metastatic to the lumbar
vertebra: A case report
and literature review:
Surgical oncology

Ako Matsuhashi1, Shota Tanaka1*, Hirokazu Takami1,
Masashi Nomura1, Masako Ikemura2, Yoshitaka Matsubayashi3,
Yusuke Shinoda4, Keisuke Yamada1, Yu Sakai1,
Yasuaki Karasawa1, Shunsaku Takayanagi1 and Nobuhito Saito1

1Department of Neurosurgery, The University of Tokyo Hospital, Tokyo, Japan, 2Department of
Pathology, The University of Tokyo Hospital, Tokyo, Japan, 3Department of Orthopedic Surgery, The
University of Tokyo Hospital, Tokyo, Japan, 4Department of Rehabilitation Medicine, Saitama Medical
University Hospital, Saitama, Japan
Background: Glioblastoma is a malignant tumor, and its prognosis is as poor as 1.5

to 2 years. Most cases recur within one year even under the standard treatment.

The majority of recurrences are local, and in rare cases, metastasize mostly within

the centra nervous system. Extradural metastasis of glioma is exceedingly rare.

Here, we present a case of vertebral metastasis of glioblastoma.

Case presentation:We present a 21-year-old man post total resection of the right

parietal glioblastoma, diagnosed with lumbar metastasis. He originally presented

with impaired consciousness and left hemiplegia and underwent gross total

resection of the tumor. Given the diagnosis of glioblastoma, he was treated with

radiotherapy combined with concurrent and adjuvant temozolomide. Six months

after tumor resection, the patient presented with severe back pain, and was

diagnosed as metastatic glioblastoma on the first lumbar vertebrae. Posterior

decompression with fixation and postoperative radiotherapy were conducted.

He went on to receive temozolomide and bevacizumab. However, at 3 months

after the diagnosis of lumbar metastasis, further disease progression was noted,

and his care was transitioned to best supportive care. Comparison on copy number

status between primary and metastatic lesions on methylation array analysis

revealed more enhanced chromosomal instability including 7p loss, 7q gain and

8 gain in the metastatic lesion.
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Conclusion: Based upon the literature review and our case, younger age of initial

presentation, multiple surgical interventions, and long overall survival seem to be

the risk factors of vertebral metastasis. As the prognosis of glioblastoma improves

over time, its vertebral metastasis is seemingly more common. Therefore,

extradural metastasis should be kept in mind in the treatment of glioblastoma.

Further, detailed genomic analysis on multiple paired specimens is mandated to

elucidate the molecular mechanisms of vertebral metastasis.
KEYWORDS

glioblastoma, vertebral metastasis, craniotomy, methylation array analysis, copy number
alteration, chromosomal instability
1 Introduction

Glioblastoma is a malignant tumor, classified as grade 4 in World

Health Organization (WHO) classification of central nervous system

(CNS) tumors 2021, and its prognosis is as poor as 1.5 to 2 years (1, 2).

Most cases recur within one year even under the standard treatment

of surgical resection, radiation therapy and chemotherapy. The vast

majority of recurrences are local, and in rare cases, metastatic mostly

within the CNS. Extradural metastasis is considered exceedingly rare

due to the presence of blood brain barrier (3). Here, we report a case

of vertebral metastasis of glioblastoma.

This study was reported in agreement with principles of the

CARE guidelines (4). Written informed consent was obtained from

the individual and the patient’s legal guardian for the publication of

any potentially identifiable images or data included in this article.
2 Case description

2.1 Clinical course

A 21-year-old man post total resection of the right parietal

glioblastoma was diagnosed with lumber metastasis. At the age of

20, without any significant family history or past medical history, he

presented to a local emergency department with impaired

consciousness and left hemiplegia. Computed tomography (CT)

showed intracranial hemorrhage in the right parietal lobe, and

hematoma evacuation was conducted. Dilated veins were observed

around the hematoma and the patient was diagnosed with

intracranial hemorrhage from venous hemangioma. Five months

after the operation, he began to complain of headache, and

magnetic resonance imaging (MRI) showed an enhanced lesion in

the right hemisphere which was rapidly increasing in size. Partial

removal of the mass and external decompression was conducted.

Then he was referred to our institute for resection of the remaining

mass and adjuvant therapy. Gross total resection of the tumor,

placement of carmustine wafer in the resection cavity and

cranioplasty were conducted at our institute (Figure 1). Pathology

was consistent with glioblastoma, isocitrate dehydrogenase (IDH)-

wildtype. The patient was ambulatory post-operatively. Radiotherapy

combined with concurrent and adjuvant temozolomide (75mg/m2/
02338
day) per the Stupp regimen was conducted. Intensity Modulated

Radiation Therapy (IMRT) of 60Gy was conducted at the edematous

area surrounding the tumor, and IMRT of 50Gy at the tumor removal

site. Four cycles of temozolomide (150mg/m2/day) were administered

during the maintenance phase. At the same time, bevacizumab

(10mg/kg) was administered twice, two weeks apart.

At 6 months after the resection of tumor at our institute (14

months after the first operation), the patient presented with severe

back pain. CT showed an osteolytic mass on the body of the first

lumbar vertebrae and MRI showed an enhanced lesion constricting

the spinal canal (Figure 2). There was no spinal metastasis. The

patient did not present symptoms of spinal cord compression such as

bladder and rectal disturbance or lower extremities paralysis. Brain

MRI showed no intracranial recurrence, and whole spine MRI and

whole-body CT showed no other lesions. Needle biopsy of the mass

on the first lumbar vertebrae showed densely infiltrating spindle-
FIGURE 1

Gadolinium-enhanced T1-weighted MRI before (A) axial, (B) coronal
and after (C) axial, (D) coronal) gross total resection of glioblastoma at
our institute.
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shaped cells with eosinophilic cytoplasm accompanied with regions of

necrosis, which was consistent with glioblastoma (Figure 3). The cells

were positive for glial fibrillary acidic protein (GFAP), and its MIB-1

index was 30%. Posterior decompression with fixation and

postoperative radiotherapy of 30Gy were conducted to relieve the

pain. He further received one more cycle of temozolomide (150mg/

m2/day) and two more administrations of bevacizumab (10mg/kg,

two weeks apart). Three months after the diagnosis of lumbar

metastasis, however, disease progression with multiple metastasis to

the lymph nodes, the lungs, and the liver was found, prompting the

transition to best supportive care.
2.2 Epigenetic analysis

This study was approved by the Ethics Committee of the

University of Tokyo (#G10028). DNA was extracted from FFPE

tissue samples and analyzed using the Illumina Infinium Human

Methylation EPIC Bead Chip array according to the manufacturer’s
Frontiers in Oncology 03339
instructions. All DNA methylation analyses were performed using R

version 4.1.0. Methylation values were calculated as b values. The

following filtering criteria were applied: removal of probes

overlapping with single-nucleotide polymorphisms, those mapped

to chromosomes X and Y, or the Illumina control probes. Copy

number alterations were calculated using signal data from the

methylation array using the conumee Bioconductor package

version 1.26.0.

Primary and metastatic samples had overall copy number status

in common such as chromosome 1p loss, 16 loss and 22q loss;

however, the metastatic sample had more prominent copy number

alterations, including newly acquired 4 gain, 7p loss, 7q gain, 8 gain,

13q gain, 19q gain, and 20 loss (Figure 4).
3 Discussion

In this case illustration, we present an extremely rare case of

glioblastoma which metastasized extracranially to the lumbar vertebra

during the course of treatment. Glioblastoma was not believed to

metastasize outside of the CNS until Davis first reported glioma

meningeal metastasis in 1928 (5, 6). Extradural metastasis of

glioblastoma is as rare as less than 2% (3). Dense dura around

intracranial sinuses preventing tumor cell penetration and lack of a

nurturing stroma in other organs to facilitate the survival of

glioblastoma cells are some biological obstacles that prevent

glioblastoma cells to infiltrate outside the CNS (7). Also, overall low

median survival causes patients to die from intracranial hypertension

or other complications before extracranial metastasis develop (6).

Vertebral metastasis is exceedingly rare; to the best of our

knowledge, there has been 59 cases reported in the literature

(Supplementary Tables 1, 2) (6, 8–58). Mean age of the 59 patients

is 43.9 years (range, 11-70 years), which is much younger than the
FIGURE 2

Sagittal CT (A), T2-weighted (B), and gadolinium-enhanced T1-
weighted (C) MRI sequences of the spine showing development of
metastatic lesion.
A B

D EC

FIGURE 3

Immunohistopathological investigation showed densely infiltrating spindle-shaped cells with eosinophilic cytoplasm accompanied with regions of
necrosis, consistent with glioblastoma (A) primary site, (B) lumbar metastasis). The cells were positive for glial fibrillary acidic protein (GFAP) (C) and
negative for mutant isocitrate dehydrogenase 1 (IDH1-R132H) (D). MIB-1 labeling index was 30% (E). The original magnification was x200 (A–E).
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average age of patients diagnosed with glioblastoma. Moreover, in

most cases, glioblastoma metastasis to the vertebral body is

accompanied by metastasis to other locations such as the lung,

lymph nodes, other bones and the liver. As for the cases with

sufficient data, the mean overall survival of the cases is 28.0 months

(range, 1-139 months) after the initial diagnosis of glioblastoma, and

8.5 months (range, 0-48 months) after the diagnosis of vertebral

metastasis. Overall survival in these cases is longer than the average

prognosis of glioblastoma. This suggests that long-surviving

glioblastoma patients provide glioblastoma cells adequate time to

cause extradural metastasis.

Considering the biological obstacles that prevent glioblastomas

from infiltrating outside of the CNS, it can be speculated that

deposition of tumor cells into the blood stream or excision of the

dura due to surgical interventions may attribute to extracranial

metastasis. As for the 59 reported cases, the mean number of

surgeries conducted prior to vertebral metastasis was 1.5 (range,

0-5). In our case, the patient first presented with intracranial

hemorrhage and the tumor was hypervascular enough to be

misdiagnosed for venous hemangioma, allowing tumor cells to be

feasibly deposited into the blood stream. Also, multiple surgeries

including external decompression were conducted causing defects of

the dura and the skull, which could have facilitated the extradural

infiltration of glioblastoma cells. Based upon the literature and our

case, younger age of initial presentation of glioblastoma and

multiple surgical interventions seem to be the risk factors of

vertebral metastasis of glioblastoma, though we still lack further

statistical evaluation.
Frontiers in Oncology 04340
Little has been known about the genetic and epigenetic changes

seen in the extracranial metastasis of glioblastoma. Copy number

alterations have been known to be enhanced at the metastatic site

compared with the primary site, in parallel with mutational burden, in

systemic cancers such as lung, hepatocellular and urothelial

malignancies among others (59–61). This is deemed to primarily

reflect the clonal evolution and selection of the tumor cells at the

primary site with the gain of metastatic potential (62, 63). Previously,

a case of GBM with osseous metastasis was shown to harbor

additional copy number alterations plus mutations compared with

the intracranial tumor (64). In concordance, our case demonstrated

the increased fluctuation of the copy number baseline (Figure 4),

highly suggestive of the existence of tumor cells with the acquisition of

metastatic capability. This is still an under-investigated finding in

cases with metastatic glioblastoma and needs to be investigated in a

larger cohort of samples.

Due to the improvement in the prognosis of the disease, vertebral

metastasis is suspected to be encountered more commonly. Therefore,

extradural metastasis of glioblastoma must be included in differential

diagnoses in treating patients with glioblastoma. Further studies with

detailed genomic analysis on multiple paired tumor specimens are

warranted to unravel the molecular mechanisms of vertebral metastasis.
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FIGURE 4

Copy number profiles of primary and metastatic lesions calculated by methylation array are shown. Copy number baseline imbalance was enhanced for
the metastatic lesion compared with the primary lesion.
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Case report: Robot-assisted
laparoscopic partial nephrectomy
for renal cell carcinoma in a patient
with situs inversus totalis and
abdominal cocoon
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Background: Situs inversus totalis (SIT) is a congenital condition wherein organs in
abdominal or thoracic cavity are mirrored from their normal positions. Abdominal
cocoon, is a rare disease of unknown aetiology that is characterised by total or
partial small intestine encapsulation by a compact fibrocollagenous membrane.
Aside from having two extremely rare conditions (SIT and Abdominal cocoon), our
patient developed renal cell carcinoma (RCC), which makes this case even more
uncommon.
Case Presentation: We report the case of a 64-year-old man who was admitted to
our hospital with an extremely rare case of localized RCC in the left kidney
complicated with SIT and abdominal cocoon. Computer tomography urography
(CTU) and angiography (CTA) showed that the patient was confirmed as having SIT,
for the space-occupying lesion in the left kidney, clear cell RCC (ccRCC) was
considered, the lesion in the right kidney was probably cystic. We diagnosed our
patient as having a cT1aN0M0 left RCC, and the RENAL score was 7x. With partial
nephrectomy (PN) being the preferred treatment approach, robot-assisted
laparoscopic partial nephrectomy (RALPN) was performed after obtaining informed
consent. After insertion of the laparoscope, adhesions were observed between the
entire colon and the anterior abdominal wall. Then, abdominal cocoon was
diagnosed. The surgery was uneventful, and the tumour was resected successfully
while preserving the tumour capsule. No intestinal injury or any other complication
occurred in the intraoperative or postoperative, and the patient recovered well after
the operation.
Conclusion: PN is an extremely challenging procedure in patients with SIT and
abdominal cocoon. The da Vinci Xi surgical system and thorough preoperative
assessment allowed the surgeon to overcome stereotyping, visual inversion, and
successfully perform PN in a patient with SIT and abdominal cocoon without
increasing the risk of complications and preserving as much renal function as
possible. Considering the satisfactory outcomes, this report may hopefully provide a
practical reference for the treatment of RCC in patients with other special conditions.

KEYWORDS

situs inversus totalis, abdominal cocoon, renal cell carcinoma, robot-assisted laparoscopic,

partial nephrectomy, case report
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Introduction

Situs inversus totalis (SIT) is a congenital condition wherein

organs in the abdominal or thoracic cavity are mirrored from their

normal positions. This rare anatomical anomaly has an incidence

of approximately 0.005%–0.01% (1). Abdominal cocoon, which is

also known as idiopathic sclerosing peritonitis, congenital small

intestinal obstruction and fibromembranous encapsulation, is a rare

disease of unknown aetiology that is characterised by total or

partial small intestine encapsulation by a compact fibrocollagenous

membrane (2).

Renal cell carcinoma (RCC) is a malignancy of the urinary

system that accounts for 2%–3% of all adult malignancies (3). For

patients with T1a RCC, partial nephrectomy(PN) is recommended

(4). This report presents an extremely rare case of localized RCC

in the left kidney in a patient with SIT and abdominal cocoon, and

aims to address gaps in treating RCC with robot-assisted

laparoscopic partial nephrectomy (RALPN) in these patients. In

patients with SIT and abdominal cocoon, surgery may be

extremely difficult as SIT is complicated by structural deformities,

and lysis of extensive intestinal adhesions may cause secondary

intestinal injury. In our case, the da Vinci Xi surgical system

enabled successful RALPN of the left kidney, which not only

avoids the unclear exposure of the mirror human anatomical

structure under traditional laparoscopic surgery, but also solves the

problem of the operator’s right hand inversion during the operation.
Case presentation

The reporting of this study conforms to CARE guidelines (5). In

Dec. 3, 2021, a 64-year-old man with a solid space-occupying lesion

that measured 25 × 36 mm in the inferior pole of the left kidney by

Doppler ultrasound during physical examination one month prior.

The body mass index (BMI) was 22.19 kg/m². Meanwhile, the

patient was generally well, was afebrile, and did not experience low

back pain or discomfort, frequent urination, urgency, painful

urination and gross haematuria. Additionally, the patient denied

gastrointestinal symptoms such as abdominal pain and distention,

nausea and vomiting. The patient had a 6-year special history of

hypertension, and his blood pressure was well controlled by regular

oral antihypertensive drugs. During hospitalisation, his maximum

monitored blood pressure (BP) was 135/97 mmHg, and his

monitored heart rate ranged from 72 to 90 bpm. The patient

denied any history of other medications, diabetes, abdominal

surgery or trauma, abdominal tuberculosis, peritoneal dialysis,

autoimmune disease, or chemotherapy. Preoperative blood tests

and comprehensive metabolic panel suggested no abnormalities.

Renal Doppler ultrasound showed a solid space-occupying lesion

in the left kidney, which required further evaluation. Computer

tomography urography (CTU) and angiography (CTA) showed

that the stomach and spleen were located in the right abdominal

cavity, while the right hepatic lobe, gallbladder and inferior vena

cava were at the left side of his abdomen (Figures 1A–E), the

bilateral kidneys were normal in size and shape, but a 24 × 35 mm

isodense mass protruded from the outline of the left kidney
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(Figures 1B–E). On contrast-enhanced computed tomography

(CT) scan, the mass was strongly enhanced in the arterial phase

(Figure 1C), and the enhancement pattern was attenuated during

the venous phase (Figure 1D). There was a 31 × 40 mm non-

enhancing hypodense nodule and calcification of the wall in the

right renal. Additionally, the left renal artery was supplied by one

renal artery and one accessory renal artery (Figure 1E). Effusion or

lymphadenopathy in the abdominopelvic cavity was not noted.

