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Editorial on the Research Topic

Case reports in thoracic oncology: 2022
When I was asked by the editorial board of Frontiers to help edit a whole Research

Topic on “case reports in thoracic oncology,” I was caught by surprise. In an era of large

databases and unlimited access to medical information, is there still a role for case reports?

Physicians began describing interesting cases involving all specialties in the early days

of humanity, Ancient Egyptian medicine (c. 1600 BCE) has papyrus records of case reports

as well as reports by Hippocrates (460–370 BCE) (1). Case reports describe important

scientific observations that are missed or undetected in clinical trials and provide individual

clinical insights. A case report of Kaposi’s sarcoma in a young homosexual man was the

initial main observation to the finding of acquired immune deficiency syndrome (2). In

1817, James Parkinson wrote an article titled “An essay on the shaking palsy,” later it lead to

the discovery of the disease carrying his name (Parkinson’s disease) (3). Case reports linked

the anorexic agents fenfluramine and dexfenfluramine with primary pulmonary

hypertension led to clinical trials that investigated the mechanism and incidence of this

adverse effect, causing their withdrawal from the market (4, 5). Hemolytic-uremic

syndrome is a severe condition associated with Escherichia coli and characterized by

hemolytic anemia, thrombocytopenia, and acute renal failure. At the start of an outbreak, a

case series reported dramatic resolution of symptoms of Escherichia coli-associated

hemolytic-uremic syndrome after treatment with monoclonal antibody eculizumab (6).

This case series led to the adoption of eculizumab as a treatment option. In 1985, the

American Medical Association reprinted 51 papers from the Journal of the American

Medical Association that had significantly changed the science and practice of medicine

during the 150 years of the organization’s existence (7); five of these papers were case

reports.. But in the last decade, most professional journals and scientific editorial

committees are publishing mainly case studies, double-blind control studies, cohort

studies, large database reports, and original scientific work, while case reports are

scattered and usually limited to a single page of imaging or rare occasions and account

for less than 2% of the journal content. In the second half of the 20th century, the

significance of a case report as a type of research article was downgraded due to low ranking

in the evidence hierarchy (8).

As a thoracic surgeon, I recently admitted a young patient to our thoracic surgery

service: a very fit 27-year-old police officer who initially presented with pneumonia and

parapneumonic effusion. Within a matter of hours, his condition deteriorated so that he
frontiersin.org018
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needed mechanical ventilation and pressors support. He was treated

by multiple medical teams from internal medicine, infectious

disease, and intensive care and multiple surgeons; he was

stabilized and treated with a chest drain. Because he was not

improving, I looked through the literature and found a case

report describing the same clinical picture with isolation of very

rare bacteria—Streptococcus constellatus (9). The patient in the

described case report was treated aggressively with surgical

exploration and drainage of the pleural space with decortication,

leading to expansion of the lung and recovery. The initial Gram

stain of cultures from our patient were indicative of Streptococcus

but without the final species isolation. On the basis of the case

report, I took the patient to the operating room and performed an

extensive decortication of his pleural space with expansion of the

lung and clearance of infected tissue and fluid, which ultimately

resulted in complete recovery of the patient within 48 hours. The

final cultures documented that the bacterium was the rare

Streptococcus constellatus.

Having learned from a case report, which led to saving my

patient’s life, I was very enthusiastic to contribute and collect many

case reports from my colleagues in the thoracic oncology field.

Publication of their experiences with rare cases will hopefully

contribute to the care of patients with rare manifestations in

the future.

We carefully collected case reports, such as a case that describes

a rare/unconventional treatment from a group in the Department of

Radiology, The First Medical Center, Chinese People’s Liberation

Army (PLA) General Hospital, Beijing, China; they describe

radiofrequency ablation combined with biopsy for Cushing’s

syndrome due to ectopic adrenocorticotropic hormone lesions in

the lung (this Research Topic). We included an article describing a

new conventional treatment with rare side effects from a group in

the Department of Pharmacy, Zhongnan Hospital of Wuhan

University, Wuhan, China; they describe liver injury associated

with dacomitinib (this Research Topic). Clinicians should pay

particular attention to the possibility of drug-induced liver injury

during dacomitinib treatment. A group from the Department of

Pathology, Peking University Shenzhen Hospital, Shenzhen, China,

described a rare manifestation of a known disease (this Research

Topic): a case of a stroma-rich variant of Castleman’s disease of the

hyaline-vascular type featuring atypical hyperplasia of the stromal

cells and malignant behavior. In addition, a group from the

Department of Thoracic Oncology, State Key Laboratory of

Biotherapy, Cancer Center, West China Hospital, Sichuan

University, Chengdu, China, report on the efficacy of new

targeted immunotherapy in lung cancer (this Research Topic). In

this research, a patient with non-small cell lung cancer with primary

SDN1-BRAF fusion responded well to continuous trametinib

monotherapy. Further research is required to understand the

biochemical and oncogenic mechanisms and identify the targeted

strategy in NSCLC patients harboring BRAF fusions, but this case

may lead to a new mode of treatment.
Frontiers in Oncology 029
Treatments such as insulin for diabetes and cholesterol-

lowering drugs for coronary heart disease first appeared as

scattered case report descriptions in the literature. Their

subsequent persistence in the literature and scientific trials with

expansion to larger patient populations led these novel therapies to

become the standard of care. In the same way, the field of thoracic

oncology can benefit from novel targeted therapies that are rapidly

evolving. The publishing of case reports in thoracic oncology will

increase descriptions of new diseases from which clues to etiology

can be derived. Indeed, the first clues about tobacco smoking and

lung cancer came from surgical patient series in the 1920s and

1930s, though formal case-control and cohort studies came only

decades later (10). Case reports can lead to new therapies,

recognition of side effects, or as in my patient, serve to educate.

Case histories are like a lesson from the clinicopathological

conference: “do not make the same mistake I did.” Cases with an

unfavorable outcome can be collected to see whether that outcome

might have been prevented (11).

By giving this platform to many clinicians in the field of thoracic

oncology to publish their unique findings, I hope that many novel

therapies will be established for the care of our future patients.

This is what it is all about.

I hope you will find these case reports informative and helpful.

Happy New Year!
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Rapid response to monotherapy
with MEK inhibitor trametinib
for a lung adenocarcinoma
patient harboring primary
SDN1-BRAF fusion: A case
report and literature review
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Yijia Du2, Zegui Tu2 and Meijuan Huang1*

1Department of Thoracic Oncology and State Key Laboratory of Biotherapy, Cancer Center, West
China Hospital, Sichuan University, Chengdu, China, 2 West China school of medicine, Sichuan
University, Chengdu, China
BRAF gene has been identified as an oncogenic driver and a potential target in

various malignancies. BRAF fusions are one subtype of BRAF alterations with a

rare frequency. Here, we first report a previously treated advanced lung

adenocarcinoma patient with de novo SND1-BRAF fusion who achieves

partial response to the MAK inhibitor trametinib. We also provide a literature

review on targeted therapies for BRAF fusions.

KEYWORDS

BRAF fusion, SDN1-BRAF, lung adenocarcinoma, trametinib, MAPK pathway
Introduction

BRAF gene encodes the RAF kinase and activates the MAPK pathway. It has emerged

as an oncogenic driver and a potential therapeutic target in a wide variety of solid tumors

(1, 2). Based on signaling mechanism, kinase activity, and sensitivity to inhibitors,

BRAF mutations have been categorized into three functional classes: RAS-independent

kinase-activating V600 monomers (class I), RAS-independent kinase-activating dimers

(class II), and RAS-dependent kinase-inactivating heterodimers (class III) (3, 4). BRAF

alterations occur in 4.4% of non-small cell lung cancer (NSCLC) patients (1). The most

prevalent variant is the BRAF V600 mutation, accounting for 1%–2% of BRAF-mutated

NSCLC patients (5). However, BRAF fusions, one subtype of BRAF class II mutations, are

only identified in 0.2% of NSCLC samples (1). The Food and Drug Administration

(FDA) has approved dabrafenib plus trametinib to treat NSCLC patients with BRAF
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V600mutation (6). In contrast, BRAF fusions are not yet eligible

for targeted therapies (4).

Unlike BRAFmutation, BRAF gene fusions activate the MAPK

signalingpathwayby inducing the removalof the auto-inhibitoryN-

terminal moiety (7). BRAF fusions exist in numerous solid tumors,

includingmelanoma, glioma, thyroid cancer, pancreatic carcinoma,

NSCLC, and colorectal cancer (1, 8). BRAF fusions can take on

various forms. Ross et al. and Zehir et al. have reported 44 distinct

typesofBRAF fusions inmultiple solid tumors, especially inNSCLC,

such as EPS15-BRAF, NUP214-BRAF, ARMC10-BRAF, BTF3L4-

BRAF,AGK-BRAF,GHR-BRAF,ZC3HAV1-BRAF,TRIM24-BRAF,

GK-BRAF, PJA2-BRAF, SND1-BRAF, MRPS33-BRAF, and

PARP12-BRAF (1, 9). Unfortunately, reports on anti-BRAF

therapies for NSCLC with de novo BRAF gene fusion are scarce.

The study shows a rapid response to trametinib

monotherapy in the advanced lung adenocarcinoma patient

with de novo SND1-BRAF fusion for the first time.
Case report

A 60-year-old man was admitted to West China Hospital,

Sichuan University in February 2017 with symptoms of

expectoration and shortness of breath for 1 month. He was a

current smoker (30 packs/years) with no family history of

cancer. High concentration levels of serum carcinoembryonic

antigen (CEA) (63.92 ng/ml) and neuron-specific enolase (NSE)

(23.35 ng/ml) were revealed by blood tests. Right lung masses and

solid nodules were visible on a chest computed tomography (CT)

scan, which also revealed enlargement of the right hilar and

mediastinal lymph nodes, focal thickening of the right pleura, and

right pleural effusions. He underwent a CT-guided biopsy of the

right lung mass, and the lesion was pathologically diagnosed as

adenocarcinoma. Immunohistochemical examination of the right

pleural effusions showed positivity of CK7, Napsin A, P63, and

TTF-1 and negativity of CK5/6, ALK-V, and ROS-1, PD-L1 tumor

proportion score (TPS) of 30% , which confirms that the metastatic

adenocarcinoma originated from the lung. Next-generation

sequencing (NGS) (Burning Rock, Guangzhou, China) with a

panel of 295 cancer-related genes was conducted to examine the

tumor tissue. The outcome was positive for SND1-BRAF (S10:B9)

fusion (abundance 3.8%), whereas EGFR, ALK, ROS1, and other

sensitive genes were all negative.

According to the Eighth Edition of the TNM Classification for

Lung Cancer, the patient was classified as stage cT4N3M1a (cIVA)

lung cancer. Therefore, the patient underwent four cycles of

cisplatin/pemetrexed combined with bevacizumab as the first-line

therapy. Then, the patient received maintenance treatment of

pemetrexed/bevacizumab until the disease spread to his right

thoracic cavity and left the adrenal gland. The disease progression

was revealed in March 2020 through the chest and abdomen CT.

The best response was partial response (PR) with a PFS of 36

months during first-line therapy. The major treatment-associated
Frontiers in Oncology 02
12
adverse events were Grade 1 gingival bleeding and Grade 2

leukopenia and neutropenia. Pembrolizumab (200 mg, Q3W) was

administered to the patient as the second-line therapy. However, the

patient’s right thoracic solid nodules continued to grow. Several

treatment lines failed, including pembrolizumab (200 mg, Q3W)

plus docetaxel (110mg, Q3W) and pembrolizumab (200mg, Q3W)

plus anlotinib (10 mg D1–14, Q3W).

Laboratory results revealed an increased NSE level of 24.5

ng/ml in July 2021, and multiple lesions on the CT scan

suggested disease progression. It should be noted that the NSE

concentration remained normal throughout last year.

Furthermore, a percutaneous right lung biopsy guided by CT

confirmed the patient’s adenocarcinoma diagnosis. Whole-

exome sequencing (WES) (Berry Oncology Corporation,

Beijing, China) was conducted to analyze the biopsy specimen.

The result showed the positivity of SND1-BRAF (S10:B9) and

BRAF-RNF150(B8:R2)fusions with a PD-L1 TPS of 10% in

August 2021. The patient received the MEK inhibitor

trametinib (2 mg daily) from 1 September 2021. His cough

was significantly relieved following 1-week trametinib treatment.

The only adverse effect, which appeared 3 weeks after taking

trametinib, was scattered acne with itching over the head and

face (CTCAE 1 grade). After 4 months, the CT scan confirmed

the patient with PR with a dramatic tumor shrinkage of 57%

(Figure 1). He is now treated with trametinib. The overall

timeline of diagnosis and treatment is displayed in Figure 2.
Discussion

BRAF fusions occur at a rare frequency (1, 10). Moreover,

there are no anti-BRAF treatment guidelines for lung cancer

patients with BRAF fusions. The situation is further worsened by

the dearth of case reports on anti-BRAF targeted therapy. Our

patient is the first reported NSCLC case with de novo SND1-

BRAF fusion responding to the MEK inhibitor trametinib.

Despite the rarity of BRAF gene fusions, the alterations can be

found in several solid tumors, including melanoma, glioma,

thyroid cancer, pancreatic carcinoma, NSCLC, and colorectal

cancer (1, 11). In contrast to BRAF monomer mutations, which

often result in the mutation of the kinase domain sand, BRAF

fusion proteins retain the normal kinase domain sand while

inducing the loss of the auto-inhibitory N-terminal moiety (7)

(Figure 3). Moreover, BRAF fusions exhibit variability due to

their distinct partners, which have been documented in several

papers (1, 9). However, there are no literature reports on BRAF-

RNF150. Its role and mechanism in tumorigenesis and tumor

development are still being investigated. SND1-BRAF fusion has

been found in pancreatic cancer and lung adenocarcinoma.

Nevertheless, no clinical investigation has shown any instances

of SND1-BRAF fusion in solid malignancies. Preclinical research

on pancreatic acinar cell carcinoma revealed that trametinib

could significantly inhibit the growth of SND1-BRAF
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transformed cells. At the same time, TAK-632 exhibited a weak

suppressive effect, and sorafenib showed no inhibitory effect (12).

Hutchinson et al. studied PAPSS1-BRAF or KIAA1549-BRAF

transfected 293H cells treated with vemurafenib or trametinib in

vitro (13). The finding revealed that the mutant-specific BRAF

inhibitor trametinib, rather than vemurafenib, might block the

downstream signaling induced by the PAPSS1-BRAF or

KIAA1549-BRAF fusion. Botton et al. found that six melanoma
Frontiers in Oncology 03
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cell lines harboring BRAF fusions were resistant to first- and

second-generation RAF inhibitors (14). By contrast, next-

generation aC-IN/DFG-OUT RAF inhibitors blunted the

activation of all cell lines, and showed synergistic effects when

combined with the MEK inhibitors. Similarly, Usta et al. screened

MAPK inhibitors using the KIAA1549-BRAF transfected glioma

cell line (15) The result revealed that MEK inhibitors inhibited

the MAPK signaling pathway with the lowest IC50s, followed by
FIGURE 1

A computed tomography scan is performed before (A–C), 1 month after (D–F), and 4 months after (H–J) trametinib treatment. The blue
arrows mean lung and left adrenal gland nodules.
FIGURE 2

Timeline and duration of each regimen.
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ERK and next-generation RAF inhibitors. A synergistic effect was

observed in the combination of RAF and MEK inhibitors. In

addition, Vojnic et al. identified four individuals with EGFR-

mutated lung cancers that acquired BRAF rearrangements and

showed secondary resistance to anti-EGFR therapy (16). The

study further induced the AGK-BRAF fusion in H1975 (L858R

+T790M), PC9 (ex19del), and HCC827 (ex19del) cell lines, and

the cells also displayed osimertinib resistance. Furthermore,

trametinib could synergistically suppress the proliferation of
Frontiers in Oncology 04
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these cell lines when combined with osimertinib (16). Clinical

references for our regimen included various studies describing

anti-BRAF targeted therapies on different forms of BRAF fusions

(Table 1). Pan-RAF inhibitors were an effective agent for

targeting the BRAF fusions as demonstrated both in animal

models and in vitro. Yao et al. reported that a dual RAF

inhibitor BGB659 could inactivate RAF fusion proteins by

blocking the ERK signaling pathway (22). Similarly, Peng et al.

showed that LY3009120, a pan-RAF and RAF dimer inhibitor,
A

B

FIGURE 3

SND1-BRAF transcript fusion in metastatic lung adenocarcinoma. (A) The primary structure of BRAF and its functional domains. (B) BRAF-
RNF150 and SND1-BRAF fusions. RBD, ras-binding domain; CRD, cysteine-rich domain; PL, phosphate-binding loop; CL, catalytic loop; AL,
activation loop; SND, staphylococcal nuclease domain; Ex, exon.
TABLE 1 Literature review on anti-BRAF therapies used in solid tumors with BRAF gene fusions.

Case Histologic
diagnosis

Age/
Gender

Sample
source

BRAF fusion Therapy PFS
(month)

Response OS
(month)

Chew et al. (17) Melanoma 40/F Lung metastasis SKAP2-BRAF Trametinib 3 m PR 4 m

Menzies et al. (18) Melanoma 47/F Brain metastasis PPFIBP2-BRAF Trametinib NA PR 8 m

Melanoma 65/M Subcutaneous calf
metastasis

KIAA1549-BRAF Trametinib NA SD
(enlargement)

8 m

Subbiah et al. (19) Spindle cell
neoplasm

55/F Primary tumor KIAA1549-BRAF Bevacizumab +
temsirolimus + sorafenib

NA SD
(reduction)

NA

Isaacson et al. (20) Papillary urothelial
carcinoma

69/M Liver metastasis NRF1-BRAF Trametinib 3 m PR NA

del Bufalo et al. (21) Gangliogliomas 2/M Primary tumor KIAA1549-BRAF
+BRAF V600E

Vemurafenib NA NA
(reduction)

NA

Zhu YC et al. (10) Lung cancer 60/M Primary tumor TRIM24-BRAF Vemurafenib 3.5 m PR 9 m

Wang CY et al. (14) Lung cancer 66/M Pleural metastasis LIMD1-BRAF Trametinib 7.4 m PR NA
fron
M, male; F, female; PFS, progression-free survival; OS, overall survival; PR, partial response; SD, stable disease; NA, not available.
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could inhibit RAF isoforms (ARAF, BRAF, and CRAF) and

occupy protomers in RAF dimers (23). Another BRAF-specific

dimer breaker called PLX8394 was discovered by Yao et al. It

showed a superior safety profile in clinical practice and

preferentially suppressed the ERK signaling pathway in tumors

driven by dimeric BRAF mutants while sparing RAF function in

normal cells (24).