Based on the above findings, the patient was confirmed as having

SIT, for the space-occupying lesion in the left kidney, clear cell

RCC (ccRCC) was considered, the lesion in the right kidney was

probably cystic. Cardiac Doppler ultrasound demonstrated

decreased diastolic function and normal systolic function of the left

ventricle in the transposed heart. The estimated glomerular filtration

rates (eGFR) were 29.76 and 28.8 ml/min for the left and right

kidneys, respectively. Chest CT showed no space-occupying lesions

or evident abnormalities. Before surgery, the patient was diagnosed

with left RCC, SIT, right renal cyst and hypertension. We diagnosed

our patient as having a cT1aN0M0 left RCC, and the RENAL score

was 7x. With PN being the preferred treatment approach, left

RALPN was performed after obtaining informed consent.

Surgery was performed under general anaesthesia with the

patient being placed in a supine position and angled at 70° on the

unaffected side. A 1.0 cm incision was created at the medial

umbilical edge for insertion of a Veress needle and induction of

CO₂ pneumoperitoneum that was maintained at 15 mmHg. A

laparoscope was then inserted to observe the abdominal cavity,

adhesions were observed between the entire colon and the anterior

abdominal wall, particularly between the intestines (Figures 2A,B).

Based on these findings, abdominal cocoon was diagnosed. Under

direct laparoscopy, two 8-mm robotic ports were respectively

placed in adhesion-free areas in the intestine 4 cm from the

anterior superior iliac spine and under the costal margin

(Figure 3A), while a 12-mm assistant port was inserted 5 cm

under the umbilicus at the midline (Figure 3A). When the robotic

laparoscopy system was ready, adhesions between the colon and

the anterior abdominal wall were removed (Figure 2B–D). The

transposed organs, including the liver, spleen, stomach and colon,

were then noted (Figure 2C,D). The inferior vena cava was located

on the left side (Figure 2E–H). A protruding tumour (Figure 2G)

was found in the left kidney, three arterial branches were dissected

(including one from the abdominal aorta to the lower pole of the

kidney, and two from the main renal artery to the middle and

lower poles of the kidney) (Figure 2F). The surgery was

uneventful, and the tumour was resected successfully while

preserving the tumour capsule (Figure 2I). The operation time was

180 min, which included 23 min of warm ischemia time. The

intraoperative blood loss was 200 ml. A 23 × 36 mm specimen was

removed from the left kidney and sectioned to confirm tumour

capsule integrity (Figure 3B). Pathology revealed pT1aN0M0

Fuhrman Grade I ccRCC, which did not involve the surgical

margins (Figure 4A,B). No intestinal injury or any other

complication occurred in the intraoperative or postoperative. The

patient was satisfied with the treatment. The patient was

discharged at postoperative on day 7. Postoperatively, the patient

was followed up for 10 months, and no recurrence, secondary

infection, or intestinal obstruction was detected.
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FIGURE 1

CTU and CTA was performed, and it confirmed SIT (A–E) with a tumor in the left kidney (B–E). It showed that the left renal artery had anatomical variation (E),
the arterial phase (B), the venous phase (C), the coronal view (D).
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Discussion

SIT is the complete transposition of both the abdominal and

thoracic organs that does not affect the anatomical relationships of

the adjacent organs or their physiological functions, and

anatomical variation of the great vessels, organ malformations and

other congenital anomalies are common in patients with SIT (1).

The mechanism responsible for such reversal is still unknown.

Some believe that SIT involves autosomal recessive inheritance and

genetic abnormalities, while others attribute SIT to malrotation

during embryonic development (1). Recently, attention has focused

on the association between SIT and cancer (6). Haruki et al.

reported that KIF3 complex deficiency, a congenital characteristic

in patients with SIT, appears to promote cancer development and

progression (7).

Abdominal cocoon is a rare abdominal disorder first described by

Foo et al. in 1978 (8). The syndrome lacks distinct clinical features

and thus is difficult to diagnose before surgery. Although there is

evidence of potential associations between abdominal cocoon and

developmental abnormalities and medication, infection and surgery

history, the underlying mechanism remains unknown (9).

Abdominal cocoon can either be primary or secondary. Primary

abdominal cocoon is idiopathic and commonly seen in patients
Frontiers in Surgery 03
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without a history of abdominal surgery or trauma and may be

linked to congenital dysplasia of the omentum majus and

peritoneum (2). Secondary abdominal cocoon has a complex

aetiology associated with previous surgery, peritoneal dialysis,

tuberculous disease and gastrointestinal cancer (10, 11). Abdominal

cocoon has nonspecific clinical manifestations, patients can be

asymptomatic in mild cases. Common symptoms include an

abdominal mass, persistent abdominal pain and incomplete bowel

obstruction (12). Since preoperative diagnosis of abdominal cocoon

is difficult, in most reported cases, the diagnosis is established

based on intraoperative findings. In this report, the radiologist did

not consider the possibility of abdominal cocoon. The patient was

not diagnosed with abdominal cocoon until surgery, wherein bowel

adhesions involving the descending colon, small intestine and

peritoneum were observed.

Aside from having two extremely rare conditions (SIT and

abdominal cocoon), our patient developed RCC, which makes this

case even more uncommon. It is generally believed that

laparoscopic surgery is safe and feasible even for patients with SIT.

In fact, this approach has already been used in surgical conditions

involving the gallbladder, bile duct, stomach, kidney and liver

(1, 13). While several studies have reported open/laparoscopic

radical nephrectomy (RN) (14, 15) or open PN (16) in patients with
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FIGURE 2

The left RALPN was performed. Adhesions were observed between the entire colon and the anterior abdominal wall, and the liver and the visual field of the
surgical area could not be visualized (A,B). After adhesions between the colon and the anterior abdominal wall were removed, the liver and kidney areas on the
left were exposed (B–D). The inferior vena cava was located on the left side (E,H), accurate dissection of the left renal hilar vessels (E), three arterial branches
were dissected (including one from the abdominal aorta to the lower pole of the kidney, and two from the main renal artery to the middle and lower poles of
the kidney) (F). The tumor was isolated and the margin was marked (G). Two branched renal arteries were blocked (H). The tumor was completely removed
and the left renal margin was sutured accurately (I).

Zou et al. 10.3389/fsurg.2023.1095591
SIT and renal carcinoma, no case of simultaneous abdominal cocoon

and RCC has been covered in these reports. Furthermore, there are no

reports of RALPN in patients with SIT and abdominal cocoon.

In this case, given the transposition of internal organs and the goal

of preserving as much renal parenchyma as possible, surgery was

performed by an experienced surgeon who was thoroughly familiar

with abdominal anatomy. Pneumoperitoneum was established to

visualise the abdominal cavity, and abdominal cocoon was

considered due to bowel encapsulation. Abdominal cocoon caused

difficulties for the surgeon. Fortunately, we chose the medial side of

the umbilical margin to insert the pneumoperitoneum needle and

camera port first, which did not cause secondary intestinal injury.

Additionally, other ports were inserted under direct laparoscopy and

kept away from the bowel adhesions. So the port distribution was

different from the conventional one. Despite the lack of international

guidelines for abdominal cocoon management, the standard

treatment for the disease includes removal of the sac and adhesiolysis

(17). Because the patient was asymptomatic on weekdays,
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adhesiolysis was performed intraoperatively to separate the intestines

and the peritoneum. However, adhesiolysis does not necessarily

require complete removal of the sac or lysis of the bowel loops as

long as the small intestines can be released and the intestines and

mesentery can return to their normal positions without inflicting

secondary injury.

The presence of vascular malformations, which often occur with

SIT, should be considered when performing preoperative imaging

tests. For patients with SIT and surgical disease, it is important to

define the mirror-image characteristics to reduce the risk of

vascular abnormalities before surgery (18). In our case, CTU and

CTA were performed to visualise the tumour size and location as

well as to determine the spatial relationship between the tumour

and adjacent tissues. Additionally, the operation was performed

based on a three-dimensional (3D) reconstruction of the renal

vasculature that revealed the arterial orientation and variations of

the affected kidney. Complete separation of the renal arterial

divisions played a crucial role in reducing intraoperative bleeding
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FIGURE 3

The distribution of ports in this case (A). Specimen: tumour capsule integrity (B).

FIGURE 4

Microscopic appearance (A,B). Pathology revealed pT1aN0M0 Fuhrman Grade I ccRCC (hematoxilyn and eosin staining, ×200 (A), ×400 (B)).
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and ensuring high visibility and effective tumour control.

Intraoperative findings showed that the left renal artery had

anatomical variation, which was consistent with the preoperative

assessment, if this was incorrect, surgery may have damaged the
Frontiers in Surgery 05
347
renal artery and injured the kidney. In patients with SIT and

abdominal cocoon, RALPN is technically demanding because it

requires anti-conventional thinking and heightened awareness of

the mirror-image reversal of internal organs. In this report, the da
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Vinci Xi surgical system provided the operator with a surgical field

magnified by >10-fold, high-definition 3D images, and robotic

arms with seven planes of motion, and played an important role in

all aspects (19), allowing for easier and safer separation of bowel

adhesions, dissection of the renal hilum, separation of abnormal

renal arteries, identification of surgical margins, tumour resection

and wound closure with surgical precision.
Conclusions

PN is an extremely challenging procedure in patients with SIT

and abdominal cocoon. The da Vinci Xi surgical system and

thorough preoperative assessment allowed the surgeon to overcome

stereotyping, visual inversion, and successfully perform PN in a

patient with SIT and abdominal cocoon without increasing the risk

of complications and preserving as much renal function as

possible. Considering the satisfactory outcomes, this report may

hopefully provide a practical reference for the treatment of RCC in

patients with other special conditions.
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Case report: A de novo ERBB3
mutation develops in a
gallbladder cancer patient
carrying BRCA1 mutation after
effective treatment with olaparib
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Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 8Faculty of
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Background: Gallbladder cancer (GBC) is highly lethal and resistant to most

chemotherapeutic drugs. GBC was reported to carry multiple genetic mutations

such as TP53, K-RAS, and ERBB2/3. Here, we unexpectedly identified a patient

with GBC harboring germline BRCA1 p.Arg1325Lys heterozygous mutation. We

sought to determine if olaparib, the poly ADP-ribose polymerase inhibitor (PARPi)

commonly treated for BRCA mutation, can inhibit cancer development via a

therapeutic trial on this patient.

Case presentation: The patient received GBC R0 resection after an 8-week

olaparib treatment. After surgery and 6-month follow-up treatment with

olaparib, the patient’s blood carbohydrate antigen 19-9 (CA19-9) level declined

from 328 to 23.6 U/ml. No recurrence in CT scanning was observed, indicating a

disease-free survival of 6 months with conventional therapy. Two months later,

CT examination and CA19-9 level showed cancer relapse. A blood biopsy

revealed a new ERBB3 p.Gly337Arg mutation. GBC cell lines ectopically

expressing BRCA1 p.Arg1325Lys together with ERBB3 p.Gly337Arg mutations

were challenged with olaparib and/or afatinib, an ERBB2/3 inhibitor. The dual

mutation cells were more responsive to the combined olaparib with afatinib than

a single drug in the cell proliferation assay.
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Conclusion: Olaparib is effective in a GBC patient with a BRAC1 mutation. The

efficacy of olaparib and afatinib in both cultured BRAC1 and ERBB3 mutation cell

lines suggests that a combined regimen targeting BRCA1/2 and ERBB2/3

mutations may be an optimal strategy to treat GBC patients who carry both

gene mutations.
KEYWORDS

gallbladder cancer, dual targeted drugs therapy, olaparib, drug resistance,
conversion therapy
Introduction

Gallbladder cancer (GBC) is the most common type of biliary tract

malignant tumor and resists most chemotherapeutic drugs (1). The

incidence of gallbladder cancer in different regions varies, as it depends

on multiple cancer risk factors, including geographical region, gender,

age, and food intake (2). According to the database of the International

Agency for Research on Cancer (IARC) Globocan in 2020, there were

an estimated 115,949 new cases of GBC worldwide (contributing 0.6%

of new cases, ranking 25th out of 36 cancers in 185 countries), and

gallbladder cancer contributes to 0.9% of all cancer deaths annually.

Although divergent therapeutic approaches are currently

available to treat GBC patients, surgery is still the most acceptable

and effective means. However, a fairly large proportion of patients

missed the opportunity of surgical resection due to the lack of early

typical symptoms, thus accepting alternative non-surgical treatment

including chemo- and/or radiotherapy. In order to improve early

diagnosis, considerable efforts have been made to develop detecting

technologies with minimally invasive approaches. For example,

liquid biopsies containing circulating tumor cells (CTCs) and

circulating tumor DNA (ctDNA) from the blood have received

significant attention in the assistance of clinical diagnosis. The high

sensitivity of these techniques allows us to reveal tumor genetic

features with aberrant gene expressions and gene mutations, thus

providing great value for early diagnosis and therapy.

A plethora of research evidence has established the paradigm that

altered expressions of tumor oncogenes and/or suppressor genes drive

tumor cell proliferation and transformation in tumor development.

Elevated or mutated genes including ERBBs, TP53, EGF, CYP7A1, and

CCR5 emerge to regulate a variety of human cancer development (1).

For instance, mutation of BRCA1, a tumor suppressor gene, has been

shown to be intimately associated with the formation of familial breast

and ovarian cancer (3). Olaparib, a Food and Drug Administration

(FDA)-approved drug targeting BRCA1 and BRCA2 (BRCA1/2)

mutations, functions to inhibit poly ADP-ribose polymerase inhibitor

(PARPi). In clinical trials, PARPi has improved outcomes of BRCA1/2

mutated cancer patients including breast, ovarian, pancreatic, and

prostate cancers (4). While ERBB2/3 mutation was previously

discovered to mediate the malignancy of GBC, we still lack sufficient

knowledge on other gene mutations and the role of the co-existence of

ERBB2/3 mutation with BRAC1/2 mutation in the malignant
02351
transformation of patients with GBC. Here, we reported that a

gallbladder cancer patient with BRCA1 p.Arg1325Lys mutation

responded well to olaparib, but 6 months later, the patient exhibited

cancer relapse and developed ERBB3 mutation. Tumor cell lines

carrying BRCA1 and ERRB3 mutations were responsive to olaparib

and afatinib, suggesting that a combined regimen targeting BRCA1/2

and ERBB2/3 mutations may be an optimal strategy to treat GBC

patients who carried both gene mutations.

This study is a case report and agreed with the principles of the

CARE guidelines (5).
Methods

Clinical information

The patient provided informed consent before clinical examinations.

A 52-year-old man diagnosed with gallbladder cancer was recruited who

initially expressed right upper quadrant pain and obstructive jaundice. In

the intravenous contrast-enhanced CT and positron emission

tomography (PET)/CT, the images showed gallbladder cancer with

liver invasion (Figure 1). In addition, the images contained enlarged

retroperitoneal and left supraclavicular lymph nodes. Laboratory tests

showed abnormal liver function, with an alanine transaminase level of

241U/L and an aspartate aminotransferase level of 119U/L. The levels of

total bilirubin and direct bilirubin were elevated to 80.4 and 64.6 mmol/L,

respectively. Serum tumor biomarkers revealed an elevated level of

carbohydrate antigen 19-9 (CA19-9) to 328 U/ml (reference range,

<39 U/ml). The patient was evaluated to have unresectable locally

advanced gallbladder cancer finally.
Treatment

An endoscopic metal biliary endoprosthesis (EMBE) was

engaged first to release the biliary obstruction and the needle

biopsy from the liver confirmed adenocarcinoma with gallbladder

cancer origin (Figure 2A). After EMBE, liver function improved

significantly, and alanine and oxalacetic transaminases decreased to

61 and 40, respectively. Total bilirubin and direct bilirubin

decreased to 27.4 and 10.4, respectively. Jaundice basically subsided.
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The biopsy samples from liver metastasis were analyzed using the

next-generation sequencing (NGS) method. A germline BRCA1

p.Arg1325Lys heterozygous mutation was detected and further

confirmed by Sanger sequencing analysis. Subsequently, olaparib at

300 mg twice daily was given orally. The patient demonstrated

remarkable clinical improvement with moderate adverse reactions

such as nausea, diarrhea, or anemia in a course of 8-week treatment.