In conclusion, drugs targeting the MAPK pathway, particularly

MEK inhibitors whose antitumor benefits have been shown in

preclinical research and clinical case reports, may effectively treat

BRAF fusion-related cancers (15). In addition, ERK and next-

generation RAF inhibitors may have a synergistic antitumor

impact across distinct classes of MAPK inhibitors. In this research,

the NSCLC patient with primary SDN1-BRAF fusion receives

continuous trametinib monotherapy, and it is encouraging to

observe PR. Further research is required to understand the

biochemical and oncogenic mechanisms and identify the targeted

strategy in NSCLC patients harboring BRAF fusions.
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Pseudo-progression with
osimertinib after definitive
chemoradiation in unresectable
epidermal growth factor
receptor mutation positive of
stage III non-small cell lung
cancer: A case report

Fei Ren1, Yao Wang1, Yongsheng Gao2* and Xiangjiao Meng1,3*

1Department of Radiation Oncology, Shandong Cancer Hospital and Institute, Shandong First
Medical University and Shandong Academy of Medical Sciences, Jinan, China, 2Department of
Pathology, Shandong Cancer Hospital and Institute, Shandong First Medical University and
Shandong Academy of Medical Sciences, Jinan, China, 3Department of Radiation Oncology,
Shandong Cancer Hospital and Institute Affiliated to Shandong University, Jinan, China
Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR TKIs) have

been widely used in the treatment of locally advanced non-small cell lung

cancer (NSCLC). The phenomenon of pseudoprogression in targeted therapy

in EGFR-mutation NSCLC patients is rare. Here, we reported an EGFR-

mutation-positive lung adenocarcinoma patient who was admitted to a

hospital for cough and chest distress accompanied by shortness of breath.

He underwent four cycles of chemotherapy with pemetrexed combined with

carboplatin and concurrent radiotherapy in the third and fourth cycles. Then,

he was treated by osimertinib maintenance therapy. After 11.5 months of

osimertinib treatment, he was assessed to progressive disease by computed

tomography. He underwent fiber bronchoscopy, and the biopsy pathology

showed extensive necrosis without tumor cells. Until now, the patient has

continued on osimertinib for 7 months without relapse or metastasis. As far as

we know, we are the first to report pseudoprogression in osimertinib

maintenance after definitive chemoradiation. This study reminds the

clinicians to distinguish pseudoprogression from osimertinib-induced

progression and avoid abandoning effective treatments.
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Introduction

At present, immune checkpoint inhibitors and targeted drugs

have become widely used in locally advanced non-small cell lung

cancer (NSCLC) (1, 2). Pseudoprogression is a special

phenomenon, which is manifested by increased volume or

appearance of new lesions with subsequent narrowing of the

mass (3). The overall rate of pseudoprogression in

immunotherapy was 5.0% (95% CI: 3.4%, 6.7%) in NSCLC

patients (4). Two case reports showed three ALK-positive NSCLC

patients who developed pseudoprogression by magnetic resonance

imaging (MRI) after alectinib treatment (5, 6). Data are scarce on

pseudoprogression in epidermal growth factor receptor (EGFR)

mutation NSCLC patients associated with targeted drug

monotherapy. In this study, we reported a patient with lung

adenocarcinoma who developed pseudoprogression in osimertinib

maintenance after definitive chemoradiation.
Case presentation

This patient is a 65-year-old man who was hospitalized for

cough and chest distress accompanied by shortness of breath. He

was a previously healthy never smoker and had no family history

of tumors. No significant abnormalities were observed on

physical examination. Carcinoembryonic antigen (CEA) and

cytokeratin 19 fragments were high and procalcitonin was in

the normal range. Chest computed tomography (CT) and

positron emission tomography/computed tomography (PET/

CT) showed the right lower lobe lung cancer (35 mm×60 mm)

(SUVmax = 14.1) with the right hilar and mediastinal lymph

node metastasis (Figures 1A–2D). Cranial-enhanced MRI

showed no bra in metas tases . He underwent fiber

bronchoscopy , and the b iopsy patho logy showed

adenocarcinoma. The gene mutation test indicated EGFR exon

21 L858R mutation. He was diagnosed with EGFR-mutation-

positive stage IIIB (cT3N2M0) lung adenocarcinoma. He

underwent four cycles of chemotherapy with pemetrexed (800

mg on day 1, every 3 weeks) combined with carboplatin (500 mg

on day 2, every 3 weeks) and concurrent lung tumor and

metastatic lymph node radiotherapy (RT) (60 Gy/30 fractions)

in the third and fourth cycles. After chemoradiation,

reexamination CT showed partial response (Figure 2A). Then,

he was enrolled in a clinical trial, which evaluates the efficacy and

safety of os imert inib maintenance after definit ive

chemoradiation in unresectable EGFR mutation positive stage

III NSCLC (LAURA trial) (7). During osimertinib treatment, the

therapeutic effect evaluated by CT was always stable disease (SD)

(Figures 2B–D). After 11.5 months of osimertinib treatment, he

reviewed the chest enhanced CT showing the mass enlarged,

which was inhomogeneous reinforcement (Figures 3A, B). He

was assessed as having progressive disease (PD) according to the
Frontiers in Oncology 02
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evaluation criteria of RECIST 1.1. The increased CT value after

enhanced CT is 23 hounsfield unit (HU), whereas the increased

value is 33 HU before osimertinib. Tumor markers were in the

normal range. He underwent fiber bronchoscopy, and no tumor

cells were detected by the aspiration cytology of the mediastinal

lumps; the biopsy pathology showed extensive necrosis without

tumor cel ls (Figure 3C). PET/CT showed no high

fluorodeoxyglucose avidity (SUVmax = 3.4) to avoid

inaccurate puncture due to tumor heterogeneity (Figures 3D,

E). Therefore, the therapeutic effect was SD. Now, the patient has

continued on osimertinib for 7 months without relapse or

metastasis (Figure 3F). The overall course of treatment is

shown in Figure 4, and the compliance of this patient was

quite high.
Discussion

In our study, we are the first to report pseudoprogression in

osimertinib maintenance after definitive chemoradiation.

However, it is not clear whether the necrosis was caused by

RT or osimertinib treatment or both. Radiation therapy can

cause vascular endothelial damage, leading to the increase in

vascular permeability and the release of some pro-inflammatory

cytokines, concomitant with the upregulation of vascular

endothelial growth factor (VEGF), and ultimately facilitating7

radioactive injury lesion expansion (8). A case report

showed a stage IIIA adenocarcinoma patient who developed

pseudoprogression at 4 months after stereotactic body

radiotherapy (SBRT) (9). Michael C Stauder et al. reported

that the pseudoprogression occurred at 12 months after

stereotactic ablative RT (10). Another study showed that the

median time for developing an enlarged lesion in the area of

SBRT was 12 months in patients without tumor recurrence (11).

This suggests that the possibility of radionecrosis can occur at

several months to one year after RT.

Osimertinib, a third-generation EGFR tyrosine kinase

inhibitor (TKI), is now the first-line treatment for EGFR-

mutation-positive advanced NSCLC (1, 2). VEGF and EGFR

have many overlapping and parallel downstream pathways, and

the activation of EGFR can upregulate the expression of VEGF

and VEGFR and facilitate VEGFR activating (12). The

combination therapy of anti-angiogenic drugs and EGFR-TKIs

can simultaneously block the VEGFR/EGFR pathway, which has

synergistic effects to enhance the antitumor effect (13, 14). In a

clinical trial, osimertinib combined with bevacizumab showed that

the overall response rate was 80% (95% CI, 67–91%), and the

median progression free survival (PFS) was 19 months (95% CI,

15–24 months) (15). However, VEGF expression is affected by

many factors, including cytokines (e.g., tumor necrosis factor-a
[TNF-a], transforming growth factor-b [TGF-b], EGF, fibroblast
cytokines, and interleukin-1), oncogene expression (e.g., EGFR,
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FIGURE 1

(A, B) Computed tomography (CT) scan at diagnosis showed a lung mass in the right lower lobe and mediastinum; (C, D) positron emission
tomography/computed tomography (PET/CT) scan at diagnosis showed high fluorodeoxyglucose avidity.
FIGURE 2

(A) Computed tomography (CT) scan after chemoradiation showed partial response; (B–D) CT scan showed stable disease during
osimertinib treatment.
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erbB2/human EGFR 2 [HER2], ras, and src), and hypoxia (16).

The EGF/EGFR pathway is one of the many factors that regulate

VEGF expression. EGFR inhibition alone does not block VEGF,

thereby allowing tumor angiogenesis (17). We cannot make the

certain cla im that pseudo-progression was due to

endothelial injury.

The patient’s enhanced CT demonstrated the mediastinum

invasion by lung tumor with unclear pericardial demarcation.

He was diagnosed as EGFR-mutation-positive unresectable

locally advanced lung adenocarcinoma. The standard

treatment of unresectable locally advanced NSCLC is

concurrent chemoradiotherapy (CCRT) (18). In a retrospective

study of EGFR mutation positive of stage IIIB lung

adenocarcinoma, there were no statistically significant

differences in the 5-year overall survival (OS) rates between

TKIs and CCRT groups (30% vs. 26%) (19). Phase I trial of

erlotinib combined with CCRT and the SWOG S0023 trial also
Frontiers in Oncology 04
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failed to prove any benefit of TKI addition (20, 21). In

unresectable EGFR-mutated positive stage III NSCLC patients,

the initial results indicated that the median PFS of EGFR TKI

and CRT was significantly longer than that of CRT alone (26.1

months vs. 6.9 months, log-rank P = 0.023) (22). In the RECEL

trial, compared with etoposide/cisplatin concurrent RT, the

median PFS with erlotinib concurrent RT was significantly

longer (24.5 vs. 9.0 months [P < 0.001]) (23). The LAURA

trial will assess the efficacy of osimertinib after definitive

chemoradiation in EGFR mutation NSCLC patients (7).

In conclusion, this is the first report of pseudoprogression in

osimertinib maintenance after definitive chemoradiation. The

mechanism of pseudoprogression after osimertinib treatment is

still unclear, but the significance of this study suggests that clinicians

should not easily interrupt osimertinib treatment when imaging

progression occurs during osimertinib, and further determine

pathological examination and PET-CT before making decisions.
FIGURE 4

Timeline of the interventions and outcomes.
FIGURE 3

(A, B) Computed tomography (CT) scan after 11.5 months of osimertinib therapy showed enlarged primary mass; (C) hematoxylin and eosin
(H&E) stain of the mediastinal biopsy tissue sample demonstrating extensive necrosis without tumor cells; (D, E) PET/CT scan after 11.5 months
of osimertinib therapy showed no fluorodeoxyglucose avidity; (F) CT scan after 18.5 months of osimertinib treatment showed no relapse
or metastasis.
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There are very few relevant studies about the mechanism and

possibility of whether EGFR-TKI targeted therapy combined with

RT increases pseudoprogression compared with RT alone; it

deserves further exploration and discussion.
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EML4-ALK rearrangement in
primary malignant fibrous
histiocytoma of the lung treated
with alectinib: A case report

Shuai Zhang1†, Xuqiang Liao2† and Jiawei Chen1*

1Department of Radiation Oncology, Hainan General Hospital, Hainan Affiliated Hospital of Hainan
Medical University, Haikou, China, 2Department of Thoracic Surgery, Hainan General Hospital,
Hainan Affiliated Hospital of Hainan Medical University, Haikou, China
Primary malignant fibrous histiocytoma of the lung (PMFHL) is extremely rare. It

is more common in the right lung and has no specific symptoms. Lymph node

metastasis is rare, but hematogenous metastasis is more common. The

common metastatic sites are the brain and bone. In this study, a 59-year-old

male patient was diagnosed with PMFHL with brain metastasis due to persistent

cough and blood in the sputum for the past week. Genetic testing revealed

EML4-ALK gene rearrangement (fusion). We first used alectinib in a patient with

advanced PMFHL with EML4-ALK gene rearrangement (fusion) accompanied

by brain metastasis. The treatment was effective and successfully delayed the

development of the disease. Satisfactory results were observed, with an overall

survival time of 19 months. Therefore, genetic testing in PMFHL and the choice

of treatment plan are important. Local treatment methods, including surgery

and radiotherapy, are important when the disease is less advanced.

Multidisciplinary discussion is recommended for the best prognosis.

KEYWORDS

treatment, malignant fibrous histiocytoma (MFH), alectinib, lung, case report
Introduction

Malignant fibrous histiocytoma (MFH) is the most common malignant

mesenchymal tumor in adults. MFH can occur in a variety of organs, especially the

trunk part of the extremities and the deep musculature of the retroperitoneum, but it

rarely originates in the lung and more often metastasizes to the lung from other organs

(1). Surgery is the main treatment for primary MFH of the lung (PMFHL). The

effectiveness of adjuvant radiotherapy after surgery is unclear.

The pathology of PMFHL is divided into the fibroblast type, histiocytic type, and

inflammatory cell type. The postoperative gross specimens are mostly large tumors with a

diameter of >5 cm, with pseudocapsules and gray–white sections with necrosis in the
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center. Fibrillar cells and collagen fibers are arranged in bundles of

spokes, and histiocytic cells with large variation, mononuclear and

multinucleated giant cells, and foam cells with nuclear atypia are

observed under light microscopy. The immunohistochemical

characteristics are as follows: a1-antitrypsin and a1-
antichymotrypsin, vimentin (+), S-100 protein (-), and myosin

(-) (2). Because the growth of PMFHL is a centrifugal spherical

enlargement phenomenon, the surrounding normal tissue is

compressed and changed in layers, forming a relatively tight

“compression zone”, and a tissue reaction phenomenon occurs

around the “compression zone” to form a pseudocapsule (3).

Because of its complex and heterogeneous pathological

features, the lack of specific immunohistochemical markers,

and no lineage specificity, the clinical diagnosis of PMFHL is

controversial. We strongly recommend that core needle biopsy is

required for pathological tissue. In this paper, we report a rare

case of PMFHL with brain metastasis and EML4-ALK gene

rearrangement (fusion). We investigated the clinical diagnosis,

treatment characteristics, and prognosis of this disease and

analyzed the application value and challenges of genetic testing

and targeted drugs over the whole course of treatment.
Case description

All procedures performed in human participants followed

the ethical standards of the institutional and/or national research

committee(s) and with the Helsinki Declaration (as revised in

2013). Written informed consent was obtained from the patient.

The patient, a 59-year-old male, was admitted to the

Department of Thoracic Surgery on January 22, 2019, with

coughing with no obvious cause, white sticky sputum with

occasional bloody sputum, chest tightness but no chest pain,

hemoptysis, shortness of breath, headache, and dizziness. The

patient had a history of smoking for more than 30 years (1-2

packs/day). Chest computed tomography (CT) showed irregular

soft tissue nodules and mass shadows in the right middle and

lower lobes near the hilar area and the anterior basal segment of

the right lower lobe. The larger nodule was located next to the

right hilum, with a larger cross-section of approximately

5.7 cm × 4.5 cm and a lobular shape. The boundary between

the lesion and the right hilum was unclear, straddling the oblique

fissure pleura, with uneven enhancement on enhanced scanning,

and bronchial stenosis in the middle and lower lobes of the right

lung was narrow. The right hilar lymph nodes were enlarged,

and the mediastinal lymph nodes were slightly enlarged
Abbreviations: PMFHL, Primary malignant fibrous histiocytoma of the lung;

MFH, Malignant fibrous histiocytoma; CT, computed tomography; PET/CT,

positron-emission tomography; FDG, 18F-fluorodeoxyglucose; TMB, tumor

mutation burden; PD-L1, programmed death-ligand 1; TPS, tumor

proportion score; MR, magnetic resonance.
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(Figure 1). Positron-emission tomography (PET/CT) results

showed the following: 1. increased 18F-fluorodeoxyglucose

(FDG) metabolism in nodules and masses at the right middle

and lower lobe near the hilar area with a maximum standardized

uptake value (SUV max) of 13.1, the right psoas muscle area, the

gastrosplenic space, and the left inferior abdominal wall;

multiple round-like nodules in the right lung with elevated

FDG metabolism; a left parietal nodular lesion surrounded by

flaky edema and increased FDG metabolism; uneven bone

density in the left iliac bone with increased FDG metabolism;

and multiple nodules in the left renal parenchyma with increased

FDG metabolism, all suggesting malignant tumor lesions; and 2.

slightly larger bilateral hilar and mediastinal lymph nodes,

increased FDG metabolism, and the possibility of metastasis.

Follow-up examination was recommended (Figure 2). Fiberoptic

bronchoscopy examination showed that in the right bronchus,

the right middle bronchial mucosa was swollen and bulged,

cauliflower-like masses grew in the right middle lobe and the

lower lobe segment of the bronchial lumen, the lumen was

completely occluded, and the lesion was greater than 2 cm from

the protuberance (Figure 3). Pathology of the specimen under

bronchoscopy showed a malignant tumor (middle right, lower

right). After immunohistochemical labeling, a malignant soft

tissue tumor was reported (middle right, lower right), which was

consistent with MFH. The nucleus of the tumor cells was

irregularly shaped, mainly shuttle-shaped, large nucleated cells

were observed, and nuclear divisions were easily observed and

diffusely distributed. Immunohistochemical labeling showed

vimentin (+), a1-antitrypsin (+), a1-antichymotrypsin (+),

CK19 (some +), S-100 (-), desmin (-), MyoD1 (-), HHF35 (-),

Fli-1 (-), ALK (-), CK7 (-), myogenin (-), SMA (-), CD34 (-),

CD56 (-), Bcl-2 (-), CD99 (partial +), Ki-67>60%, CK (-), TFF-1

(-), napsin A (-), P63 (-), P40 (-), CK7 (-), and CK20 (-). See

Figure 4 for details. After a multidisciplinary discussion, the

patient was considered to have MFH with multiple systemic

metastases, without surgical indications and with poor

chemotherapy efficacy. We recommended genetic testing to

evaluate whether targeted immunotherapy was appropriate.

The results of genetic testing showed that the ALK gene had

the EML4-ALK (E6:A20) gene rearrangement (fusion) with an

abundance of 8.93% (Figure 5). The tumor mutation burden

(TMB) was 1.6 mutations/Mb. Microsatellite instability results

showed microsatellite stability. Programmed death-ligand 1

(PD-L1) was detected using immunohistochemistry (clone

number 22C3). The tumor proportion score (TPS) was 80%.