CT and PET/CT exhibited favorable responses of the tumor to the

treatment (Figure 1). The CA19-9 levels declined to 23.6 U/ml. His

liver function levels, including alanine aminotransferase, aspartate

aminotransferase, direct bilirubin, and indirect bilirubin, continued

to improve. The tumor can be resected surgically after evaluation. As

a result, the patient received radical surgery for the removal of the

gallbladder, liver segments 4B and 5, common bile duct, and extended

lymph node clearance. Histological examination of the resected

surgical specimen showed cancer-free margins. All the resected

lymph nodes were negative for metastasis. Thus, an R0 resection

was achieved following olaparib treatment (Figure 2). Liquid biopsy

with blood ctDNA after surgery showed the genetic signature of

BRCA1 p.Arg1325Lys mutation. Following surgery, the patient kept

receiving olaparib treatment at 300 mg twice daily for 6 months with

mild adverse reactions similar to those described earlier at a local

hospital. According to our follow-up, no tumor progression was

found on the patient’s examinations during the medication period.
Genetic mutation studies

Two months later with no drug treatment, the patient visited

our hospital again and displayed a poor quality of life. The CA19-9

levels of this patient showed an elevation to 38.4 from 26.3 U/ml,
Frontiers in Oncology 03352
and tumor regrowth was detected by CT scan images (not shown)

in a local hospital, indicating cancer relapse. According to ctDNA

analysis from blood biopsy, a new ERBB3 p.Gly337Arg mutation

was found. There was compelling evidence revealing the

development of some gene mutations such as RAD51C (6) and

Abcb1a after treatment with PARPi (7). In addition, our previous

studies demonstrated that ERBB3 mutation mediates gallbladder

cancer proliferation and progression (8, 9). Given this result, we

evaluated the patient’s general condition and devised the therapy

strategy to add ERBB3 mutation inhibitors for combination

treatment (olaparib plus afatinib). During the supportive

treatment in order to attenuate intestinal obstruction, the patient

exhibited cachexia and multiple organ functional failure with a

performance status (PS) score of 4 out of 5. The patient and his

family eventually chose to return to the local hospital for supportive

treatment. According to our follow-up, the patient’s general

condition continued to deteriorate and never improved. The

patient died in 43 days, missing the opportunity of the

combined therapy.
In vitro experiments

To examine if our early new therapeutic plan on the patient is

reasonable and effective, we sought to use cultured cells exposed to

olaparib and afatinib. Both wild-type and mutation constructs with

single BRCA1 mutation and double BRCA1 and ERBB3 mutations

were established in GBC cell lines GBC-SD and NOZ. After these

cells stably expressed these genes, cell viability was analyzed in the

presence of olaparib and/or afatinib. The results showed that GBC-

SD cell lines with only BRCA1 p.Arg1325Lys mutation were more
FIGURE 2

Histopathological examination of the specimens in pre- and post-olaparib treatment. (A) The cells (black arrow) from the infiltrating liver in pre-
olaparib treatment are markedly pleomorphic with enlarged irregular nuclei (hematoxylin and eosin; magnification ×400). (B, C) After treatment with
olaparib, only a very limited amount of cancer cells (black arrow) remained, and intense fibrosis developed (magnification ×100 in panel B and ×400
in panel (C). (D, E) The resected lymph node was negative for malignancy (magnification ×100 in panel D and ×400 in panel E).
FIGURE 1

Representative pre- (upper row) and post-olaparib (lower row) treatment showing radiologic evidence in a 52-year-old man with gallbladder cancer
harboring BRCA1 mutation. After 2 months of olaparib treatment, extensive metastatic lesions that involved the primary tumor (white arrow) and liver
invasion (white arrowheads) became markedly reduced, while the retroperitoneal lymph nodes (long white arrows) and left supraclavicular lymph
nodes (long white dotted arrows) disappeared when compared with those in the pre-olaparib treatment CT and PET/CT images.
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sensitive to olaparib when compared with the cells expressing the

wild type (Figures 3A, B). However, cells with dual mutations of

BRCA1 p.Arg1325Lys and ERBB3 p.Gly337Arg remarkably

exhibited olaparib resistance (Figures 3A, B). Nevertheless, when

afatinib was added, the sensitivity of these mutation cells to both

these drugs resumed, and the effect of combined therapy was

stronger than that of a single drug (Figures 3C, D). Similar results

were obtained in colony formation and EdU assays of olaparib and/

or afatinib on GBC cell lines ectopically expressing BRCA1

p.Arg1325Lys together with ERBB3 p.Gly337Arg mutations

(Supplementary Material Figures 1, 2). The results suggest that

the dual-targeted therapy may be more effective in gallbladder

cancer patients with both BRCA1 and ERBB3 mutations than a

single drug treatment.
Statistical method

For comparisons of two groups, Student’s t-test was applied if

no significantly different variances were present; otherwise, the

Mann–Whitney test was used p < 0.05 was considered

statistically significant.
Discussion

While BRCA1/2 mutation has frequently been identified in a

wide spectrum of cancers, including breast (10), ovarian (11),

pancreatic (12), and prostate (13) cancers, BRCA1 p.Arg1325Lys

has not been reported in GBC. This is the first time to demonstrate

that BRCA1 p.Arg1325Lys exists in GBC.

In concert with the sensitivities of mutated BRCA1/2 cancer

cells to PARPi, the patient responded well to olaparib, the first line

of targeted therapy approved by the FDA for BRCA1/2 mutated

cancers (14). After treatment with olaparib, CT and PET/CT
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showed dramatic restriction of the tumor. Histopathological

examination also showed only a few remaining tumor cells with

no lymph node metastasis. The blood levels of CA19-9 declined

from 328U/ml to the normal range. All the results demonstrated

favorable responses to BRCA1 mutation-targeted therapy.

Although it is one case reported with BRCA1/2 mutation in GBC,

the favorable clinical outcome has encouraged us to extend our

research in clinical trials with GBCs expressing BRCA1/2 mutation

in the near future.

Accumulating evidence indicated that cancer cells harboring

BRCA1/2 mutation are defective in double-strand DNA break (DSB)

repair, and these cells are sensitive to PARP inhibitors (15–18).

However, prolonged treatment with PARPi can eventually lead to

the occurrence of drug resistance. At present, at least four distinct

molecular mechanisms have been documented to explain PARPi

resistance (19): i) increased ability to export drugs, which could be

caused by overexpression of drug-efflux transporter genes (Abcb1a and

Abcb1b encoding for MDR1/P-gp and Abcg2) in cancer cells (7), ii)

increased activity and level of PAR chains through loss of PARG (20)

or PARP1 mutations that diminish trapping of protein on DNA (21),

iii) increased homologous recombination (HR) (22), and iv) replication

fork protection. For instance, there are defects of SMARCAL1,

ZRANB3, and HLTF that mediate double DNA chain fork, MRE11-

dependent degradation of nascent DNA in BRCA1/2-deficient human

cell lines (23). In addition, other mechanisms that downregulate DNA

repair pathways such as overexpression of histone methyltransferases

EHMT1/2 have also been reported to mediate PARPi resistance (24,

25). It is worthwhile to further decipher the molecular mechanisms

underpinning the acquired resistance to olaparib in our case.

The safety of PARPi has received significant attention, though

no obvious adverse and unanticipated events were observed in this

patient. Adverse events (AEs) may result in the termination of

PARPi treatment when AE has threatened the patients’ life. PARPi

has a high risk of serious AE (SAE)- and AE-related discontinuation

of treatment compared with placebo (26). This suggests that in the
D

A B

C

FIGURE 3

Cell viability of GBC-SD and NOZ cells expressing BRCA1 p.Arg1325Lys and ERBB3 p.Gly337Arg mutation. (A) GBC-SD cells expressing BRCA1 wild
type (wt) or BRCA1 p.Arg1325Lys (mut) or both BRCA1 p.Arg1325Lys (mut) and ERBB3 p.Gly337Arg (mut) responded to olaparib (20 mM) over 192 h.
(B) NOZ cells expressing both BRCA1 and ERBB3 wt or BRCA1 p.Arg1325Lys and ERBB3 p.Gly337Arg mutation responded to olaparib (20 mM) and
afatinib (10 mM). (C) GBC-SD cells expressing both BRCA1 p.Arg1325Lys and ERBB3 p.Gly337Arg mutation responded to olaparib and afatinib.
(D) NOZ cells expressing both BRCA1 p.Arg1325Lys and ERBB3 p.Gly337Arg mutation responded to olaparib and afatinib.
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clinical application of PARPi, drug safety and AE should be

particularly taken into account.

The combined therapy of PARPi with a DNA damage repair

blocker such as topoisomerase I poison inhibitor was reported to

sensitize tumor cell death and improve patient prognosis (27). In

addition, a conjunction treatment of PARPi with anti-angiogenesis

and anti-immune checkpoint drugs was also practiced in the clinical

trials. However, the underlying mechanisms of these treatments

remain to be clarified. Here, we found that the patient developed a

new gene mutation with ERBB3 p.Gly337Arg when the disease did

not respond to olaparib. It remains to be investigated if ERBB3

mutation is mechanistically associated with BRCA1 mutation.

Nevertheless, our results with GBC cultured cell lines, which

ectopically expressed both BRCA1 p.Arg1325Lys and ERBB3

p.Gly337Arg, developed resistance to olaparib. In contrast, single

BRCA1 p.Arg1325Lys-mutated cells failed to grow in the presence

of olaparib. Thus, dual inhibitors with olaparib and afatinib

recapitulated the sensitivity of these cells to decreased cell growth,

offering effective means to treat both mutations in GBC.

Compared with other previous cases of olaparib in the treatment of

BRCA1 mutant gallbladder cancer (28, 29), the progression-free

survival of the patient in our case was similar, but the mutation sites

were different, which further demonstrated the feasibility of olaparib in

the treatment of BRCA1 mutant gallbladder cancer. Different from

other cases, the patient in this case was first treated with olaparib to

shrink the tumor and successfully achieve R0 resection, thus achieving

conversion therapy, which also provides a new idea for the surgical

treatment of gallbladder cancer. In addition, this patient developed a

new gene mutation with ERBB3 p.Gly337Arg, which was also one of

the possible reasons for the progression of the disease. We also verified

the effectiveness of dual-targeted drug therapy to a certain extent

through an in vitro experiment, providing some ideas and references

for similar situations that may occur in the future.

In summary, we reported that a patient with GBC harboring

BRCA1 mutation initially responded well to olaparib. After a 6-

month course of treatment, the patient developed an additional

ERBB3 mutation, which led to the failure of the PARPi therapy. A

dual BRCA1/2 and ERBB2/3 mutation-targeted therapy may

suggest a benefit to GBC patients who carry both mutated genes.
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Case report: L5 tomita En bloc
spondylectomy for oligometastatic
liposarcoma with post adjuvant
stereotactic ablative radiotherapy
Priyanshu Saha1,2*, Mohsen Raza2, Angelo Fragkakis2, Bisola Ajayi2,
Timothy Bishop2, Jason Bernard2, Aisha Miah3, Shane H. Zaidi3,
Mohamed Abdelhamid4, Pawan Minhas2 and Darren F. Lui2

1School of Medicine, St George’s, University of London, United Kingdom, 2Department of Complex
Neurosurgery, St George’s University Hospitals NHS Foundation Trust, United Kingdom, 3Department of
Sarcoma, Royal Marsden NHS Foundation Trust, United Kingdom, 4Department of Vascular Surgery, St
George’s University Hospitals NHS Foundation Trust, United Kingdom

Introduction: Tomita En-bloc spondylectomy of L5 is one of the most challenging
techniques in radical oncological spine surgery. A 42-year-old female was referred
with lower back pain and L5 radiculopathy with a background of right shoulder
liposarcoma excision. CT-PET confirmed a solitary L5 oligometastasis. MRI showed
thecal sac indentation hence wasn’t suitable for Stereotactic Ablative Radiotherapy
(SABR) alone. The seeding nature of sarcoma prevents the indication of separation
surgery hence excisional surgery is considered for radical curative treatment. This
case report demonstrates dual-staged modified TES including the utilisation of
novel techniques to allow for maximum radical oncological control in the era of
SABR and lesser invasive surgery.
Methods: First-stage: Carbonfibre pedicle screws planned from L2 to S2AI-Pelvis,
aligned, to her patient-specific rods. Radiofrequency ablation of L5 pedicles prior to
osteotomy was performed to prevent sarcoma cell seeding. Microscope-assisted
thecal sac tumour separation and L5 nerve root dissection was performed. Novel
surgical navigation of the ultrasonic bone-cutter assisted inferior L4 and superior S1
endplate osteotomies. Second-stage: Vascular-assisted retroperitoneal approach at
L4–S1 was undertaken protecting the great vessels. Completion of osteotomies at
L4 and S1 to En-bloc L5: (L4 inferior endplate, L4/5 disc, L5 body, L5/S1 disc and S1
superior endplate). Anterior reconstruction used an expandable PEEK cage obviating
the need for a third posterior stage. Reinforced with a patient-specific carbon plate
L4–S1 promontory.
Results: Patient rehabilitated well and was discharged after 42 days. Cyberknife of
30Gy in 5 fractions was delivered two months post-op. Despite left foot drop, she’s
walking independently 9 months post-op.
Conclusion: These are challenging cases require a truly multi-disciplinary team
approach. We share this technique for a dual stage TES and metal-free construct
with post adjuvant SABR to achieve maximum local control in spinal oligometastatic
disease. This case promotes our modified TES technique in the era of SABR and
separation surgery in carefully selected cases.

KEYWORDS

spinal oligometastatic disease, sarcoma, case report, dual stage tomita en bloc spondylectomy,
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Introduction

Total En Bloc Spondylectomy (TES) is a radical surgical

technique first pioneered by Katsuro Tomita for solitary spinal

metastases (1, 2). Its use in oligometastatic lesions of the spine

aims to improve prognosis and oncological curability for patients

via complete surgical resection rather than the piecemeal excision.
Case presentation

A middle-aged African female underwent previous excision of

lipoma of the right shoulder in 2018. She then had recurrence of

the lump and was diagnosed with pleomorphic liposarcoma of the

right shoulder. This was treated with pre-operative neo-adjuvant

radiotherapy and en bloc resection in 2018. She was otherwise fit

and well, working full time and regularly active and independent

of all activities of daily living.

She reported low back pain with left leg radiculopathy radiating

to the lateral foot in April 2020 with no bladder or bowel disturbance.

Her oncology team organised a computed tomography scan which

showed a solitary L5 lytic bone metastasis. After referral to our

specialist unit, we obtained a single-photon emission computed

tomography to confirm this was a solitary oligometastatic lesion.

She was not eligible for SABR due to the fractured posterior wall

and the lesion abutting the thecal sack. The lesion was already

known to be radio insensitive. Piecemeal, palliative decompression

is generally not advisable for sarcoma due to the risk of

aggravation and further seeding.

She was referred to our complex Spine Multidisciplinary Team

(MDT) meeting. The case was discussed between the oncologist,

radio-oncologist and spinal team. The management plan was

decided to be a L5 Tomita En bloc spondylectomy resection to

provide maximal local control (Figure 1).
Patient care timeline

Pre-operative planning

The patient underwent Magnetic Resonance Imaging (MRI)

whole spine, computerized tomography (CT) thorax, abdomen and

pelvis, CT angiogram spine and whole-body Positron Emission

Topography scan (PET). She underwent extensive pre-operative

planning and was counselled on the risks of the surgery including

high rate of morbidity and mortality. Consent for these procedures

in view of Montgomery in the UK means that paternalistic

medicine is not appropriate, and all options and risks must be

advised to the patient. Particular note was given to permanent

neurological deficit with L5 nerve root sacrifice but also injury to

cauda equina. Vascular injury was of significant risk, and she was

reviewed by the Vascular surgeon separately.

Carbon Fibre pedicle screws and rods were planned for this lady

to ensure post-operative surveillance imaging could be optimal with

no artefact. Furthermore, post adjuvant radiotherapy could be

planned and delivered with more precision.
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Carbon rods are rigid, and the pedicle screws have only 10

degrees of polyaxial movement making the insertion of this

instrumentation technically challenging with little room for error.

One method we employed to mitigate error was the use of 3-

Dimensional printed model of the spine with bespoke jigs to allow

pre-planned drilling of pedicles and insertion of carbon screws in a

predetermined alignment.

En bloc resection of the posterior elements requires the pedicles

to be osteotomised. Prior to this step, radiofrequency ablation of the

pedicles was planned to help mitigate any living sarcoma tissue

seeding.

A custom-built carbon spondylectomy cage was considered

against an expandable poly-ether-ether-ketone (PEEK) cage.

Fortuitously her pelvic incidence was 50 degrees and the L4–S1

lordosis of the PEEK Cage has an adaptable maximum lordosis of

25 degrees. A greater lordosis would have required a custom-made

carbon cage.

Endoscopic equipment was prepared to help separate tumour

from thecal sac as well as microscopic techniques to identify,

isolate and preserve nerve roots but also to surgically sacrifice the

right L5 nerve.

A multi-disciplinary team approach was required due to the

complexity of the lesion and proximity to neurovascular structures.

Teams involved included: Orthopaedic Complex Spine team,

Neurosurgery, Vascular surgery, Anaesthetics, Radiologists,

Intensive care, Physiotherapy and Occupational therapy.
Surgical methods

The patient underwent a planned two-stage procedure with the

primary aim being excision of L5 vertebra with stabilisation. She

was categorised as an ASA 2 by the anaesthetic team. Spinal cord

monitoring was undertaken for the duration of the operation.

First stage of the L5 Tomita en-bloc spondylectomy involved a

posterior approach with dissection performed from L2 to pelvis.

Skeletisation of the spine was performed, and the 3D printed

navigation jigs were applied for segmental pedicle screw fixation

with carbon fibre instrumentation. Carbon fibre pedicle screws

were inserted from L2 to S2AI.

Intraoperative CT was performed to navigate the en bloc

resection of the posterior elements of L5 requiring full removal of

L4 and S1 posterior elements to fully visualise L5. Radiofrequency

ablation was performed to the L5 pedicles with use of

radiofrequency probes. The pedicles of L5 were cut with a

navigated ultrasonic bone cutter allowing for precise cuts and

protection of the nerve roots. Soft tissue dissection around the

whole L5 posterior segment was performed.