Considering the possibility of ALK gene mutation, the efficacy of

first-line alectinib was better than that of crizotinib, and the

immunotherapy effect was poor. He was started on alectinib 600

mg orally twice daily. The symptoms completely disappeared

after 1 month of administration.

The patient was hospitalized on December 3, 2019, due to

right limb weakness with numbness. Cranial magnetic resonance

(MR) showed that the nodular-shaped abnormal signal of the
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left parietal lobe was significantly larger than before, with an

increase in the small amount of edema in the surrounding area.

The tumor was considered to be metastatic (Figure 6). Because

the patient had stable pulmonary lesions and progressing

craniocerebral lesions, neurosurgeons considered resection of

the left parietal lobe metastases, and the patient was informed of

the above conditions. The patient did not consent to surgical

resection due to the risk of surgery. Stereotactic radiotherapy for

brain metastases was approved by the radiotherapy physician.
Frontiers in Oncology 03
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Varian’s EDGE (edge cancer treatment) was used, and volume-

modulated radiotherapy was performed at a prescribed dose of

12 Gy three times. After radiotherapy, the symptoms of right

limb weakness and numbness completely improved, but right

limb weakness developed, which was accompanied by limb

numbness and uncoordinated movement, 3 months later.

Reexamination of brain MRI on March 23, 2020, showed a

small, nodular abnormal signal in the left frontal parietal lobe,

which was slightly larger than before, with a fuzzy edge. It was
A B C

FIGURE 1

Dynamic changes on chest CT. (A) The initial CT scan on January 23, 2019, showed an irregular soft tissue mass measuring 5.7 cm × 4.5 cm in
the middle and lower lobes of the right lung. (B) A CT scan on December 9, 2019, showed that the right lung lesion was reduced to 2.5 cm ×
1.5 cm. (C) A CT scan on May 5, 2020, showed progression of the right lung lesion, which had grown to 4.5 cm × 3.5 cm.
A B

D E

C

FIGURE 2

PET/CT showed nodules in the right middle and lower lobes near the hilar area (A) the right psoas muscle area (B) and the gastrosplenic space
and multiple nodules in the left renal parenchyma (C) uneven density of the left iliac bone (D) multiple round nodules in the right lung (E) and
increased FDG metabolism, suggesting malignant lesions.
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approximately 3.0 × 2.3 cm, and distinct patchy edematous foci

were observed in surrounding areas. The patient was then given

bevacizumab (7.5 mg/kg) to relieve the cerebral edema every 3

weeks. The patient’s symptoms persisted for another month and

then became aggravated, and right limb dyskinesia was observed.

The repeat cranial MR on May 11, 2020, showed that the left

frontoparietal metastatic lesions rapidly increased to a size of

approximately 4.5 × 2.5 cm, with significant surrounding edema.

The patient still did not agree to surgical treatment and
Frontiers in Oncology 04
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continued to be treated with bevacizumab. He died of

intracranial hypertension more than 2 months later.
Discussion

MFH is a type of soft tissue sarcoma originating from

mesenchymal cells, accounting for 20% of all sarcomas,

approximately one-fourth of which are radiation-related
A B C

FIGURE 4

Pathological results of lung lesion biopsy. (A) (Hematoxylin and eosin (HE) × 100) Atypical tumor cells were arranged in a sheet-like manner,
with vascular proliferation and necrosis. (B) (HE × 400) Atypical tumor cells showed large nuclei, hyperchromatic nuclei, prominent nucleoli, two
or more nucleoli, eosinophilic or translucent cytoplasm, and pathological mitosis. (C) (IHC × 100) Vimentin was diffusely expressed, suggesting
tumors derived from mesenchymal tissues.
A B

DC

FIGURE 3

Bronchoscopic images. (A) Middle bronchial tubes. (B) Right main stem bronchi. (C) Right middle lobe bronchial. (D) Right lower lobe bronchial tube.
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tumors with multidirectional differentiation abilities. First

described by O’Brien and Stout (1) in 1964, MFH was

originally named malignant fibrous xanthoma. In general,

superficial MFH is mostly moderately malignant, while deep

histiocytoma is mostly highly malignant. PMFHL is more

common in males and in the right lung at older ages. Cancer

cells are not easy to detect on sputum examination. Because the

tumors grow outside the tracheal lumen, they are difficult to

detect by fiberoptic bronchoscopy. The symptoms mainly

include cough, blood in sputum, chest pain, dyspnea, fatigue,

and weight loss. Rare symptoms include hypertrophic

pulmonary osteoarthropathy, hypoglycemia, and neutrophilia,
Frontiers in Oncology 05
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and some patients may be asymptomatic (4). Lymph node

metastasis is rare in this disease, hematogenous metastasis is

common, and the common metastatic sites are the brain and

bone. In this case, chest X-ray showed that PMFHL manifested

as a large noncavitary mass with a round shadow, uniform

density, generally smooth edges, and inconspicuous lobulation.

CT showed that the central density was low and the edges had

increased density, and the surrounding shadow was irregular.

Cystic degeneration and cavity formation, which are rare in

MFH, were not observed.

The molecular mechanism of PMFHL occurrence and

progression is still unclear. Some scholars have performed
A B DC

FIGURE 6

Dynamic changes on cranial MR. (A) The initial cranial MR on January 28, 2019, showed a nodular lesion in the left parietal lobe with a diameter
of approximately 0.6 cm and a clear margin. (B) On December 6, 2019, cranial MR showed that the left parietal lobe nodule was enlarged to
2.1 cm × 2.3 cm, with blurred edges and patchy surrounding edema. (C) On March 23, 2020, cranial MR showed that the left parietal lobe
nodule had grown to 3.0 cm × 2.3 cm and had blurred edges and visible patchy edematous lesions around it. (D) Cranial MR showed that the
left parietal nodular lesion had grown to 4.5 cm×2.5 cm, with blurred edges and patchy edematous lesions.
FIGURE 5

Genomic map derived from the biopsied tissue samples of four lung lesions.
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next-generation sequencing of tumor tissues, and the results

showed that the TSC2, ARID1B, CDK8, KDM5C, and CASP8

genes had mutations. Among them, the TSC2 gene had the

highest mutation frequency (15.64%), and an M280V missense

mutation was found. Therefore, TSC2 gene mutations are

hypothesized to activate the mTOR pathway, resulting in

abnormal cell growth and proliferation, which may be related

to the occurrence and progression of this disease (5).

Diagnosing PMFHL is a multistep process. The most

important step is to confirm that the lesions originate in the

lungs. PET-CT can accurately exclude other parts of the body as

the origin, especially the retroperitoneal region. Due to the low

incidence of this disease, the small number of cases, and

radiotherapy insensitivity, no standard chemotherapy regimen is

currently available. Generally, MFH chemotherapy drugs are

preferred. Commonly used drugs include ifosfamide and

doxorubicin, which have low effective rates (6). Due to the

presence of the EML4-ALK (E6:A20) rearrangement (fusion),

which has not been reported in PMFHL, we can only explore

this disease based on our experience in non-small cell lung cancer.

A phase II study evaluated the efficacy of the PD-L1 inhibitor

durvalumab for third-line treatment of advanced EGFR-mutated

ALK-rearranged non-small cell lung cancer but reported no

response in 15 non-small cell lung cancer patients with ALK

fusion following durvalumab treatment (7). Alectinib is a second-

generation ALK-positive lung cancer-targeting drug with a high

penetration rate of the blood–brain barrier (63% to 94%).

Therefore, the efficacy of alectinib in the treatment of brain

metastases from lung cancer is markedly better than that of

crizotinib. For patients with brain metastases from lung cancer,

the median progression-free survival period after alectinib

treatment is 27.7 months, while that of crizotinib is only 7.4

months (8).

Considering that traditional chemotherapy regimens and

immunotherapy drugs were not very effective, we comprehensively

considered the choice of alectinib and indeed achieved good efficacy,

with an overall survival time of 19 months. The cause of death of the

patient was intracranial hypertension caused by progression of the

intracranial lesions and compression edema. Because PMFHL was

less sensitive to radiotherapy and the diameter of the left parietal lobe

metastasis was >2 cm, internal manifestations of complete

liquefaction and necrosis were found, with few solid components.

Surgical resection was the first choice of treatment. Although the X-

Knife at 12 Gy was used for three segmentations, the symptom relief

duration after radiotherapy was less than 4 months. Even when we

used alectinib in combination with bevacizumab, there was no

significant improvement in brain edema and tumor shrinkage,

resulting in improved prognosis. The patient should have achieved

better overall survival, but the patient refused surgical removal of the

intracranial metastases. At the same time, PD-L1 expression was

high, and the TPS was 80%. It was very regretful that immune

checkpoint inhibitors were not used. Because tumor progression was

due to oligoprogression of a single intracranial lesion, and local
Frontiers in Oncology 06
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therapy should have been performed, including surgery and

radiotherapy. If subsequent systemic progression occurs, then

immunotherapy should be considered. Pembrolizumab application

in PMFHL can achieve good outcomes (9).
Conclusions

PMFHL is characterized by high malignancy, high

recurrence and metastasis rates, a poor prognosis, and poor

sensitivity to radiotherapy and chemotherapy. We recommend

routine genetic testing of patients with PMFHL. Selecting

targeted drugs with high sensitivity for possible mutation

sites can often achieve better effective rates and longer

survival times. Simultaneously, local treatment methods,

including surgery and radiotherapy, are very important

treatments when the disease progresses less. We first applied

alectinib to a PMFHL patient with advanced EML4-ALK gene

rearrangement (fusion) accompanied by brain metastasis. The

treatment was effective. These findings need to be supported by

further studies.
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Drug-induced liver injury
associated with dacomitinib:
A case report

Xuanxuan Wang, Anqi Huang, Yun Lu, Suyu Gao,
Wen Hu and Hong Cheng*

Department of Pharmacy, Zhongnan Hospital of Wuhan University, Wuhan, China
Dacomitinib, the second-generation epidermal growth factor receptor

tyrosine kinase inhibitor (EGFR-TKI), has been used as a first-line treatment in

non-small cell lung cancer (NSCLC) patients harboring EGFR mutation. In this

case, we report a patient with drug-induced liver injury (DILI) associated with

the use of dacomitinib. A 59-year-old man with stage IV NSCLCwas prescribed

with dacomitinib; 37 days after dacomitinib administration, he was admitted to

our hospital because of jaundice. Laboratory examinations revealed elevated

serum levels of liver enzymes and bilirubin. Following the immediate

discontinuation of dacomitinib, liver enzymes decreased but bilirubin

continued to rise. Total bilirubin reached the peak (18-fold) on day 26 after

dacomitinib termination and normalized on day 146 after dacomitinib

discontinuation. A “probable” cause of DILI by dacomitinib was determined

based on the Roussel Uclaf Causality Assessment Method. The severity of DILI

was assessed as acute liver failure. To our knowledge, this is the first case of DILI

caused by dacomitinib monotherapy in a real-world setting. Clinicians should

pay particular attention to the possibility of DILI during dacomitinib treatment.

KEYWORDS

dacomitinib, drug-induced liver injury, non-small cell lung cancer, Roussel Uclaf
Causality Assessment Method, case report
Introduction

Lung cancer remains the leading cause of cancer incidence and mortality worldwide.

Non-small cell lung cancer (NSCLC) accounts for 80%–90% of lung cancers (1). In

addition, epidermal growth factor receptor (EGFR) gene mutations occur in 10%–44% of

lung adenocarcinomas, a common type of NSCLC (2).

To date, epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs)

have been playing irreplaceable roles in the treatment of NSCLC patients harboring

EGFR mutation (3, 4). Dacomitinib, the second-generation EGFR-TKI, is an oral, small-

molecule irreversible inhibitor of the EGFR family. Available in 2018, dacomitinib is
frontiersin.org01
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approved for use in locally advanced or metastatic NSCLC

patients harboring EGFR exon 19 deletion or exon 21 L858R

substitution by the FDA. There have been no reports of drug-

induced liver injury (DILI) caused by dacomitinib monotherapy

in real-world environments to date.

In this study, we describe the first case of DILI associated

with dacomitinib monotherapy in a real-world setting, marked

by an 18-fold increase in bilirubin levels.
Case presentation

On 1 December 2021, a previously healthy 59-year-old man

was diagnosed with stage IV lung adenocarcinoma harboring

L858R mutation. He denied a history of hypertension, diabetes,

coronary heart disease, liver diseases, or infectious diseases such

as tuberculosis. A 40 × 33 × 46 mm mass in the paramediastinal

of the upper lobe of the left lung is shown in Figure 1A. The

patient had no family history of cancer and other diseases and no

history of drugs or food allergies. He had a long history of

smoking (15–25 cigarettes/day) and drinking (150–200 ml/day)

for more than 30 years and quit smoking and drinking after his

diagnosis of lung cancer. At the time, he had normal liver

function with laboratory indicators as follows: alanine
Frontiers in Oncology 02
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aminotransferase (ALT) at 10 U/L (normal range, 9–50 U/L),

aspartate aminotransferase (AST) at 14 U/L (normal range, 15–

40 U/L), alkaline phosphatase (ALP) at 73 U/L (normal range,

30–120 U/L), g-glutamyltransferase (GGT) at 14 U/L (normal

value, 8–57 U/L), total bilirubin (TBil) at 9.8 µmol/L (normal

value, 5–21 µmol/L), direct bilirubin (DBil) at 2.1 µmol/L

(normal value, 0–7 µmol/L), indirect bilirubin (IBil) at 7.7

µmol/L (normal value, 1.5–18 µmol/L), prothrombin time

activity (PTA) at 84% (normal value, 80–130%), and

international normalized ratio (INR) at 1.11 (normal value,

0.85–1.15). Five days later, he received one dose of cisplatin

(40 mg, intrapleural perfusion) and initiated targeted therapy

with dacomitinib (45 mg daily, oral). He was then discharged on

day 16.

On the 37th day of dacomitinib administration, the patient

was readmitted with jaundice. As shown in Figure 1B, the tumor

size was significantly reduced compared with pre-treatment

(Figure 1A). He had no other symptoms except for obvious

yellowing of the skin and sclera. Laboratory examinations

indicated liver injury: ALT at 324 U/L, AST at 176 U/L, ALP

at 739 U/L, GGT at 523 U/L, TBil at 160.2 µmol/L, DBil at 95.8

µmol/L, IBil at 64.4 µmol/L, and bilirubin detected in urine. The

patient tested negative for hepatitis A virus antibody (anti-HAV-

IgM), hepatitis B virus antigen and DNA (HBsAg, HBV DNA),
A B

DC

FIGURE 1

Lung CT images: (A) before dacomitinib administration; (B) 37 days after dacomitinib administration; (C) 50 days after dacomitinib termination;
and (D) 95 days after afatinib administration.
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hepatitis C virus antigen and RNA (HCV cAg, HCV RNA),

hepatitis E virus antibody (anti-HEV-IgM/IgG), and

autoantibodies (including antinuclear antibodies, smooth

muscle antibodies, antibodies to the liver–kidney microsome

type 1, antimitochondrial antibodies, antibodies to liver cytosol

type 1, and antibodies to soluble liver antigen). With 4.27 ng/ml

of alpha-fetoprotein (AFP) in the normal range (0.89–8.78 ng/

ml), abdominal ultrasound and computed tomography (CT),

liver magnetic resonance imaging (MRI), and magnetic

resonance cholangiopancreatography (MRCP) show

no abnormality.

The Naranjo score for dacomitinib-induced liver injury was

5, indicating probable adverse drug reactions. It was determined

that dacomitinib was a “probable” cause of DILI based on a

Roussel Uclaf Causality Assessment Method (RUCAM) score of

8 (5). In addition, the cholestatic type of DILI caused by

dacomitinib was diagnosed according to DILI guidelines (6, 7).

A liver biopsy was not performed due to the poor general

condition of the patient.

The timeline is shown in Figure 2. Dacomitinib was

discontinued on the first day of readmission. The patient then

received drug and non-drug therapy, including magnesium

isoglycyrrhizinate at 100 mg daily, S-adenosylmethionine at

1 g daily, and ursodeoxycholic acid at 250 mg three times

daily throughout the hospital stay; N-acetylcysteine at 8 g daily

between the 12th and 17th hospital days and infusion of plasma

on the 16th hospital day because of a sudden deterioration of

coagulation function; and once artificial liver therapy on the 26th
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hospital day due to high levels of bilirubin. The patient was

discharged on the 29th hospital day (29 days after dacomitinib

termination) and continued ursodeoxycholic acid treatment

outside the hospital. He was followed up for 4 months.

During hospitalization, the patient remained sane without

signs of hepatic encephalopathy. However, he developed a

change in taste, poor appetite, abdominal distension,

generalized itching, aggravated yellowing of the skin and

sclera, yellow urine, and white stool. The serum levels of the

laboratory parameters in the patient are shown in Figure 3. After

the discontinuation of dacomitinib, the liver enzyme (ALT, AST,

ALP, GGT) levels decreased obviously. However, bilirubin (TBil,

DBil, IBil) levels showed an upward trend, reaching the highest

(18-fold) level on day 26 after dacomitinib termination. It

subsequently decreased partly after artificial liver therapy,

followed by a gradual downward trend, and finally normalized

on day 146 after dacomitinib discontinuation. Coagulation

function (PTA) was relatively stable initially, decreased

significantly (PTA<30%) on day 15 after dacomitinib

termination, recovered, and remained in the normal range

after an infusion of fresh frozen plasma (350 ml) on day 16

after dacomitinib termination. The severity of DILI was assessed

as acute liver failure (ALF) based on DILI guidelines (6, 7).

Fifty days after dacomitinib termination, a lung CT image

showed an increased tumor size (Figure 1C), and the patient

received afatinib 30 mg daily the next day. 34 and 95 days after

afatinib administration, lung CT showed a reduced tumor size

without tumor progression and metastasis (Figure 1D). The

patient achieved stable disease (SD) based on imaging

assessment and continued to receive afatinib treatment. The

patient showed agreement on the risk, medication, and

treatment plan with the cl inic ian throughout the

entire treatment.
Discussion

DILI is a diagnosis of exclusion and requires careful

assessment. In this case, as mentioned above, the patient

reported no family history. He remained sane and developed a

change in taste, poor appetite, abdominal distension, generalized

itching, jaundice with elevated liver enzymes and bilirubin

levels during hospitalization. Liver imaging showed no

abnormality. The patient presented no symptoms of fever or

lymphadenopathy, and extrahepatic manifestations of HEV

infection, especially neurological injury, were not observed

during hospitalization (8). Laboratory parameters for viral

hepatitis and autoantibodies were all negative. Significantly

elevated ALP levels were not consistent with a typical pattern

of autoimmune liver diseases. These lead to an unsupported

diagnosis of viral hepatitis and autoimmune hepatitis (9).