Intraoperative microscope was utilised to perform careful

separation of tumour from dura whilst preserving the tumour

capsule and to safely mobilise nerve roots of L4–S1 and dissect

surrounding soft tissue. An endoscopic set was at hand to assist in

the separation of tumour from thecal sac. Epidural vessel bleeding

was appropriately controlled.

A bovine dural patch was laid in front of the dura and anterior

the thecal sac and to all nerve roots. Under navigation the

ultrasonic bone cutter was then used to make posterior to anterior
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FIGURE 1

Patient Care Timeline.
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cuts through the endplate of L4 and S1. The osteotomy gaps were

filled with haemostat and sealed with bone wax. The posterior

neural arch of L5 was removed en bloc.

Calibration of the ultrasonic bone cutter is possible with the 3D

CT and spinal navigation set. After the soft tissue separation of

tumour from thecal sac and the L5 nerve roots were freed, the

Carbon Fibre Rods were inserted, and we used cross connectors for

added stability. Even with the 3D printed navigation jigs inserting

screws for pre-planned alignment for a rigid rod, there was still

significant technical difficulties creating the posterior construct.

Antibiotic-impregnated beads were then laid into the wound.

Closure was performed in layers with a drain inserted.

The first procedure was approximately 15 h and involved both

Complex Spine and Neurosurgical teams operating. The operation

was undertaken successfully, and the patient remained stable
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throughout. Spinal cord monitoring remained satisfactory

throughout the operation. She was kept in ICU overnight in

preparation for the second stage the next day.

The second stage commenced with an anterior approach

(retroperitoneal) performed with the Vascular team. A long

crescent shaped anterolateral oblique approach was chosen coming

from the left side. The bowel and great vessels were mobilised, and

careful dissection was performed to expose the anterior aspect of

the lumbar spine from L3 to S1. The vasculature to L5 was

identified and smaller contributing vessels such as the iliolumbar

veins were ligated. Sympathetic chain was visualised and protected

when possible.

The previous L4 and S1 osteotomy cuts were identified and

completed with use of the ultrasonic bone cutter again by cutting

from anterior to posterior to meet the former cuts under direct
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vision and image intensifier. The L5 vertebra was removed and sent

for histological analysis.

During the removal of L5 En bloc, a tear was caused to the left

common iliac vein. This was repaired and the patient transfused

intra-operatively. The removal of the L5 vertebrae also avulsed the

left L5 nerve root taking the proximal root from within the thecal

sac, a complication that was outlined as a strong possibility during

the consenting process.

The expandable PEEK cage was assembled and filled with peptide

enhanced bone graft. It was inserted under II guidance and expanded

until press fit tightness and stability was achieved. The benefits of

locking the posterior screws were expanding against a fixed point

to deliver stability.

An overlying custom-made carbon plate and titanium screw

construct was inserted covering L4 to S1. Cement augmentation

was also applied for additional stability at two of the small screw

sites holding the plate.

Closure was performed in layers and no further drains were

inserted. Spinal cord monitoring showed some partial loss of left

L5 nerve root, but activity was still noted due to cross over.

The second stage lasted approximately 9 h, with the total

operating time over the two staged days equaling over 24 h. The

patient was haemodynamically stable at the end of the surgery and

was transferred directly to ICU.
Post-operative management

The patient remained in Intensive Care Unit (ICU) and was

transferred to the ward once stable a few days later. The patient

made a steady recovery and had satisfactory post-operative check

imaging (CT spine, MRI spine) with stable fixation noted.

She was reviewed daily by the Orthopaedic Complex Spine team

with no major complications noted. Her left partial foot drop made

small improvements during the time of her inpatient stay and she

was fitted with an Ankle and Foot Orthosis splint for mobilising.

She was able to mobilise as tolerated with the aid of a

Thoracolumbar Sacral Orthosis brace. She received daily

physiotherapy and occupational therapy and made good progress

and was able to independently mobilise with the aid of a frame

after 5 weeks.

She also received input from the pain team and cancer

psychology support team during her admission. She developed no

surgical site infections or post-operative complications such as

chest infection, deep vein thromobis or pulmonary embolism.

A PET scan performed shortly prior to discharge revealed a right

sided sacral fracture, although the patient was not symptomatic and

did not affect her mobility. The scan also revealed the presence of

possible metastases in the scapula and femur, and she was to be

discussed at the Oncology MDT on discharge.

Patient was discharged after a total of 42 days. She continued her

oncology follow-up which included Cyberknife deliverance of 30Gy

in 5 fractions in accordance with UK consensus. The patient was

well and mobilized independently pain-free 9 months

postoperatively in spinal outpatient clinic with no local recurrence

shown in PET scan.
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Discussion

The concept of “oligometastases” as an intermediate state

between localised disease and widespread metastases was first

proposed in 1995 by Hellman and Weichselbaum (3). The clinical

implications of this are an opportunity to perform targeted local

treatment of limited metastatic disease with the aim of potential

curative treatment and progression-free survival. The spine is a

common site of metastases and is a source of significant morbidity

and mortality (4–6).

Tomita et al. developed the technique of Total En bloc

spondylectomy (TES) via a two-step technique: an en bloc

laminectomy via a posterior approach followed by en bloc resection

of the anterior portion (vertebral body) with an oncological wide

margin and subsequent insertion of vertebral prosthesis (1). Prior

to this, conventional treatment involved piecemeal excision of

malignant tissue which had a high possibility of tumour cell

contamination of surrounding tissues, potentially contributing to

incomplete tumour resection and recurrence of disease.

Previous reports of total corpectomy or spondylectomy for

reducing local recurrence of a vertebral tumour showed positive

clinical results (7–14). TES differs by involving En Bloc removal of

the lesion via removal of the whole vertebra (both body and

lamina) as one compartment (13).

Initial results for TES in thoracolumbar spinal metastases showed

improved clinical outcomes such as pain relief, improved

neurological deficit and prevention of impending paralysis (1).

Longer-term follow up for patients undergoing TES showed mean

length of survival was 38 months (rage 6–84 months) and 93%

achieving local control and 32% still alive at last follow-up review

(15). Similar encouraging prognostic outcomes have been shown

with mortality rates less than 1%, morbidity less than 10% and

median survival time longer than 3 years (16, 17).
Stereotactic ablative radiotherapy

In relation to sarcoma, United Kingdom guidelines advise

surgery as the gold standard for all adults with localised soft tissue

sarcomas (18). The primary aim of surgery is to completely excise

the tumour with a margin of normal tissue. Pre and/or post-

operative radiotherapy is recommended along with surgical

resection for majority of patients. Pre-operative treatment with

chemotherapy and/or radiotherapy should also be considered

depending on histology (18). Radiotherapy for intermediate and

high grade sarcomas may be highly challenging, depending on the

complexity of the affected body site, which could recommend the

use of advanced stereotactic techniques (19).

Radiotherapy treatments for spinal oligometastatic disease

include Stereotactic ablative radiotherapy (SABR). This method is

beneficial as a precise high dose of radiation is targeted to the

spinal lesions and causes tumour ablation whilst minimising

damage to local healthy tissue (18). Several studies have shown the

benefit of this treatment in oligometastatic spinal disease in

outcomes such as tumour control, pain control, toxicity and

morbidity (20–28).
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CyberKnife is a non-surgical and non-invasive form of SABR

that delivers effective tumour control (29, 30). In our patient, she

was not eligible for this treatment due to the fractured posterior

wall and the lesion abutting the thecal sack. In addition, the lesion

was already known to be radio insensitive. Our MDT opted for

surgical intervention in the form of L5 en bloc spondylectomy as

piecemeal, palliative decompression is generally not advisable for

sarcoma due to the risk of aggravation and further seeding. The

patient underwent CyberKnife SABR post-operatively as part of her

ongoing oncological management.
Carbon fibre constructs

Carbon fibre implants have increasingly been used because metal

hardware can limit post-operative radiotherapy due to its scattering

effect of ionising radiation. Carbon fibre fixation systems

(including rods and screws) can make post-operative radiotherapy

easier and more effective due to its radiolucent nature and reduced

interference with ionising radiation and accelerated particles (30).

Studies have shown the benefit this intervention on improving

radiotherapy treatment accuracy and its radiolucent benefit in the

follow-up of patients to allow early detection of local recurrence

(31–33). For these reasons, we decided to utilise carbon fibre

pedicle screws and rods in combination with an expandable PEEK

cage. To help protect the cage from migrating, we applied a

custom carbon plate anteriorly.

Titanium within the target area introduces imaging artefact to

the planning CT due to its very high electron density causing

beam hardening, partial voluming and missing projection data,

making it harder to visualize and accurately delineate the target for

treatment. An MRI scan is used to help delineate the target and

organs at risk, including the spinal cord / cauda equina; this scan

is also affected by metal artefact which not only reduces its

usefulness for delineation but also makes the task of registering the

MRI to the planning CT much more difficult. Metal artefact on

CT misrepresents the electron density in the area surrounding the
FIGURE 2

X-Sight Spine tracking DRRs from planning system.
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metal, leading to inaccuracy in the calculation of dose in these

regions. Furthermore, the dose calculation algorithms used by

treatment planning systems are known to be less accurate at

boundaries between tissues of different densities, under-estimating

the dose at the interface between tissue and metal (caused by

backscatter) and over-estimating the dose in the shadow of the

metal (caused by increased attenuation) (34). When planning

pelvic SABR treatment for patients with prosthetic hips, planning

strategy would be to avoid allowing beams to enter through the

prosthesis; however, this strategy is not practical for vertebral

SABR, where the metalwork immediately surrounds the target area

and may even pass through it.

For CyberKnife SABR treatments, the imaging artefact can also

cause issues with the X-Sight Spine tracking method used to track

the position of the target throughout treatment. (Figure 2) The

tracking method uses a feature-based recognition algorithm to

identify the patient position from kilovoltage images acquired every

45–90 s; this cannot be performed reliably if the images are

compromised by metal artefact, so the tracking “mesh” has to be

placed further away from the target.

Using carbon rather than titanium for the reconstruction resolves

all these issues as the density of carbon (1.8 g/cm3) is much lower

than that of titanium (4.5 g/cm3), so does not cause artefact in the

planning image and can be modelled more accurately by the

planning system.
Cyberknife dosage fractionation

The Gross Tumour Volume and Clinical Target Volume were

drawn following consensus guidelines (35) and expanded by 2 mm

for PTV according to local protocol. Prescribed dose was 30Gy

delivered in 5 fractions in order to meet the UK consensus dose

constraint for bowel (36), with Planning Target Volume coverage

compromised to meet the cauda equina (2 mm Planning Organ as

Risk Volume) dose constraint. Treatment planning was performed

using Accuray Precision version 2.0.1.1 and treatment was
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delivered using a CyberKnife VSI with the Iris collimator. The

treatment plan comprised 240 non-coplanar, non-isocentric beams

with an estimated delivery time of 45 min per fraction. Because of

the use of carbon fixtures for the reconstruction, we were able to

track directly on the target area with no issues (Figure 3).
Custom 3d printed surgical navigation guide

To aid with the carbon fibre pedicle screw placement, we used a

custom 3D printed surgical navigation guide (37). Custom 3D

printed guides have been shown in a recent systematic review and

meta-analysis to reduce operative time, blood loss and achieve

excellent screw placement compared with freehand techniques (38).
FIGURE 3

Dose distribution from planning system.
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We specifically required the guide to enable the S1 screws

divergence to allow for the S1 cuts. The S2AI screw head

alignment needed to be perfectly aligned with lumbar segment as

there is no flexibility and is totally rigid with the construct. The

low polyaxial nature of the screws makes them similar to

monoblock screws which means cephalad caudal alignment is as

important to medial lateral alignment so that the rod sits flush to

the tulip at each level.
Radiofrequency ablation

Prior to pedicle insertion, we used cool Radiofrequency

Ablation System for theoretical destruction of sarcoma cells
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to prevent live tissue seeding. Studies have also shown its

benefit in pain improvement in patients with metastatic bone

disease (39).
Spinal surgery infection prophylaxis

Following fixation of the cage construct, we applied antibiotic-

impregnated calcium sulphate beads into the wound upon closure.

These beads have been increasingly used in certain orthopaedic

procedures as it has proven efficacy against biofilms and has

predictable supra-therapeutic antibiotic elution profile over 40 days

(40, 41). It has also been shown to be beneficial in several spinal

implant fixation cases (42–44).
Peptide enhanced bone graft

The expandable PEEK cage was filled a peptide enhanced bone

graft which allows ectopic bone growth on the implant only.

Studies have shown its high efficacy in spinal fusion rates with

good post-surgical outcomes, including in patients with poor bone

regenerative capacity quality (45, 46).
Multidisciplinary approach

As this was a surgically complex case with high risk for

morbidity and mortality, we adopted a multi-surgical specialty

approach including the help of our hospital Vascular surgery

team. The anterior approach to the lumbar spine is often not

favoured by spinal surgeons or neurosurgeons due to the

unfamiliarity and potential risk of serious vascular or visceral

damage (47). Vascular complications are often related to the need

to mobilise the great retroperitoneal vessels and other adjacent

structures for exposure to the anterior lumbar spine. It is argued

that the operating team should require vascular and general

surgical skills in order to both perform the exposure and deal

with any resulting complications (47). Although there has been

debate about whether the presence of an “access surgeon” has a

beneficial effect on complication rates for anterior lumbar spinal

surgery, a recent systematic review and meta-analysis did report

lower overall postoperative complication rates, lower reoperation

rates and lower prosthesis complications and recommended

availability of an access surgeon where exposure may be difficult

(47–50). We greatly appreciated the expertise of our vascular

surgeon and indeed required his specialist input intra-operatively

when there was a tear to the left common iliac vein which was

successfully repaired.
Take-away lessons

We present a challenging case of an L5 en bloc spondylectomy for

a case of oligometastatic liposarcoma performed at our specialist

complex spinal unit. Our reported extensive pre-operative planning

and specialist intra-operative techniques may be of assistance to
Frontiers in Surgery 07
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others taking on these surgically challenging cases. We recommend

a truly multi-disciplinary team approach for pre, intra and post-

operative stages when managing such complex cases including

Complex Spine team, Neurosurgery, Vascular surgery, Anaesthetics,

Intensive care, Radiologists, Radiotherapy Physicists, Oncologists,

Physiotherapy, Occupational therapists, Psychologists and specialist

nursing staff.
Patient perspective

Thank you very much to the spinal team and my doctors that

performed this surgery and saving my life. I received excellent

care before I got admitted, before my operation, during my

hospital stay and was kindly looked followed up when I went

home. The surgeons were very reassuring and provided me with

good care. I also received lots of reassurance and support during

my cancer hospital follow up when getting radiotherapy after my

operation.
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Nephron sparing surgery for a
patient with a complicated solitary
functioning kidney and a giant pT3
renal cell carcinoma: A case report
Minghao Yu, Jiatong Zhou, Xun Shangguan, Subo Qian, Jie Ding
and Jun Qi*

Department of Urology, Xinhua Hospital Affiliated to Shanghai Jiaotong University School of Medicine,
Shanghai, China

A solitary functioning kidney (SFK) with renal cell carcinoma (RCC) is an imperative
indication for nephron-sparing surgery (NSS). Nevertheless, a giant pT3 RCC mass
(maximum diameter >20 cm) on the functioning side of a patient with SFK is
extremely rare. However, whether NSS is more beneficial than radical
nephrectomy (RN) in such patients is controversial. Here, we present the case of a
71-year-old female patient with a 20 cm*16 cm RCC mass in the SFK, who initially
presented with hematuria and acute urinary tract obstructive anuria caused by
renal calculi. The patient underwent NSS treatment after our evaluation, and the
26-month follow-up revealed that her renal function recovered to the state before
the tumor formation. In addition, no relapse or metastasis was detected.

KEYWORDS

solitary functioning kidney, nephron-sparing surgery, renal cell carcinoma, acute upper

ureteral obstruction, case report, open nephrectomy

Introduction

Solitary functioning kidneys (SFK), whether congenital or acquired, are very common in

the clinic. However, when malignant tumors occur in the unilaterally functioning kidney, the

condition of patients with SFK becomes much more complicated. Providing proper

management for these patients and improving the prognosis remains a knotty problem

for urologists.

Nephron-sparing surgery (NSS) is the standard treatment for patients with tumors in the

SFK. Although partial renal parenchyma has been reserved after NSS, the question of whether

patients could achieve oncological control and renal function preservation depends on the

tumor size, together with the presence of serosal infiltration, lymph node involvement, and

distant metastasis. In addition, the surgical scheme, the skills of surgeons, and rational

adjuvant therapy are also closely related to good long-term prospects. Owing to the

difficulty of achieving total excision during the operation, tumors with a locally extensive

size have a higher relapse or metastasis rate than small ones after NSS (1). Therefore, the

National Comprehensive Cancer Network Clinical Practice Guidelines in Oncology (NCCN

Guidelines, V1.2021) recommend only NSS for patients with stage pT3 when it is clinically

indicated (2). However, both the American Urological Association Guidelines (AUA

Guidelines, 2021) and the European Association of Urology Guidelines (EUA Guidelines,

2022) do not recommend NSS for patients with pT3 RCC (3). Selecting NSS or radical

nephrectomy (RN) for patients with RCC in the SFK remains a matter of controversy.