Although the patient had a long history of drinking, abnormal

indicators of alcoholic hepatitis, such as AST/ALT >1.5, were not
FIGURE 2

Timeline of interventions and outcomes.
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observed. Steatosis and cirrhosis were also not found in the liver

imaging. The diagnosis of alcohol-associated liver diseases and

nonalcoholic steatohepatitis was then excluded (10). The patient

presented no Kayser–Fleischer rings and neuropsychiatric

disturbances, the most common presentations of Wilson

disease, and reported no family history, so Wilson disease

could be excluded (11). The dacomitinib-induced liver injury

was finally established based on the Naranjo score of 5 and the

RUCAM score of 8. However, Epstein–Barr virus ,

cytomegalovirus, and further examinations for HEV were not

tested after the clinician empirically established the high

possibility of DILI, which also made the RUCAM and Naranjo

scores not higher.

Several studies have demonstrated the efficacy of

dacomitinib in EGRF-mutated NSCLC patients. In the

ARCHER 1050 study (NCT01774721), compared with the

first-generation EGRF-TKI gefitinib, dacomitinib showed

significant improvement in progression-free survival and

overall survival (12, 13). The better efficacy in Asians and

patients with EGFR exon 21 L858R mutation was also proven

(14, 15).

However, growing evidence shown the toxicities of dacomitinib

may limit its use in clinical practice (16). Adverse events (including

laboratory abnormalities) are assessed and graded using the

National Cancer Institute Common Terminology Criteria for

Adverse Events (CTCAE) version 4.0. Adverse events (of any

cause) occurred in almost all patients given dacomitinib. The

most common adverse events (of any grade) of dacomitinib are

diarrhea, paronychia, dermatitis acneiform, and stomatitis. Among

them, the most commonly reported adverse events in grades 3–5

are dermatitis acneiform and diarrhea (12). Treatment-related

serious adverse events may lead to permanent discontinuation. In

patients with dacomitinib, they are gastrointestinal disorders and

skin and subcutaneous disorders.

Liver injury is not a major adverse event of dacomitinib. In

the ARCHER 1050 study, when taking adverse events of any
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cause into consideration, 19% of patients experienced grades 1–2

adverse events with elevated liver enzymes (ALT, AST), and only

two patients (1%) developed a grade 3 adverse event of ALT

elevation. In terms of treatment-related serious adverse events,

no patients suffered liver injury such as elevated liver enzymes

and bilirubin (12). The incidence of hepatotoxicity associated

with dacomitinib was less frequent than with the first-generation

EGFR-TKI gefitinib (12, 17). Overall, the frequency of severe

aminotransferase abnormalities and DILI with dacomitinib

showed a lower risk. Hepatotoxic events potentially related to

dacomitinib reported in clinical trials were mostly transient

increased aminotransferase levels (18). A network meta-

analysis of hepatotoxicity with EGFR-TKIs revealed an

uncertain association between dacomitinib and the risk of liver

enzyme elevation in patients diagnosed with NSCLC (19). After

consulting the literature, only one Chinese case report was

involved, which was about DILI marked by elevated liver

enzymes owing to the combined use of dacomitinib and

metoprolol (20).

Dacomitinib is mainly metabolized by the liver through

oxidative and conjugative metabolism (21). In this study,

dacomitinib-induced liver injury was a near-certainty

diagnosis after assessing with RUCAM, Naranjo’s adverse drug

reaction probability scale, and analyzing clinical, laboratory, and

imaging features. The DILI case was mainly marked as an 18-

fold increase in bilirubin levels accompanied by an increase in

liver enzymes, which was defined as a grade 3 adverse event.

Since severe DILI is a very rare complication of dacomitinib

therapy, the monitoring of liver function received little attention.

The occurrence of liver injury was not detected until the patient

was readmitted because of jaundice a month later. Therefore, the

surveillance of liver function during treatment is necessary for

the early detection of hepatotoxicity.

Actually, dacomitinib-associated adverse events are

manageable with treatment interruption, dose reduction, and/

or adjuvant drug therapy (12). In the ARCHER 1050 study, dose
A B

FIGURE 3

Serum levels of laboratory parameters in the patient. (A) Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and g-glutamyltransferase (GGT); (B) total bilirubin (TBil), direct bilirubin (DBil), indirect bilirubin (IBil), and prothrombin time activity (PTA).
ULN, upper limit of normal; LLN, lower limit of normal.
frontiersin.org

https://doi.org/10.3389/fonc.2022.979462
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2022.979462
reduction did not reduce the efficacy of dacomitinib despite a

prolonged overall treatment time. Also, the incidence and

severity of adverse events were effectively decreased (13). This

suggests that dosage reduction may be the best solution for

relieving adverse events induced by dacomitinib (17). Nearly

two-thirds of patients taking dacomitinib required at least one

dose modification (22). However, in this study, dacomitinib-

induced grade 3 hepatotoxicity and disease progression revealed

by tumor imaging assessments (CT), led to the permanent

withdrawal of dacomitinib and switch to afatinib. In some

cases, patients who have suffered hepatotoxicity due to EGFR-

TKIs were successfully switched from one EGFR-TKI to another

(23, 24).

It is worth mentioning how to rule out the possibility of

cisplatin-induced liver injury. First, cisplatin is metabolized

by the kidneys, generally showing nephrotoxic, bone

marrow toxicity, and rarely hepatotoxicity. Secondly,

patients received cisplatin via local chemotherapy of

intrapleural perfusion, reducing the influence on the liver

in the abdominal. Finally, adverse reactions to cisplatin are

commonly immediate. As cholestatic-type DILI, the liver

injury occurred 37 days after the withdrawal of cisplatin,

which was assessed as “no correlation” according to the

RUCAM scale.

Furthermore, possible increased toxicity due to drug

interactions is of concern. Dacomitinib is mainly metabolized

in liver microsomes by CYP2D6 with a major metabolite as O-

desmethyl dacomitinib (25). For patients taking dacomitinib,

concomitant use of CYP2D6 inhibitors (such as paroxetine) or

CYP2D6 substrates (such as trazodone) should be avoided to

prevent an increased risk of drug toxicity (26, 27). Meanwhile,

dacomitinib is a substrate/an inhibitor of adenosine triphosphate

(ATP)-binding cassette (ABC) transporters including P-

glycoprotein (P-gp) and breast cancer resistance protein

(BCRP) on the cell membrane surface, which are related to

tumor multidrug resistance (MDR) (28). In addition,

concomitant use of acid-suppressing drugs possibly reduces

dacomitinib exposure through reducing the solubility of

dacomitinib. In this case, from receiving chemotherapy for the

first time (including dacomitinib and one dose of cisplatin by

intrapleural infusion) and discharging with normal liver

function to readmitting with jaundice, the patient only took

dacomitinib outside the hospital because of the absence of other

underlying diseases. Cisplatin is metabolized via nonenzymatic

mechanisms, not involving the CYP2D6 pathway. Therefore, the

use of cisplatin is less likely to cause increased drug toxicity.

Dacomitinib, on the other hand, has been shown to improve

cisplatin chemosensitivity and generate synergistic antitumor

effects by inhibiting the function of P-gp and BCRP (29).

Cisplatin can increase the expression of ABC transporters,

including P-gp and BCRP. The overexpression of P-gp and

BCRP is one of the mechanisms of cisplatin resistance.

Downregulating the expression of P-gp and BCRP may be a
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promising strategy to overcome cisplatin resistance and enhance

antitumor activity (30).

There are still some limitations to this study. The lack of

pathological examination and serological tests for Epstein–Barr

virus, cytomegalovirus, and reverified HEV infection makes the

diagnosis of DILI still challenging. The association between drug

metabolism genotype and liver injury is not fully explored owing

to the lack of genetic testing, and the mechanism of dacomitinib-

induced liver injury remains unclear.

Conclusions

To our knowledge, this is the first case report of DILI caused

by dacomitinib monotherapy in a real-world setting. Clinicians

should pay particular attention to the possibility of DILI during

dacomitinib treatment.
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Pulmonary enteric adenocarcinoma (PEAC) is a rare subtype of non–small cell

lung cancer (NSCLC), accounting for about 0.6% of all primary lung

adenocarcinoma. Although epidermal growth factor receptor (EGFR)

mutation is common in primary lung adenocarcinoma, it is rarely reported in

PEAC. This case report describes a PEAC patient with co-mutations of EGFR,

Kirsten rat sarcoma viral oncogene (KRAS), and TP53, being treated with

immunotherapy combined with chemotherapy. A 69-year-old man

complained of cough and expectoration with bloody sputum for 2 weeks.

The lung-enhanced CT scan showed a massive soft tissue shadow, about 46 ×

35 mm in the lower lobe of the right lung. The neoplasm sample in the lower

lobe of the right lung was obtained using CT-guided fine-needle aspiration

(FNA). Immunohistochemical assays showed that the tumor was positive for

CK7, CDX-2, C-MET, and villin. Gastroscopy and rectal colonoscopy had been

performed respectively to exclude a diagnosis of colorectal adenocarcinoma.

The patient was finally diagnosed with pulmonary intestinal adenocarcinoma.

Next-generation sequencing (NGS) analysis showed a rare EGFR exon 19

missense mutation (c.2257C>T, p.P753S), KRAS exon 2 missense mutation

(c.35G>T, p.G12V), and TP53 exon 5 missense mutation (c.401T>C, p.F134S).