Herein, we report the case of a patient with pT3aN0M0 renal cell carcinoma (RCC) in

the SFK. The patient displayed symptoms of acute upper ureteral obstruction and was
01 frontiersin.org365
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diagnosed with a 20 cm*16 cm malignant tumor mass in the right

kidney by positron emission tomography-computed tomography

(PET-CT) imaging, in addition to a pathological examination in

Shanghai, China. After a multidisciplinary discussion, our

surgery team implemented an NSS scheme on the patient that

included open right partial nephrectomy, together with the

removal of calculi, pyeloureteroplasty, and nephrostomy. The

most recent renal function examination showed that the serum

creatine (SCr) level, the blood urea nitrogen (BUN) level and the

estimated glomerular filtration rate (eGFR) were close to those

before RCC formation. So far, no serious surgical complications

or acute renal injury (AKI) have occurred, and a postoperative

follow-up revealed no metastasis. We present the following

article under the CARE reporting checklist.
Case presentation

A 71-year-old female was referred to the outpatient clinic of our

hospital because of non-induced hematuria for 1 week and anuria for

1 day, accompanied by a fever (38.7°C) (4 July 2020). The patient was

in poor health since she had suffered from hypertension and diabetes

for many years. Her left kidney failed to function because of atrophy

caused by unilateral renal calculi 20 years ago (eGFR of the left kidney:

2.64 ml/min/1.73 m2). Bilateral multiple renal calculi were found

under a B-ultrasound. In addition, CT imaging of the abdomen

showed a right renal mass (211 mm× 159 mm) but revealed no

hemorrhagic foci around the mass or thrombi in the renal vein

(Figure 1A). The SCr level indicated serious renal decompensation

(456.7 umol/L). Since the right renal mass showed no signs of

rupture, we initially attributed the hematuria and fever symptoms

to the acute upper ureteral obstruction caused by renal calculi. In

order to alleviate the symptoms of urinary tract obstruction and

infection, we performed ureteroscopic lithotripsy and double-J stent

placement in the right ureter along with anti-infection treatment (5

July 2020). However, the patient presented with gross hematuria,

dysuria, and fever again only a few days after the double-J stent was

removed (30 July 2020). A PET/CT scan revealed a space-

occupying lesion with increased metabolism at the lower pole of the

right kidney but no obvious metastasis in the whole body. Several

enhancement patterns around the mass were also presented by the

scan, and we considered them to be signs of hemorrhage (30 July

2020). The laboratory examination revealed that the SCr level was

187.6 μmol/L, and the BUN level was 19 mmol/L, which indicated

that renal decompensation still existed. The renal function test

showed that the eGFR of the right kidney was 23.9 ml/min/1.73 m2

(31 July 2020). To study the characteristics of the giant mass, an

ultrasound-guided renal biopsy was performed, and pathology

reported RCC [renal adenocarcinoma, grade IV according to the

International Society of Urological Pathology (ISUP) grading

system, with transcription factor EB (TFEB) amplification] (31 July

2020) (Figure 2A). As the patient and her family requested to

preserve renal function, our surgical team decided to perform NSS

on the patient after a discussion, using RN and emergency

hemodialysis as alternate schemes.
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Considering the large size of the renal mass, our surgical team

settled on an open partial nephrectomy (OPN) to remove it. The

operation was scheduled 18 days after the biopsy (18 August

2020). We prescribed Amlodipine Besylate and Novolin to

control blood pressure and blood glucose, in addition to

Aztreonam for anti-infection before the operation. The CT

angiography (CTA) presented the origin of the extrarenal arterial

blood supply of the tumor mass but revealed no vascular

abnormalities in the functioning kidney (5 August 2020). The

preoperative dialysis was performed to depress the SCr level, and

the SCr level was 234.6 umol/L before the operation (17 August

2020). In addition, steps were taken to ensure that the liver and

kidney functioned normally so that the patient could tolerate the

surgery. During the operation, an L-shaped incision was made by

the surgeon in the right upper abdomen, finding the giant RCC

mass on the ventral side of the lower right kidney with ureteral

dilatation. The surgeon completed the dissection of the perirenal

adipose tissue in order to expose the tumor mass and shifted a

considerable part of the mass out of the body for the convenience

of surgical operations. In addition to the tumor resection, the

surgeon removed the calculi in the upper segment of the renal

pelvis and ureter and a part of the renal calyces and then

performed the right pyeloureteroplasty procedure to help

maintain renal function and a nephrostomy to facilitate

postoperative drainage. The renal artery was clamped during the

mass resection, and the total ischemia time was 110 min. Thus,

our surgical team placed ice crumbles around the surgical field to

reduce the renal surface temperature and preserve renal function.

The total bleeding volume was 800 mL, and the transfused red

blood cells (RBCs) and plasma levels were 4U and 400 mL,

respectively. The resected mass weighed 5.8 kg (Figures 2B–D). A

postoperative abdominal CT scan (August 25, 2020) indicated the

total resection of the RCC mass (Figure 1B), and a pathological

examination of the RCC mass showed that the renal sinus

adipose tissue was involved locally, with no obvious breakthrough

of fibrous capsule and no tumor involvement in the renal cutting

edge or perirenal adipose tissue (pT3aM0N0, UISS III). After

nearly 2 weeks of the surgery, the result of a renal function

examination revealed that the SCr level was 240.8 μmol/L and the

BUN level was 10 mmol/L (30 August 2020). The patient did not

take any medicine after NSS and was followed up every 3

months. Now, 26 months have passed since the operation, and

the latest chest and abdominal CT scanning showed no sign of

relapse or metastasis (June 3, 2022) (Figure 1C). In addition, the

most recent follow-up revealed that the SCr level was 189.5 umol/

L (Figure 1D), the BUN was 17.74 mmol/L, and the eGFR of the

right kidney was 30.3 ml/min/1.73 m2 (22 August 2022). The

complete timeline is shown in Figure 3.
Discussion

SFK refers to a condition in which patients have two kidneys

anatomically but have to rely on one to support normal

physiological activity since the other one has failed to function.
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FIGURE 1

(A) Preoperative abdominal CT examination showing a 20 cm*16 cm RCC mass (the red arrow). (B) Abdominal CT scan after 1 week of the operation
indicates a complete resection of the giant RCC mass. (C) The most recent abdominal CT scan indicates no sign of relapse. (D) The tendency chart
presents the changes in the SCr level along with the progression of disease and treatment. CT, computed tomography; RCC, renal cell carcinoma;
SCr, serum creatine.
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Acquired SFK usually results from unilateral renal trauma or severe

calculus obstruction. When the acquired SFK is complicated with

RCC, the tumor mass on the functioning side always leads to

renal failure. Thus, for those patients with acquired SFK and

RCC in whom surgery is indicated, a timely resection of the

tumor mass is vital for saving their lives. Choosing the

appropriate type of operation is the key to reliable oncological

control and decreasing the probability of postoperative

complications for these patients.

SFK is considered the imperative indication for NSS, while NSS

is not recommended for pT3/pT4 RCC patients (2, 3). For patients

with pT3 RCC, most guidelines recommend RN for tumor

resection. When surgeons deal with pT3 RCC in patients with

SFK, the question of which type of treatment, NSS or RN, could

benefit patients more begs an answer. The major advantage of

NSS for patients with SFK is to preserve a partially functioning

kidney and prevent them from submitting to renal replacement

therapy or renal transplantation. In addition, accumulating

evidence supports that NSS could achieve similar overall survival

(OS) and cancer-specific survival (CSS) rates with RN, and the

preservation of renal function helps patients improve their

quality of life after the operation. Moreover, NSS significantly

reduces the incidence of long-term cardiovascular accidents and
Frontiers in Surgery 03367
chronic kidney disease (CKD). However, performing NSS on

patients with pT3 RCC is a great challenge for surgeons, as the

radical resection of RCC masses is difficult to perform during

NSS. Studies have shown that for patients with pT2-pT4 RCC,

margin positive rates are higher in those who receive NSS than

in those who receive RN. Due to the relatively long operation

and ischemia time, patients with a large-volume RCC who

undergo NSS are prone to having short-term complications

(4–6). In summary, we can conclude from the above comparison

that NSS and RN have their own advantages and disadvantages

in dealing with patients with pT3 RCC. In terms of the surgical

approach, laparoscopic nephrectomy has been proven to have

many advantages, while we chose OPN for our patient because

of its ease of operation and to avoid tumor rupture during

resection. No serious complication occurred after the OPN

procedure, which proves that OPN is still a good choice when

handling locally complicated and large RCCs.

Preoperative examination and treatment are indispensable

steps in the process of resection. A general examination should

be carried out to check whether general health conditions such

as blood pressure, cardiac function, pulmonary function, and so

on enable patients to withstand surgery. Adjustments for

comorbidities in addition to abnormal bleeding and coagulation
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FIGURE 2

(A) Pathological examination of renal biopsies: renal adenocarcinoma, ISUP grade IV; (B) Exposure of the surgical field and the clamping of the renal
artery; (C) A considerable part of the RCC mass was shifted out of the body for the convenience of surgical operations; (D) weighing and
measurement of the RCC mass. ISUP, International Society of Urological Pathology; RCC, renal cell carcinoma.
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function are necessary. For patients with poor general conditions,

NSS is not recommended (7). The preoperative eGFR and Scr

levels need to be evaluated to check renal function before

surgery. The abdominal CT scan and CTA assist surgeons to

assess the tumor complexity and uncover aberrant vessels, which

are crucial for the evaluation of surgical complexity and

outcomes. Clinical trials of neoadjuvant TKI-drug therapy found

that high-risk RCC patients (pT3, pT4, and N+) enjoyed disease-

free survival (DFS) benefits and a reduction in tumor volume

(8). The results indicated that preoperative neoadjuvant therapy

with targeted drugs could help some patients switch from RN to

NSS. The patient in our case did not receive neoadjuvant therapy

before the operation. Owing to the symptoms of acute ureteral

obstruction and the huge volume of RCC mass, urgent surgery

was required, and hence, we dealt with only her basic disease

condition and decreased the SCr level.

Surgeons might choose RN to ensure the total resection of RCC

masses from patients with pT3 RCC in an SFK, which will reduce
FIGURE 3

Timeline of the medical history, examination, and treatment.
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the risk of tumor relapse. However, the most prominent

disadvantage of this surgical choice is that patients need to

receive renal transplantation or long-term hemodialysis after RN.

This will severely affect their daily lives and place a huge

economic burden on their families. Therefore, in addition to a

comprehensive evaluation of the patient and tumor, the opinions

of the patient and their family are also very important when

choosing the type of surgery. Before a decision is made on the

surgical scheme, surgeons should fully communicate with

patients and their families and honor the wishes of patients. Our

patient and her family strongly requested that we preserve the

functioning kidney, and in response, we carefully considered the

opinions of the patient and her family before making the decision.

We have summarized some key points that were worth noting

during NSS. Before blocking the renal artery, the size and firmness

of the artery clamp should be checked in order to avoid incomplete

blocking of vessels, which might cause intraoperative bleeding. The

surgeon has to mark the resection range of the tumor mass along
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the edge of the normal renal tissue to make sure that the mass or

the pseudocapsule is not ruptured, and then, carefully cut

approximately 0.5 cm–1 cm away from the edge of the mass to

maintain the integrity of the tumor capsule, which is significant

for complete excision and preventing tumor rupture during NSS.

It is widely recognized that a short ischemia time is crucial for

preserving renal function after the operation. Previous research

suggested that human kidneys could tolerate 30–60 min of

controlled clamp ischemia with minor damage renal parenchyma

and no acute renal function loss. However, Bravi et al. reported

that a distinct difference existed in the risk of AKI between

patients who had an ischemia time <10 min vs. >20 min (9). In

our patient, the ischemia time was much longer than 60 min.

Nevertheless, the patient still successfully preserved her renal

function, and AKI did not occur after the operation. We believe

that the ice in the surgical field greatly helped in preserving the

renal parenchyma to the maximum extent. Along with the

experience from other NSS cases, we suggest that surgeons lower

the temperature of the surgical field to approximately 15–0°C,

which could preserve the renal function from being damaged

within 2 h. Postoperatively, the exact suture of the wound is

critical for preventing bleeding. As OPN always results in deep

wounds, a multilayer suture is recommended. We hope our tips

could provide some reference for peers who handle similar cases.

Regular postoperative follow-up could help surgeons detect

tumor recurrence, metastasis, renal insufficiency, and other

problems on time and deal with them immediately. The follow-

up should include renal function tests, a chest and abdominal

CT examination, and laboratory examinations that measure the

serum parameter of renal function. The patient reported in our

case was followed up every 3 months, and the chest and

abdominal CT examination revealed no signs of relapse or

metastasis to date.
Conclusions

Our case provides evidence that NSS is a reasonable option for

SFK patients with a local pT3 RCC. We believe that a

comprehensive evaluation of the patient’s general condition, renal

function, and tumor complexity is crucial for the formulation of

the surgical plan. In addition, there are many important points

to consider during NSS for the preservation of postoperative

renal function and the prevention of perioperative complications.

We hope to share our experience with our peers who handle

similar cases.
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Background: Epithelioid hemangioendothelioma (EHE) is an extremely

uncommon malignant neoplasm that originates from vascular endothelial or

pre-endothelial cells. In this report, we present the case of patient who was

diagnosed with a primary giant EHE of the spine and underwent treatment with

total en-bloc spondylectomy (TES).

Case presentation: A 43-year-old male patient with a history of he presented to

our hospital with chronic and progressive back pain. Physical examination

revealed weakened sensation of acupuncture and touch on the left costal

arch, while relatively normal neurological functions were preserved.

Radiological examinations identified a giant destructive soft tissue lesion

occupying the T8 vertebral region, with moderate destruction of the pedicle

and lamina, as well as the 7th left rib. A preoperative biopsy of the 8th vertebra

resulted in a diagnosis of epithelioid hemangioendothelioma(EHE). Postoperative

immunohistochemical and pathological reports confirmed the presence of EHE

in the left ribs and T8 ribs. The patient underwent resection of the 7th left rib and

posterior pedicle screw fixation with 8 pairs of screws and a titanium mesh cage.

Subsequently, thoracic en bloc spondylectomy was performed on the T8

vertebra. The patient did not receive radiation or chemotherapy following

surgery. Over a period of 3 years, the patient remained free of disease and

relapse.

Conclusion: The use of transarterial embolization with spherical embolic agents

(TES) has been demonstrated to be a safe, effective, and reliable treatment option

for hepatic epithelioid hemangioendothelioma (EHE). Nevertheless, it is crucial to

conduct long-term follow-up of this patient in order to assess their clinical

outcome.

KEYWORDS

epithelioid hemangioendothelioma, total en-bloc spondylectomy, vertebral lesion,
vascular neoplasm, giant
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Introduction

Epithelioid hemangioendothelioma (EHE) is an exceedingly

uncommon tumor that originates from vascular endothelial or pre-

endothelial cells. This neoplasm exhibits histological properties that fall

in between those of hemangiomas and high-grade angiosarcomas.

Although EHE can manifest in any organ of the body, it is most

frequently observed in the liver, lung, and skin, but rarely affects the

spine (1, 2). Epithelioid hemangioendothelioma (EHE) has a

prevalence of one in a million (3). Although mortality is generally

low, some cases can lead to death due tometastases (4). Atypical

localized pain is the most frequent early symptom of EHE, which serve

as an indication of the disease that can later progress into a chronic

illness (5). Consequently, the exclusion of other diseases in patients

with primary spinal tumors can occasionally lead to an accidental

diagnosis of EHE.

Despite its relatively low mortality, delayed diagnosis and

treatment of EHE can result in a protracted and potentially fatal

illness. Nonetheless, we report a case of primary giant EHE of the

spine in which the patient underwent early wide-margin resection

without postoperative adjuvant therapy. As a result, the patient

achieved long-term survival free from disease and without any

instrument-related complications.
Case report

A 43-year-old man presented to our hospital on foot with

chronic and progressive back pain. He had been experiencing

paroxysmal back pain for approximately 1 year., which was more

pronounced at night and not relieved by rest. In the 15 days leading

up to his admission, the back pain had intensified, accompanied by

mild radiating pain and numbness in his lower limbs. The patient

did not report any other physical discomfort, except for the pain,

and denied any disease-related complaints. Upon further inquiry,

he reported a slight weight over the past month. The patient had no

significant strong family medical history of cancer or

congenital diseases.

Upon physical examination, the patient exhibited weakened

sensation to fine-touch and pinprick along his left costal arch, as

well as grade 4 strength in his lower extremities. Pressure and

percussion pain were observed over the T8 vertebra. However, the

straight-leg raising test and the Babinski sign were bilaterally

negative. The patient’s bilateral deep tendon reflexes for the

Achilles tendon and knee jerk reflexes were normal. And no

anomalies in the spinal cord or neurological conditions in the

upper extremity were noted. Nonetheless, the patient exhibited

evident anxiety and a strong desire for surgery.

Diagnostic tests were conducted to identify cancer cell markers,

and routine laboratory tests were performed to determine the
Abbreviations: EHE, epithelioid hemangioendothelioma; TES, total en-bloc

spondylectomy; MRI, magnetic resonance imaging; CT, computed tomography;

FLI-1, friend leukemia integration 1 transcription factor; WWTR1, WW domain-

containing transcription regulator 1; CAMTA1, calmodulin-binding

transcription activator 1.
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patient’s condition. The laboratory results were almost within the

normal range, which increased uncertainty regarding the diagnosis

of EHE, except for the elevated levels of carcinoembryonic antigen

alpha-fetoprotein was elevated (16.81 ng/ml, normal: <8.78 ng/ml)

and cytokeratin 19 fragment Cyra21-1 (2.74 ng/ml,normal: <2.08

ng/ml). A thoracic magnetic resonance imaging (MRI) revealed a

vertebral lesion, which was assessed to determine the degree of

flexibility of the vertebral spine, and a surgical intervention

approach was finalized as the treatment course.

The MRI showed a giant destructive soft tissue lesion occupying

the T8 vertebral region with moderate destruction of the pedicle

and lamina (Figures 1A, B). Another lesion was found on the

seventh left rib (Figure 1C). The preoperative medical tests,

including an electrocardiogram and chest CT scan (Figure 2).

Previous studies have recommended preoperative embolization

to generally “shrink” the tumor (5). Therefore, vascular

embolization was planned and performed. Preoperative

angiography showed abundant blood supply in the tumor

(Figure 3). To decrease intraoperative blood flow volume and

maintain vital signs, four segmental arteries were embolized 12

hours preoperatively. EHE was ultimately diagnosed by a standard

biopsy to determine the therapy course. Neuroelectromyography

testing was not performed and an IV infusion of cephalosporin was

administered 30 minutes before surgery to prevent infection.

Tranexamic acid was not administered for prophylactic

hemostasis. In consultation with a thoracic surgeon and an

anesthesiologist, resection of the 7th rib and total en-bloc

spondylectomy (TES) were performed sequentially. The patient

was positioned right lateral decubitus and the rib was resected.

During costectomy, a mass measuring 4.5 × 11 cm could be

recognized, and no implant nodules, hydrothorax, or visible

abnormality in the lungs were found around the 7th rib

(Figure 4A). The patient was then transferred to prone location of

TES. During TES, the pedicles of T6, T7, T9, and T10 were fixed

with routine screws first (Screws are made of titanium alloy.

Lengths are T6:35mm, T7:35mm, T9:35mm, T10:40mm,

respectively. Diameters are T6:40mm, T7:40mm, T9:40mm,

T10:45mm, respectively). C-arm fluoroscopy showed satisfactory

positioning of the pedicle screws bilaterally. The left 8th vertebral

body was exposed, and a giant tumor invading the vertebral body

and the costovertebral joint was resected (Figure 4B). An

appropriate titanium mesh cage was implanted and the incision

was closed with drains. The whole surgical procedure was

successful, and the intraoperative blood loss was only about 1000

ml. The proper placement of the surgical implants was immediately

checked by X-ray.

Postoperative pathology reports confirmed the diagnosis of

EHE. Microscopic examination revealed that mostly eosinophilic

endothelial cells constituted the tumor, without any well-formed

vessels (Figure 5). Immunohistochemical staining was performed

for friend leukemia integration 1 (FLI-1), CD31, and CD34

expression. Combined CD31 and FLI-1 staining suggested the

diagnosis of EHE (Figure 6). In this case, the tumor sample was

also positive for endothelial markers such as smooth muscle alpha-

actin. Moreover, cytokeratin (AE1/AE3), indicating epithelial

origin, was positive, with 8% of the cells being Ki-67-positive.
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During a recent postoperative follow-up after the surgery, there

was no indication of any tumor progression or the emergence of any

new symptoms (Figure 7). However, the patient and their family

have politely declined radiation treatment. Currently, the patient’s

back pain has been relieved, and the sensory function, including

fine-touch and pinprick sensation, of the left costal arch has

returned to normal.
Discussion

Primary spinal EHE is a rare type of malignancy, accounting for

only 1% of all malignant bone tumors (6). EHE is characterized by

polygonal or round epithelioid endothelial cells with abundant
Frontiers in Oncology 03373
eosinophilic hyaline cytoplasm and vesicular nuclei. Due to its

local aggressiveness and metastatic potential, EHE is considered to

have histological features that fall between those of hemangioma

and high-grade angiosarcoma. Typically, most patients in the early

stages of EHE development are asymptomatic, and the accidental

discovery of the tumor during routine physical examinations is a

common way to achieve early diagnosis. Although patients may not

place importance on the most common symptom of atypical local

pain, EHE can still lead to complications and mortality (Table 1).

However, our study demonstrated significant therapeutic effects

during the follow-up period.

Pathological examination is considered the gold standard for

EHE diagnosis. In this case, we performed immunohistochemistry,

and the examination results were consistent with diagnosis of EHE.
A B C

FIGURE 1

Preoperative MRI scan of the patient’s thoracic spine (A–C). Sagittal scan revealed the density of obvious bone destruction in the T8 on T1 and T2-
weighted images (A, B). Transverse MRI scan showed a 6.5cm x 2.0cm sized and well-defined lesion occupying the T8 vertebral body, pedicle and
lamina (C).
A B

FIGURE 2

Preoperative transverse CT scan (A, B) showed the tumor occupied the 8th thoracic vertebral body and 7th rib.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1109643
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Ge et al. 10.3389/fonc.2023.1109643
However, with advancements in medical technology, new

approaches such as molecular genetic testing can be applied to

further clarify the diagnosis of EHE. A specific recurrent WWTR1-

CAMTA1 gene fusion has been detected in the majority of EHE

patients, and this genetic hallmark can be used as a new diagnostic

indicator of EHE (11). Additionally, the detection of the WWTR1-

CAMTA1 gene fusion can distinguish EHE from other benign or

malignant vascular tumors (11, 12). Some recent studies have

suggested that an alternate YAP1-TFE3 fusion, found in a subset

of cases, may also be meaningful in EHE diagnosis. However, it

remains unclear whether the YAP1-TFE3 gene fusion should be

used to identify EHE (12). In the present case, preoperative

puncture biopsy, clinical symptoms, and imaging features

suggested that the patient required surgical intervention.

Therefore, we performed TES, which resulted in satisfactory

clinical results. We also recommended that the patient and his

family undergo genetic testing. However, although we suggested
Frontiers in Oncology 04374
genetic testing, the family members refused, and we believe that this

did not affect the patient’s treatment and prognosis.

There are no standard treatment courses available for the

management of spinal EHE. Preoperative embolization and

surgical resection, followed by postoperative radiotherapy and/or

chemotherapy, are the alternative options. Surgical resection is

generally considered the optimal treatment approach (13).

However, en-bloc resection of spinal EHE can be challenging due

to the highly vascular nature of the tumor and the risk of

intraoperative bleeding. The extent of surgical can range from

wide margin to marginal or intralesional resection. Several clinical

studies suggest that wide resection (i.e., TES), should be performed

to achieve favorable outcomes (14). Luzzati et al. reported the

largest case series of ten spinal EHE patients and found that

patients who received relatively broad or marginal resection had

better prognoses (15). While TES is currently considered the

preferred choice to control spinal EHE progression, further
A B

DC

FIGURE 3

Preoperative angiography of the 7th and 8th thoracic vertebral segment arteries showed that the tumor had a rich blood supply, and embolization
was performed.
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analysis of large volumes of clinical outcomes and substantial

experimental data is needed to establish the ultimate conclusion.

In our case, we successfully performed a wide resection and

achieved a clear resection margin.

In addition to surgery, systemic therapy, including

chemotherapy and radiotherapy, may also benefit patients with

spinal epithelioid hemangioendothelioma (EHE) According to a

few reports, radiotherapy for partially excised spinal EHE lesions

can be effective (8). Moreover, some clinical centers use radiation

(45–50 Gy) as a postoperative systemic treatment to achieve long-

term local control and pain relief (16). While systemic therapy can

provide physiological support for patients who refuse other
Frontiers in Oncology 05375
treatments (17, 18), surgery remains the optimal treatment choice.

However, there is currently no evidence to support a strong

correlation between chemotherapy or radiotherapy and good

prognosis in patients with spinal EHE. In our case, the patient

declined radiation or chemotherapy treatment, and we followed the

patient for 3 years without observing tumor recurrence. We plan to

extend the follow-up period if necessary. Our patient, who received

only extensive resection surgery with favorable outcomes, may

provide insight for developing a standardized treatment plan for

EHE in the future. In contrast, expectant observation may be an

alternative approach for unresectable tumors or those that may lead

to severe complications if resected.
FIGURE 5

Histopathology of the resected mass. High-power magnification (200×) shows cords and groups of epithelioid cells in a dense without well-formed
vascular structures.
A B

FIGURE 4

En-bloc excision tumor specimen in T8 and part of 7th rib of the patient and corresponding perspective image (A, B). Both images showed the
integrity of tumor and the lesion was completely removed.
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A B

FIGURE 6

Immunohistochemical stain of the resected mass. (A, B) Tumor cells expressed CD31 (A) and FIL-1 (B). Both immunohistochemical stain were in
100×magnification.
A B

FIGURE 7

3 months follow-up after the surgery, x-ray display of thoracic spine showing transpedicular screw and a titanium mesh were used in the
reconstruction of the stability of the spine in patient. (A: orthotopic position, B: side position).
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Regarding prognosis, patients with multifocality, pleural

involvement, lymph node invasion, or remote metastases generally

have considerably poor outcomes. Conversely, patients without these

adverse factors have an average 5-year survival rate of >70% (9). In this

case, only one lesion was presented, and there was no evidence of

multifocality, pleural involvement, lymph node involvement, or

metastasis. According to Rosenbaum et al. (9), satisfactory clinical

outcomes can be achieved after standard surgical treatment and 3 years

of tumor-free survival. However, according to recent research, the

WWTR1-CAMTA1 gene fusion may indicate that other genetic

anomalies can lead to more aggressive biological behavior (9).

Simultaneously, the 5-year survival for WWTR1-CAMTA1 fusion is

59%, compared to 86% for YAP1-TFE3 fusion (9). Some asymptomatic

patients may also have a good prognosis through careful monitoring, as

spontaneous regressions have been reported (7). Unfortunately, our

patient declined the proposal for genetic testing.We believe that genetic

detection is significant for the prognosis of EHE patients and for EHE

prevention in their families. Screening for the gene mutation causing

EHE in other family members can enable early diagnosis and prompt

treatment, particularly for asymptomatic family members, to prevent

distant metastases and poor prognosis. The prognosis of EHE varies

depending on anatomical site. EHE of soft tissues can be indolent.

However, EHE arising in the lung or bone have a worse prognosis than

soft tissue tumors, and patients often present with metastatic disease.

Additionally, in the recently identified YAP1-TFE3 subset of cases, the

metastatic rate may be higher. A traditional risk stratification is based

on mitotic activity and tumor size. During the one-year follow-up, the

patient reported remission of back pain and no recurrence of pain.

This case report has several limitations that should be

acknowledged. The follow-up period is less than 5 years, and the

study involves only one patient. Therefore, to accurately evaluate the

therapeutic effect of TES, multicenter, large-sample, long-follow-up

randomized controlled trials are necessary. Additionally, the patient
Frontiers in Oncology 07377
did not undergo genetic testing, which limits the ability to make

definitive conclusions regarding the impact of genetic anomalies on

the clinical outcomes of EHE. As such, genetic counseling and

education should be offered to patients and their family members

for prevention, early diagnosis, and treatment.

Conclusion

TES has been demonstrated to be safe, effective, and reliable

for the treatment of EHE, and in this case, we were able to

successfully diagnose and treat the patient. Nonetheless, the

patient requires long-term follow-up to assess the clinical

outcome and to determine if any recurrence or metastasis

occurs. This is especially important given that EHE is known to

have a variable clinical course and prognosis, which can be

influenced by a range of factors such as genetic anomalies,

tumor location, and disease stage. Long-term follow-up will also

provide additional insight into the efficacy and safety of TES as a

treatment modality for EHE. This study was reported in

agreement with principles of the CARE guidelines (19).
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TABLE 1 Complications and mortality of EHE in the references of other authors.

Author Case
number

Patient
age &

Segment Therapeutic regimen Follow-up
time #

Complication Mortality

Kitaichi,
Nagai (7)

Male [8] 14–69 Lung Surgical resection;Chemotherapy. 320 Pleural effusion;
Ascites;

23.8%

Female
[13]

15–62

Aflatoon,
Staals (8)

Male [3] 21–31 Spine Surgical resection;Radiation
therapy.

120 Postirradiation
sarcoma;

Back pain; Lung
Metastatic disease.

12.5%

Female [5] 25–74

Rosenbaum
(9)

Male [4] 28–62 Lung; Liver;
Bone;

Soft tissue.

Surgical resection; Systemic
treatment.

300 Acute myeloid
leukemia;
Disease.

25%

Female [6]

Shiba, Imaoka
(10)

Male [22] 18–78 Lung; Liver;
Bone;

Surgical resection;Chemotherapy 120 Metastatic disease. 28%

Female
[20]

Deyrup,
Tighiouart (4)

Male [28] 9–93 Head and neck;
Extremities;
Mediastinum;

Trunk; Genitals and
retroperitoneum.

Surgical resection;Chemotherapy;
Radiation therapy.

60 Metastatic disease. 19%

Female
[21]
fr
& represents years; # indicates months.
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informed consent was obtained from the participant/patient(s) for

the publication of this case report.
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Case Report: Solitary metastasis
to the appendix after curative
treatment of HCC
Zun-Yi Zhang, Yu-Wei Wang, Wei Zhang and Bi-Xiang Zhang*

Research Laboratory and Hepatic Surgery Center, Department of Hepatic Surgery, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan, China

Background: Liver cancer is now the fourth most common cancer in China. The
most important factor in decreasing the overall survival is recurrence. Nearly
40%–70% of patients would be detected with intrahepatic or extrahepatic
recurrence in 5 years after R0 resection. The intestine is not a usual site for
extrahepatic metastasis. Only one case of hepatocellular carcinoma (HCC)
metastasis to the appendix has been reported so far. So, it poses a difficulty for
us to develop treatment plan.
Case presentation: Here, we report a very rare case of a recurrent HCC patient. R0
resection was first performed on this 52-year-old men who was diagnosed with
Barcelona Clinic Liver Cancer stage A HCC. Different from other cases, a solitary
metastasis to the appendix was detected 5 years after the R0 resection. After
discussing with the multidisciplinary team, we decided to perform surgical
resection again. The final postoperative pathology confirmed HCC. Complete
responses were detected in this patient after the combined treatment of
transarterial chemoembolization, angiogenesis inhibitors, and immune
checkpoint inhibitors.
Conclusion: Because solitary metastasis to the appendix in HCC is very rare, this
case might be the first reported in HCC patients after R0 resection. This case
report highlights the efficacy of the combination of surgery, local regional
therapy, angiogenesis inhibitors, and immune treatment in HCC patients with
solitary metastasis to the appendix.

KEYWORDS

HCC, metastasis, appendix, resection, systemic treatment

Introduction

Liver cancer is now the fourth most common cancer in China (1, 2). Hepatocellular

carcinoma (HCC) represents the majority of primary liver cancer. Nearly 40%–70% of

patients would be detected with intrahepatic or extrahepatic recurrence in 5 years after R0

resection (3). The most common recurrence pattern is intrahepatic recurrence.

Extrahepatic metastasis is relatively low in incidence. The most common sites of

extrahepatic metastasis are the lungs, bones, lymph nodes, and adrenal glands (4). The

intestine is not a usual site for extrahepatic metastasis. So far, only one case of HCC

metastasis to the appendix has been reported (5). Also, the appendix was found with

metastasis because the tumor lesion in the liver ruptured. Solitary metastasis after R0

resection of HCC might be the first reported after we reviewed the domestic and

international literature.

Because this kind of metastasis is rare and lacks imaging features, it is easily

misdiagnosed as appendicitis. We need to solve the problem of improving the accuracy of

the diagnosis and prolonging the patient’s survival time. According to the conventional
01 frontiersin.org379
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view, extrahepatic metastasis of HCC usually means a worse

prognosis (6). Most advanced-stage HCC patients would die of

liver failure because of the progression of intrahepatic lesions

rather than extrahepatic metastasis (7). Although with a high risk

of recurrence, the selected patients with resectable extrahepatic

metastasis could achieve an acceptable prognosis after R0

resection. With the improvement of medicine in liver cancer, the

evolving role of immune checkpoint inhibitors (ICIs),

angiogenesis inhibitors, and local regional treatment offers great

promise in treating HCC patients with a high risk of recurrence

(7). Nonetheless, no well-designed large samples of clinical

control study have been reported. Thus, this poses a difficult

problem for clinicians.

Herein, we report one case of an HCC patient with solitary

metastasis to the appendix 5 years after R0 resection of the

intrahepatic lesion. In this case report, we have two objectives.

The first is to highlight that the appendix might be a site of

tumor recurrence after R0 resection of the primary site of the

liver. The second is to highlight that resection of the solitary

metastasis to the appendix combined with local regional

treatment, immune checkpoint inhibitors, and angiogenesis

inhibitors could prolong the survival time of such patients. This

study was reported in agreement with the principles of the

CARE guidelines (8).
FIGURE 1

(A) Arterial phase of the liver-enhanced CT scan showing the tumor lesion in
showing the tumor lesion in segments 5 and 6; the arrow points at the liver l
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Case presentation

A 52-year-old men with hepatitis B virus-associated chronic

hepatitis was diagnosed with HCC at the clinic in 2016. No other

specific family and psychosocial history including relevant genetic

information should be reported. Physical examination showed no

positive results. The patient’s alpha-fetoprotein (AFP) was

49.36 ng/mL. A computed tomography (CT) scan showed that

liver tumors were located in segments 5 and 6 (Figures 1A,B).

The Child–Pugh Score was A with five points. The BCLC stage

for this patient was A. After confirmation of no surgical

contraindications, robotic-assisted laparoscopic segmentectomy 5–6

was performed on this patient. The surgery went without a hitch.

The resected specimen was extracted from the lower abdomen

with a specimen bag. The pathologic result confirmed the hepatic

lesion was primary middle differentiated HCC (Figures 1C,D).

After the resection, this patient accepted the antiviral treatment.

Every 3 months, this patient came back to our department to

recheck his tumor biomarkers (AFP, abnormal prothrombin DCP)

and to undergo radiology tomography (ultrasonography, MRI, or

CT). There was no sign of recurrence until 3 years after the

surgery. On 29 December 2019, this patient returned to our

department because of the elevated level of AFP. After an MRI

scan, a new tumor lesion with a diameter of 2 cm was detected in
segments 5 and 6. (B) Portal venous phase of the liver-enhanced CT scan
esion. (C,D) HE staining of pathological diagnosis.
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FIGURE 2

(A) Arterial phase of the Liver-enhanced computed tomography (CT) showing the tumor lesion in the appendix, the arrow point at the appendix. (B) portal
venous phase of the the Liver-enhanced computed tomography (CT) showing the tumor lesion in the appendix, the arrow point at the appendix. (C, D)
The HE stain of pathological diagnosis. The black arrow point at tumor lesion. The red arrow point at the appendix.
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segment 7. Then, microwave ablation was performed on this hepatic

lesion. The AFP level soon came back to the normal range after the

surgery. On 6 March 2021, this patient returned to our department

for the symptoms of acute appendicitis. The AFP and DCP levels

were found to be elevated slightly. After the enhanced CT scan, a

tumor with a diameter of 2 cm was found to adhere to the tip of

the appendix (Figures 2A,B). No sign of recurrence was detected

in the remnant liver at the same time. Although it is very rare,

this patient was diagnosed with solitary metastasis of HCC to the

appendix. After discussing with the multidisciplinary team,

laparoscopic appendectomy was performed on this patient on 12

March 2021. The pathologic diagnosis confirmed that the lesion

adhered to the appendix was a metastatic HCC (Figures 2C,D).

The metastatic lesion had invaded all the layers from the serous

membrane submucosa. After appendectomy, this patient followed

the routine follow-up every 3 months in our clinic. On 15 January

2022, this patient was found to have elevated AFP and DCP levels.

After the MRI scan, we found multiple recurrent intrahepatic

lesions in the right half of the liver. The maximum diameter of

the recurrent intrahepatic lesion was 2 cm (Figures 3A,B). After

multidisciplinary team discussion, transarterial chemoembolization

(TACE) combined with angiogenesis inhibitors (lenvatinib) and

ICIs (PD-1 antibodies) was administrated to this patient. After 4
Frontiers in Surgery 03381
months, the CT scan showed that the typical site of liver

metastasis had been covered by iodized oil (Figures 3C,D). The

AFP level was found to decrease to the normal range (Figure 4A).

So far, this patient has survived for 7 years, and the disease was

found to be in a stable state. The timeline for this patient’s

treatment is summarized in Figure 4B.
Discussion

Based on the latest report from China (9), HCC is now the

fourth-most malignancy and the third leading cause of mortality.

Surgical treatment including hepatectomy and liver transplantation

as the only way to cure the disease is the most commonly used

treatment to improve the survival of patients. However,

postoperative recurrence within 5 years still could be observed in

40%–70% of patients (7). The most common sites of extrahepatic

recurrence are the lungs, bone, lymph nodes, adrenal glands, and

brain, in that order (4). Intestinal metastasis is not a common site

of metastasis, which was reported in 0.5%–4% of HCC patients

(10, 11). So far, there is only one case that has reported a patient

with tumor lesions in the liver and appendix concurrently (5). The

cause of metastasis to the appendix was thought to be the rupture
frontiersin.org
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FIGURE 3

(A,B) PWI of the MRI scan showing the typical metastatic tumor in the liver; the arrow points at the lesion. (C,D) After TACE combined with angiogenesis
inhibitors and ICIs, the typical lesions of the liver were covered by iodized oil, which were shown in the CT scan.

FIGURE 4

(A) AFP level of this patient from the first detection of HCC to the last treatment. (B) Timeline of the treatment for this patient.
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of an exophytic HCC into the peritoneal cavity and subsequent

implantation of the tumor nodule onto the serosal surface of the

bowel (5). Compared with metastatis to the appendix, metastatis

to the colon was relatively common. The cause of metastasis to

the colon could be stratified into two major reasons. One is the

implantation of tumor cells. The other one is hematogenous
Frontiers in Surgery 04382
metastasis (5, 12). Table 1 shows a summary of patients with

colon/appendix metastasis from HCC obtained after research in

the domestic and international literature. The median time from

initial HCC to colon/appendix metastasis is 7 years (Table 1).

Among the reported cases, only two cases had a history of tumor

rupture (5, 13). Three patients had metastasis to the colon/
frontiersin.org
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TABLE 1 Summary of cases reported in HCC patients with colon/appendix metastasis.

Case Year Author Age Sex Previous treatment Time from initial HCC to
colorectal/appendix
metastasis (years)

History of
tumor
rupture

Site of
metastasis

Treatment after
finding of
metastasis

Survival after
the treatment

1 2021 Miyauchi et al. (20) 80 Male Segment hepatectomy
and radio-frequency
ablation (RFA)

5.3 No Ascending colon Resection and
lenvatinib

30 months

2 2021 Mu et al. (15) 86 Male TACE and microwave
ablation

10 No Hepatic flexure Colostomy 10 months

3 2020 Yu et al. (13) 60 Male Hemihepatectomy and
TACE

10 Yes Descending
colon

Hartmann
Procedure

Over 3 months

4 2020 Kim et al. (18) 72 Male Hemihepatectomy 3 No Ascending colon Resection 6 weeks

5 2019 Pham et al. (19) 60 Male TACE 1 No Sigmoid colon Resection Not mentioned

6 2019 Tagliabue et al. (14) 70 Male TACE No mentioned No Sigmoid colon Resection Not mentioned

7 2016 Wu et al. (21) 54 Male Segment-hepatectomy 5 No Ileocecal
junction

Right-half colon
resection

4 years

8 2010 Yoo et al. (16) 47 Male TACE 1.5 No Sigmoid colon Anterior
resection

Over 4 months

9 2008 Kim et al. (5) 50 Male None At the same time Yes Appendix Appendectomy Not mentioned

Zhang et al. 10.3389/fsurg.2023.1081326
appendix without a history of tumor rupture or hepatectomy

(14–16). So, the cause of the metastasis to the colon or appendix

may be complex. Implantation or hematogenous metastasis could

both be a major cause. Our patient reported here was found to

have appendix metastatis 5 years after when the tumor was R0-

resected. We thought that the reason for metastasis for this patient

was implantation. During the first surgery, the HCC specimen was

taken out of the patient by a specimen bag from the lower

abdomen. Although we were careful during the process, cell

exfoliation still could happen. After we rechecked the pathological

figure, we finally confirmed that tumor tissues had invaded all the

layers from the serous membrane to the submucosa.

According to the Barcelona Clinic Liver Cancer (BCLC) staging

system (17), the detection of extrahepatic metastasis indicates an

advanced stage. Rather than resection, systemic treatment or

conservative treatment would be recommended for such patients

based on the BCLC staging system. The prognosis of such patients

would be extremely poor, and the median survival time is expected

to be nearly 1 year. However, according to the Chinese National

Liver cancer stage system and the consensus on multidisciplinary

management of recurrent and metastatic HCC after resection,

resection could be recommended for patients with solitary

metastasis (1, 7). The prognosis of recurrent HCC patients after

repeat resection was found to be associated with the

clinicopathologic characteristics of primary HCC and recurrence

interval (7). In most reported cases mentioned in Table 1, surgery

was performed to cure abdominal pain or intestinal obstruction

rather than to cure HCC (13, 18–21). The overall survival since the

detection of colon/appendix metastasis of the reported cases varied

from 6 weeks to 5 years. The overall survival depends mainly on

the liver function, tumor burden, and performance status of the

patient. If the performance status is acceptable and complete

resection is possible, aggressive resection might lead to a prolonged

prognosis. For this patient, we found only recurrence in the tip of

the appendix, which could be R0-resected at the first time, which

means resection might be an acceptable choice.

Although R0 resection could be performed on HCC patients with

solitary extrahepatic metastasis, a high risk of recurrence still existed
Frontiers in Surgery 05383
(22). Because extrahepatic metastasis usually means that the tumor

cell has penetrated into the blood vessel. Therapy used in patients

with a high risk of recurrence was still under exploration. For now,

only TACE has been confirmed with the effect of reducing the

recurrent rate in random clinical trials (23). In this clinical trial,

patients who received adjuvant TACE had a significantly longer

3-year recurrence free survival (RFS) than those who received

conservative treatment (56% versus 42.1%). After 3 months, this

patient returned to the department for adjuvant TACE. However,

we found multiple intrahepatic recurrence in the routine

examination. Recent advancements in tumor biology are currently

attracting great interest in new antitumor drugs including ICIs and

angiogenesis inhibitors (24). Given that the conventional

locoregional therapies and angiogenesis inhibitors could induce the

release of local inflammatory factors and neoantigens (25), several

trials are assessing combination therapy for HCC patients without

decompensation of liver function and surgical opportunity (26, 27).

After combination therapy of conventional locoregional therapies,

angiogenesis inhibitors, and ICIs, 33.3%–52.3% of unresectable

patients could regain the opportunity of R0 resection. Among the

reported cases, observative response rates are between 41.7% and

77.4%. With the inspiring results from recent clinical trials of

TACE, immunotherapy, and target therapy (28), a combination of

such treatment was suggested to this patient, and we received

outstanding outcomes. After combining angiogenesis inhibitors,

ICIs, and TACE, tumor markers came down to the normal range.

In the routine examination, no sign of recurrence was detected.

For this patient, we did not perform a genetic test after we

found tumor recurrence in the appendix or liver. Unlike other

tumors, the genomic test is not necessary to treat advanced

HCC. According to one investigation of phase III clinical trials

(SHARP), angiogenesis markers [angiopoietin 2 (Ang2) and

vascular endothelial growth factor (VEGF)] are predictors of

overall survival in patients with HCC. However, neither Ang2

nor VEGF could predict a response to sorafenib (29). Lenvatinib,

an oral inhibitor of vascular endothelial growth factor receptors

(VEGFRs), fibroblast growth factor receptor 1-4 (FGFR1-4), ret

proto-oncogene (RET), KIT proto-oncogene receptor tyrosine
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kinase, and Platelet-derived growth factor receptor α (PDGFRa),

has been tested in phase III trials in advanced HCC (30). In this

clinical trial, lenvatinib has been proven to be noninferior to

sorafenib in terms of overall survival. Similarly, no biomarker-

predicting responses to lenvatinib have been reported (31). ICIs,

including agents targeting cytotoxic T lymphocyte protein 4, PD-

1, or its ligand PD-L1, have been proven effective in many

clinical trials (32, 33). Different from other tumors, data

presented on nivolumab and pembrolizumab (PD-1 inhibitors)

have not shown any correlation between PDL-1 expression or

other biomarkers and treatment efficacy (31, 34). To date, in the

angiogenesis inhibitors or ICIs used in HCC, no specific gene

mutation has been confirmed that could stratify patients, and

this may be the reason why no clinical guidelines for HCC

highly recommended genetic test.

Overall, solitary metastasis to the appendix 5 years after R0

resection of the intrahepatic lesion is a really rare

phenomenon in HCC. This case might be the only one

reported so far. Because of its scarcity, no well-designed

clinical trials could provide treatment suggestions for this

situation. Appendectomy might be an acceptable choice for

patients with solitary metastasis to the appendix. Metastasis of

extrahepatic lesions usually means dissemination of tumor cells

into the body and a high risk of recurrence. Combined therapy

of local regional treatment, angiogenesis inhibitors, and ICIs

might be used to deal with this situation even after R0

resection of metastatic lesions.
Patient perspective

We contacted this patient in October 2022 and asked him for his

views on our therapy. No complaints or questions were proposed.

Before the surgery, this patient suffered from lower abdominal

pain. After the surgery, no pain was found. With the following

medical treatment, the tumor was controlled with complete

response. He thought the treatment therapy was successful.
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Renal medullary carcinoma (RMC) is a rare form of renal cell carcinoma that has a

poor prognosis. It is known to be associated with sickle cell trait or disease,

although the exact underlying mechanisms are still unclear. The diagnosis is

made through immunochemical staining for SMARCB1 (INI1). In this report, we

present a case of a 31-year-old male patient with sickle cell trait who was

diagnosed with stage III right RMC. Despite the poor prognosis, the patient

survived for a remarkable duration of 37 months. Radiological assessment and

follow-up were primarily performed using 18F-FDG PET/MRI. The patient

underwent upfront cisplatin-based cytotoxic chemotherapy before surgical

removal of the right kidney and retroperitoneal lymph node dissection.

Identical adjuvant chemotherapy was administered post-surgery. Disease

relapses were detected in the retroperitoneal lymph nodes; these were

managed with chemotherapy and surgical rechallenges. We also discuss the

oncological and surgical management of RMC, which currently relies on

perioperative cytotoxic chemotherapy strategies, as there are no known

alternative therapies that have been shown to be superior to date.

KEYWORDS

non-clear cell RCC, renal medullary carcinoma, SMARCB1, chemotherapy, onco-
urological management
frontiersin.org01386

https://www.frontiersin.org/articles/10.3389/fonc.2023.1073728/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1073728/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1073728/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1073728/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1073728&domain=pdf&date_stamp=2023-05-02
mailto:jean.courcier@aphp.fr
https://doi.org/10.3389/fonc.2023.1073728
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1073728
https://www.frontiersin.org/journals/oncology


Courcier et al. 10.3389/fonc.2023.1073728
1 Introduction

Renal carcinoma represents approximatively 2%–3% of solid

cancers. Clear cell renal cell carcinoma is the most common type,

accounting for 75% of cases, followed by papillary renal cell

carcinoma (10%) and chromophobe renal cell carcinoma (<5%)

(1). There are other rare pathological entities that present with a

wide diversity of histological types. Among these rare entities is

renal medullary carcinoma (RMC), which accounts for

approximatively 0.5% of renal carcinoma (2). RMC mostly affects

men (gender ratio: 2:1), and most commonly affects adolescents and

young adults (median age at diagnosis: 28 years), with the right

kidney being preferentially involved (3). This pathology is almost

exclusively associated with heterozygous sickle cell trait or disease

and other hemoglobinopathies (4). Thus, the practice of high-

intensity exercise in such patients could hypothetically be a risk

factor (5). The diagnosis is commonly made by investigating general

symptoms such as abdominal pain, fatigue, weight loss, and, more

specifically, by gross hematuria or clinical palpation of a flank or

abdominal mass (6). The disease is more likely to be diagnosed at an

advanced or metastatic stage (7). In addition, several reports have

described rapid metastatic dissemination even in patients who were

treated early for localized RMC (4, 6, 8). Radiological evaluation of

the disease relies on enhanced computed tomography (CT), which

typically shows a weakly and heterogeneously enhanced tumor, a

central localization in the kidney with respect of the kidney’s

outline. (9, 10). The radiological aspect on CT scan can mimic a

urothelial upper tract tumor invading the renal parenchyma. This

medical condition has a poor prognosis, with a reported median

overall survival (OS) of 13 months (95% CI: 9.0–17.9 months) (6).

The physiopathology of RMC is still hypothetical, but chronic stress

hypoxia associated with sickle cell disease is suspected to play a role

(11). The first histological characterization of this cancer dates back

to 1995 (12). On histopathological examination, an infiltrative

tumor is readily visible, originating from the medullary boundary

with the kidney’s excretory tract. The tumor is composed of poorly

differentiated cells and shows neutrophil infiltration. Cystic

components may also be present. Finally, the loss of expression of

SMARCB1 (INI1) is suspected to play a central role in the
Abbreviations: RMC, renal medullary carcinoma; SMARCB1, SWI/SNF-related,

matrix-associated, actin-dependent regulator of chromatin, subfamily B, member

1; INI1, integrase interactor 1; 18F-FDG PET/MRI, 2-deoxy-2-[18F]

fluoroglucose positron emission tomography coupled with magnetic resonance

imaging; CT, computed tomography; OS, overall survival; 95% CI, 95%

confidence interval; EMA, epithelial membrane antigen; CK, cytokeratin; CD,

cluster of differentiation; PAX8, paired-box gene 8; GATA 3, G-A-T-A nucleotide

sequence binding protein 3; PD-L1, programmed death ligand 1; PD-1,

programmed death 1; TNM, tumor node metastasis classification; AJCC/UICC,

American Joint Committee on Cancer and International Union Against Cancer;

TP53, tumor protein 53; TMB, tumor mutational burden; MSS, microsatellite

stability; MSI, microsatellite instability; MVAC, Methotrexate, Vinblastine,

Adriamycin, Cisplatin; ORR, overall response rate; HR, hazard ratio; ccRCC,

clear cell renal cell carcinoma; EZH2, enhancer of zeste homologue 2; IO,

immuno-oncology; CTLA4, cytotoxic T-lymphocyte-associated protein 4.
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pathogenesis of RMC, and confirmation of this loss of expression

through immunohistochemistry confirms the diagnosis (13–16). In

this report, we present a case of the management of RMC.
2 Case presentation

In April 2019, a 31-year-old male patient was referred by a

practitioner for evaluation of right lower back pain that had been

ongoing for 3 months, along with weight loss of 6 kg over a 6-month

period. The patient reported experiencing a sense of heaviness in the

right hypochondrium towards the end of 2018, accompanied by

colicky abdominal pain that increased in intensity over the following

months. However, no symptoms of altered bowel movements or

hematuria were reported. The patient had a history of heterozygous

sickle cell trait and had suffered from malaria infection at the age of

12. He had no other significant medical history and reported no

family history of neoplasia. Abdominal ultrasound imaging revealed a

50-mm mass in the patient’s right kidney. Subsequent CT scans

showed a heterogeneous 50 × 47 × 45 mm parenchymal renal mass

involving the renal sinus (Figure 1), along with lymph node

involvement in para-aortic and inter-aortocaval locations. There

was no extension to the renal vein, and no abnormalities were

found in the liver or at the thoracic or skeletal levels.

Whole-body 18F-FDG PET/MRI revealed a 43-mm

hypermetabolic lesion in the right kidney, which was accompanied

by hypermetabolic retroperitoneal lymph node invasion and a single

hypermetabolic lymph node above the diaphragm in the left sub-

clavicular position. There was no evidence of invasion in the viscera

or bones.

The diagnosis of RMC was established based on a biopsy of the

renal mass: analysis of eight biopsy samples revealed proliferation of a

poorly differentiated carcinoma tumor consisting of basophilic

cellular elements with increased nuclear–cytoplasmic ratio, irregular

hyperchromatic nuclei, and frequent mitotic figures. The

proliferation exhibited a trabecular-cord architecture, and there was
FIGURE 1

Axial enhanced CT scan showing the poorly delimited right renal
mass at diagnosis.
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no evidence of glandular inflection. It was located within a highly

inflammatory stroma, and the entire tumor was separated by

sclerohyaline areas in which residual renal tubules and numerous

congestive vessels without embolism were observed. There was no

evidence of a lymphomatous process. Immunohistochemical analysis

revealed positive staining of the tumor cells for Vimentin, EMA, CK7,

PAX8, and E-Cadherin, and negative staining for CD117, CD10,

CK20, CK5-6, P40, and GATA 3. These immunohistochemical

findings excluded the possibility of urothelial carcinoma. The

histological appearance was consistent with an epithelial tumor of

renal origin. The pathological report further indicated tumor

proliferation, with an immunohistochemical profile (SMARCB1/

INI1 negative) consistent with the proposed diagnosis of RMC.

Notwithstanding, 20% of tumoral cell membranes were positive for

PD-L1 staining in immunohistochemistry.

At the time of diagnosis, the patient’s general condition was

good, with a body mass index of 25.6 kg/m2 and a performance

status of 0. The case was discussed in a multidisciplinary meeting,

and systemic therapy was recommended. The initial treatment plan

included three cycles of paclitaxel (80 mg/m2 on days 1 and 8),

gemcitabine (1,000 mg/m2 on days 1 and 8), and cisplatin (70 mg/

m2 on day 1), given in 21-day cycles. The patient commenced

chemotherapy in June 2019.

After completion of three cycles of chemotherapy, 18F-FDG

PET/MRI showed a partial response, with reduction in the size of

the primary tumor from 43mm to 26mm, and no uptake observed in

the supra-diaphragmatic lymph node. However, a hypermetabolic

23-mm inter-aortocaval lymph node and multiple weakly metabolic

retroperitoneal nodes smaller than 1 cm were still present.

In September 2019, the patient underwent an open right

nephrectomy with retroperitoneal lymph node dissection, which

took 180 min and resulted in an estimated blood loss of 700 ml. No

post-operative complications of grade higher than CLAVIEN-

DINDO level 1 were reported.

Histological examination revealed a remnant of RMC with

evidence of a therapeutic response, as indicated by 60% fibrotic

involution of the renal tumor. The pathologist described in his

report a specimen of total right nephrectomy, which contained

residual tumor of medullary carcinoma with extensive fibrous and

inflammatory changes related to adjuvant chemotherapy. The

therapeutic response was estimated to be 60% (60% fibrosis and 40%

viable tumor) of the overall surface area of the macroscopically

observed scarred zone, measuring 2.5 cm in its largest dimension.

The residual tumor was composed of more-or-less cohesive masses of

cells, with abundant eosinophilic cytoplasm that was clarified in places

with an irregular nucleus, strongly nucleolated within amyxoid stroma.

No sarcomatoid or rhabdoid features were observed. On

immunohistochemical examination, these tumor cells expressed

cytokeratins 7 and 903, vimentin, and PAX8, but not INI1. PD-L1

was expressed in 5% of tumor cells. The tumor was strictly intrarenal

and did not invade the renal vein or small vessels. The collecting system

and adrenal gland were not involved. The inter-aortocaval lymph node

dissection revealed a metastatic lymph node measuring 4 cm in its

largest dimension, without capsular rupture, with fibrous changes, one

node measuring 0.3 cm with complete fibrous remodeling in favor of a

tumor response, and four negative nodes (one positive out of six
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nodes). There were microfoci of tumor cells in the periganglionic

connective tissue. The surgical margins were clear. Overall, the tumor

was classified as ypT1aN1R0 according to the TNM 2018 classification,

AJCC/UICC 8th edition. Histologic features are shown in Figure 2.

Subsequently, adjuvant therapy under the same cytotoxic

chemotherapy protocol was administered for three cycles, and

surveillance was conducted until a relapse was detected in

October 2020, through 18F-FDG PET/MRI, which revealed

progression of the retroperitoneal lymph nodes, with two

hypermetabolic lymph nodes (14-mm inter-aortocaval and 10-

mm latero-aortic). The case was reviewed at a multidisciplinary

meeting, and it was decided that a rechallenge of chemotherapy

should be pursued before the possibility of surgical reintervention

was contemplated. In the absence of validated therapeutic

alternatives, it was decided to administer gemcitabine at 1,250

mg/m2 (on days 1 and 8) in association with cisplatin at 70 mg/

m2 (on day 1), which was reduced to 65 mg/m2 after the third cycle

due to grade 3 neutropenia. Following three cycles of treatment, a

partial response was observed, as evidenced by a reduction in the

size of the inter-aortocaval lymph node from 14 mm to 7 mm and

the latero-aortic lymph node from 10 mm to 5 mm. Following six

cycles, the patient was proposed for surgical management of the

remaining retroperitoneal disease, and underwent extensive

retroperitoneal lumbo-aortic and aorto-cava lymph node

dissection in April 2021. The operative time was 195 min, with

an estimated blood loss of 1,300 ml. The histology report indicated

malignancy in 11 out of 16 lumbo-aortic nodes (11N+/16), and in 2

out of 10 inter-aorto-cava nodes (2N+/10).

Progression of the disease was diagnosed 10 months after the

last surgery: the patient described intense right flank pain that had

been present for several weeks, requiring a significant increase in

oral morphine doses. The CT scan that was then performed to

explore these symptoms showed a reappearance of retroperitoneal

lymph nodes without any other identifiable lesions, suggestive of

disease progression. The patient’s case was presented at a

specialized multidisciplinary consultation meeting to search for

molecular anomalies. A liquid biopsy “Foundation One Liquid

CDx” was performed but did not allow for inclusion in a

therapeutic trial or specific therapeutic orientation [TP53

mutation negative, low tumor mutational burden (TMB at 4

MBs), no loss of heterozygosity, microsatellite stable (MSS)]. The

patient was therefore proposed for systemic treatment with

carboplatin, doxorubicin, and bortezomib, but he did not wish to

resume chemotherapy and requested some time to reflect. Inclusion

in the phase I therapeutic trial PEMBIB (17) was proposed, but

unfortunately, the patient’s general condition no longer allowed for

inclusion in the protocol, with the appearance of symptomatic

ascites effusion requiring evacuative punctures.

The patient presented to the emergency department 4 months

after being diagnosed with recurrent disease. He reported persistent

asthenia for several weeks without significant worsening, but with

the gradual appearance of edema in the lower limbs and tense

ascites requiring two trans-abdominal punctures for evacuation. A

deterioration of the general condition was noted from the end of

May 2022, with an inability to eat and the onset of anuria 24 h prior

to presentation to the emergency department. He was subsequently
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admitted to the intensive care unit due to multiorgan failure. A non-

enhanced thoracoabdominal-pelvic CT scan was performed due to

renal insufficiency: this showed the appearance of multiple

hypodense nodular lesions in the liver suggestive of secondary

lesions; large retroperitoneal nodules in the right nephrectomy

bed; an increase in the number and size of aortocaval, iliac, and

inguinal lymph nodes; the appearance of bilateral pleural effusion;

and a large amount of intra-abdominal fluid accumulation. The

appearance of a lytic lesion of the L2 vertebral body, suggestive of a

secondary lesion, was also indicated. Given the severity of the

clinical picture and the absence of therapeutic resources, a

collective decision (involving oncologists and intensivists) not to

perform invasive resuscitation procedures was taken.

This patient unfortunately passed away in June 2022, 37 months

after initial diagnosis. A timeline depicting patient care is shown

in Figure 3.
3 Discussion

Despite advancements in the understanding of this disease, no

significant improvement in disease-specific survival has been

observed over the past decade, and treatment is currently based
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on chemotherapy and nephrectomy, despite a lack of solid scientific

evidence (18–20). In 2016, Beckermann et al. proposed clinical

guidelines, developed in collaboration with a panel of experts, to aid

in the clinical management of these patients (8). These guidelines

were subsequently updated in 2019 by Msaouel et al., with a major

change in the form of the proposal that nephrectomy should only be
FIGURE 2

Histological features of the radical nephrectomy of the right kidney. (A) SMARCB1-deficient renal medullary carcinoma (hematoxylin–eosin–saffron,
×15 magnification): tumor cells are pleomorphic with enlarged nuclei, vesicular chromatin, proeminent nucleoli, and eosinophilic cytoplasm.
(B) Immunohistochemistry (SMARCB1, ×15 magnification) shows loss of expression of SMARB1 (also known as INI1, SNF5, or BAF47) within the tumor
cells, whereas intratumoral lymphocytes are strongly positive (nuclear stain).
FIGURE 3

A timeline depicting patient care with the main notable events
during follow-up. The timeline is represented by a green stripe
divided into years. The black triangle indicates the date of diagnosis;
the yellow star denotes the timing of renal mass biopsy; the red
stars indicate the timing of surgeries; the blue arrows denote the
timing of recurrence and death; and the violet stripes represent
periods of chemotherapy.
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performed in the event of a response to chemotherapy in a

perioperative scheme (21).

We report a single patient with a prolonged OS of 37 months,

in contrast to the data reported by Shah et al., who found a median

OS of 16.4 months in 38 patients treated with nephrectomy before

or during cytotoxic chemotherapy (6). This highlights the

exceptional nature of this patient’s response. The current expert

consensus, as reported by Msaouel et al., supports the use of

platinum-based cytotoxic chemotherapy as prior systemic therapy

for RMC treatment (21). Cisplatin-based chemotherapy

(specifically, cisplatin plus gemcitabine in combination with

doxorubicin or high-dose MVAC) is the best-described and

most effective known treatment for RMC, with an overall

response rate (ORR) of 29% according to literature sources (6,

8, 18, 19, 22–24). However, this treatment strategy appears to be

based on weak scientific foundations, approaching historical

treatments of metastatic upper tract urothelial cancer or

collecting duct carcinoma, in the absence of alternative

therapies. Patients who demonstrate a radiological response to

the disease should be considered for nephrectomy in conjunction

with retroperitoneal lymphadenectomy. Systemic therapy should

then be continued, with close clinical and radiological follow-up

every 6 to 12 weeks.

The supposed benefit of cytoreductive nephrectomy in RMC

patients is based on a retrospective study of 52 patients (6). The

comparison between patients who underwent nephrectomy and

those who received only systemic therapy suggested a benefit in

favor of the nephrectomy group, with a median OS of 16.4 months

compared to 7.0 months, respectively (p < 0.001, HR = 0.22, 95% CI:

0.09–0.51).

With significant advancements in the diagnosis and

understanding of this disease having occurred over the past two

decades, it is noteworthy that the rarity of RMC may contribute to

the lack of scientific evidence regarding its management.

Nonetheless, ongoing phase II clinical trials are exploring

alternative treatment options based on identified molecular

pathways and plausible physiopathological hypotheses. Among

these research axes are therapeutics targeting the proteasome,

such as bortezomib, which promotes cell death in SMARCB1-

deficient tumors (25). Studies evaluating proteasome inhibitors as

systemic treatments for RMC have been conducted. For instance, a

phase II study published in 2004 assessed bortezomib for patients

with advanced RCC and reported clinical activity, with 4 out of 37

evaluable patients showing partial response (11% ORR).

Interestingly, only one of the four responders had RMC, despite

being the only one with this histology, while the other three had

ccRCC (26, 27). In addition, there have been reports of prolonged

responses in children with metastatic RMC who were treated with a

combination of bortezomib and platinum-based chemotherapy.

Two cases of exceptional complete responses with no evidence of

disease at 23 months and 7 years from diagnosis were reported by

Carden et al. (28). A phase II trial (NCT03587662) is currently

recruiting patients to evaluate the safety and efficacy of ixazomib, a

second-generation proteasome inhibitor, in combination with
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gemcitabine and doxorubicin in patients with SMARCB1-negative

renal tumors (29).

EZH2 (enhancer of zeste homologue 2) inhibitors are a type of

anticancer drug that regulate DNA transcription by inhibiting

histone methylation. In mice with SMARCB1-deleted tumors,

these inhibitors have been found to be effective in halting histone

methylation (30, 31). EZH2 inhibitors work by demethylating lysine

27 of histone H3, which can enhance the effectiveness of other drugs

like doxorubicin (32). Through demethylation of histone H3, EZH2

inhibitors can also restore the expression of proapoptotic genes in

cancerous cells, promoting programmed death. One particular

EZH2 inhibitor, known as tazemetostat, is currently undergoing

evaluation in a phase II basket study. The study is recruiting

patients with SMARCB1-negative tumors, including refractory

synovial sarcoma and RMC patients. Recruitment was active at

the time of writing, with an estimated primary completion date of

December 2022 (NCT02601950). The authors of the study reported

clinical activity in a subset of a cohort of 62 patients treated for

epithelioid sarcoma with tazemetostat (800 mg, oral drug, twice

daily), with a 15% ORR (95% CI: 7%–26%) (33). Unfortunately, no

results on RMC patients treated with tazemetostat in this study have

yet been reported.

Lastly, immune-oncology (IO) using anti-PD-1 and anti-

CTLA4 antibodies has demonstrated clinical activity in RMC. In

one study, Sodji et al. reported clinical activity in a single patient

with metastatic RMC who was treated with nivolumab (anti-PD-1

antibody) for 15 months after recurrence following initial

nephrectomy and six adjuvant cycles of cisplatin-based

chemotherapy (34). The patient experienced stability of

retroperitoneal lesions and regression of pulmonary secondary

lesions while on nivolumab. The authors did not suggest any

predictive role of PD-L1 tumoral expression in response to

nivolumab. Three RMC patients were included in a phase I study

that evaluated the safety of nivolumab plus cabozantinib (a tyrosine

kinase inhibitor) ± ipilimumab (anti-CTLA4 antibody) for patients

with metastatic urothelial carcinoma and other genitourinary

tumors (35). Two of these patients were evaluated for treatment

response, with one achieving a partial response and the other

showing progressive disease during treatment. The use of

ipilimumab in these patients was not mentioned. Furthermore,

another study reported the use of pembrolizumab (an anti-PD-1

antibody) in four RMC patients (36).

Regrettably, it appears evident that the scarcity of RMC patients

(who are rare and medically complex) constrains the enrollment of

participants in clinical trials and obstructs the successful completion

of phase III research. Consequently, it is of paramount importance

to incorporate RMC patients in phase II studies, as indicated in the

accompanying table (Table 1).
4 Conclusion

We report here the case of a 31-year-old patient with RMC

who received appropriate treatment consisting of initial cisplatin-
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based chemotherapy, fol lowed by nephrectomy with

retroperitoneal lymphadenectomy and continued adjuvant

chemotherapy. He survived for 37 months after the initial

diagnosis, supporting the therapeutic strategy employed here

based on expert consensus. However, novel therapies are

urgently needed to improve outcomes for patients with this rare

and life-threatening disease. Ongoing phase II clinical trials are

currently recruiting RMC patients.
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