The lung-enhanced CT scan showed that the tumor shrank after four cycles of

chemotherapy combined with immunotherapy. We hope that this case report

can increase the understanding of this rare type of tumor and provide new

molecular indications for diagnosis and individualized treatment. Furthermore,

the combination of chemotherapy and immunotherapy seems to be an

effective therapy for PEAC. Whether the use of immunotherapy can provide

clinical benefits needs to be further explored with more samples in

future studies.
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Introduction

Pulmonary enteric adenocarcinoma (PEAC) is a rare subtype of

non–small cell lung cancer (NSCLC), which is defined as a

morphological enteric cell differentiation involving more than 50%

of tumor cells, without evidence of a primary digestive tract tumor

(1). It is pointed out that PEAC accounts for 0.6% of all primary lung

adenocarcinoma (2). The first case was reported as ‘intestinal type of

lung adenocarcinoma’ by Tsao and Fraser in 1991 (3). PEAC was

officially listed as a variant subtype of pulmonary invasive

adenocarcinoma by the World Health Organization (WHO) in

2015 (4). According to a review, there are no more than 300 cases

have been reported as case reports or small case studies in the

literature (5). To date, differences between PEAC and conventional

lung adenocarcinoma in pathogenesis, lung location type, clinical

course, and radiographic features cannot be fully characterized.

However, immunohistochemistry (IHC) is still a powerful tool for

the diagnosis of PEAC. The rarity of PEAC makes it impossible to

provide more information to evaluate the efficacy of different

therapeutic methods and prognoses. With the application of next-

generation sequencing (NGS) analysis technology in recent years,

new perspectives have emerged in delineating newmolecular profiles

and therapeutic sensitivity of PEAC (6).

The present study reports a case of PEAC with a rare

epidermal growth factor receptor (EGFR) exon 19 missense

mutation (c.2257C>T, p.P753S), who was initially treated with

chemotherapy plus an immune checkpoint inhibitor with

satisfactory efficacy. In addition, it reviews PEAC pathological

features, gene mutations, and treatments according to the

published literature to improve the understanding of this

disease. This present study was approved by the Clinical Trial

Ethics Committee of Tongji Hospital, Tongji Medical College,
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Huazhong University of Science and Technology, Wuhan,

China. Informed consent was obtained from the patient.
Case report

A 69-year-old non-smoker man was admitted to Tongji

Hospital, Tongji Medical College, Huazhong University of

Science and Technology (Wuhan, China) on 11 April 2022

and complained of cough and expectoration with bloody

sputum for 2 weeks. In March 2022, he visited a local hospital

due to cough and expectoration with bloody sputum, but there

were no chills, fever, fatigue, or gastrointestinal complaints. A

chest computed tomography (CT) scan in the local hospital on 1

April showed a patchy shadow in the right lower lobe. Physicians

at the local hospital recommended that the patient should be

transferred to the higher-level hospital for further diagnosis and

treatment. The patient had a history of kidney calculi disease and

denied the history of malignant tumor, other diseases,

and surgery. Physical examination at admission showed no

obvious positive signs. On 13 April, the lung-enhanced CT

scan in Tongji Hospital showed a massive soft tissue shadow,

about 46 × 35 mm in the lower lobe of the right lung (Figure 1A).

To further confirm the diagnosis, the neoplasm samples in the

lower lobe of the right lung were obtained using CT-guided fine-

needle aspiration (FNA).

Immunohistochemical assays showed that the tumor was

positive for CK7, CDX-2, C-MET, and villin; focally positive for

P40, CD10, MUC6, ROS1, and mesothelin; and negative for

thyroid transcription factor-1 (TTF-1), ALK, SATB2(-), MUC2

(-), MUC5AC(-), PAX8(-), GATA3(-), PSA(-), NKX3.1(-),

napsin A, and CK20 (Figure 2). Further pathological
BA

FIGURE 1

(A) Lung enhanced CT scan showed a massive soft tissue shadow, about 46×35mm in the lower lobe of the right lung on April 13; (B) Lung
enhanced CT scan showed a massive soft tissue shadow, about 44×30mm in the lower lobe of the right lung on July 4.
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examination resulted in a diagnosis of intestinal-type

adenocarcinoma of the right lung.

The laboratory data showed that cytokeratin-19 fragment

antigen21-1 (CYFRA21-1, 9.57 mg/L) and carbohydrate antigen

19-9 (CA19-9, 106.60 U/ml) levels were increased compared with

normal levels. To exclude a diagnosis of colorectal adenocarcinoma,

gastroscopy and rectal colonoscopy had been performed

respectively. Gastroscopy showed chronic hemorrhagic gastritis

and gastric body polyp. Histological examination of the gastric

body polyp showed gastric fundus gland polyp. Rectal colonoscopy

showed multiple polyps of the sigmoid colon, which was

determined as tubular adenoma by histological examination.

These pathological and immunohistochemical findings excluded

lung metastases of intestinal adenocarcinoma, and the patient was

finally diagnosed with pulmonary intestinal adenocarcinoma.

In order to investigate the mutation profile of the neoplasm

samples, we obtained the permission of patients to use NGS for

gene analysis, which is designed to identify somatic variations of

32 cancer-related genes, including EGFR, KRAS, NRAS, BRAF,

RET, PIK3CA, and TP53. Gene analysis of the neoplasm samples

was undertaken by GREENIKON Medical Laboratory Co., Ltd

(Shanghai, China) using Illumina NovaSeq 6000 platform

(Illumina, San Diego, CA). Among the 32 genes examined by

this assay, only the EGFR, KRAS, and TP53 genes were mutated.

EGFR showed a missense mutation (c.2257C>T, p.P753S) of
Frontiers in Oncology 03
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exon 19. KRAS showed a missense mutation (c.35G>T, p.G12V)

of exon 2. TP53 showed a missense mutation (c.401T>C,

p.F134S) of exon 5 (Table 1). In addition, the expression level

of PD-L1 in tumor tissues of patients was detected, and IHC

staining results of tissue sections showed that the tumor

proportion score (TPS) of PD-L1 was 0%, indicating negative

expression. From 30 April, the patient received four cycles of

chemotherapy (pemetrexed + cisplatin) combined with

immunotherapy (penpulimab). On 4 July, the lung-

enhanced CT scan showed that the tumor was smaller than

that on 13 April (Figure 1).
Discussion

As a rare subtype of NSCLC, PEAC has similar clinical

manifestations to typical lung cancer, including dry cough, fever,

chest/back pain, and hemoptysis. Solid lung masses can be found by

CT or PET/CT imaging, and some may be accompanied by

speculation, pleural effusion, or indentation radiological findings.

Smoking may be a potential risk factor for lung-intestinal

adenocarcinoma, which is reported that 76.9% of PEAC patients

had a history of smoking (7). However, another study

showed that 46.1% of patients had a history of smoking, and it

seemed that there was no significant correlation between PECA
B C D
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FIGURE 2

Pathological and immunohistochemical examination results. (A) hematoxylin-eosin staining (HE), magnification×40; (B) HE, magnification×100;
(C) HE, magnification×200; (D) CDX-2 positivity, magnification×40; (E) CK7 positivity, magnification×40; (F) CK20 negativity, magnification×40;
(G) NapsinA negativity, magnification×40; (H) TTF-1 negativity, magnification×40.
TABLE 1 Gene mutation result.

Gene Exon Nucleotide variation Amino acid variation Mutation abundance

TP53 exon5 c.401T > C p.F134S 19.72%

KRAS exon2 c.35G > T p.G12V 15.25%

EGFR exon19 c.2257C > T p.P753S 42.80%
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and smoking (8, 9). Moreover, a study indicated that PEAC

affected more men, but other studies concluded a similar or

opposite incidence between men and women (8–10). These

controversies may be explained by the limited number of cases

reported currently. Nevertheless, there is a general consensus

that most PEAC patients are elderly (7–10).

Circulating tumor markers are highly sensitive to distinguish

different tumors, but it seems that it is difficult to distinguish

PEAC from other tumors. A study found that 68.2% (45/66)

patients had elevated carcinoembryonic antigen (CEA) levels,

whereas the positive rates of CA125 and CA19-9 were relatively

low, with 50% (5/10) and 48.4% (15/31) respectively (9).

Another article has suggested that PEAC is associated with

increases in serum CEA and CA19-9 (10). Therefore, it is

necessary to exclude digestive system tumors by CT, especially

gastrointestinal endoscopy.

Although there is no consensus on the characteristics of

PEAC, IHC is a great significant tool for the diagnosis. PEAC has

similar pathological morphology and IHC features to those of

metastatic colorectal adenocarcinoma (MCRC). That is, it has at

least one positive enteric differentiation marker including

colorectal cancer markers such as caudal-type homeobox 2

(CDX-2), cytokeratin-20 (CK 20), mucin 2 (MUC-2), and

villin, whereas lung cancer markers including CK7, napsin A,

and TTF-1 can be expressed simultaneously. One study retrieved

33 articles with a total of 170 PEAC patients included in PubMed

from 31 January 1991 to 1 August 2020 and found that the

positive rate of CK7, CDX2, CK20, and TTF1 was 88.2% (149/

169), 78.1% (132/169), 48.2% (82/170), and 38.8% (66/170),

respectively (11). Another study reported that the positive

expression rates of CK7 and CDX2 were 100%, whereas the

positive rates of TTF1, CK20, and MUC2 were 45.6%, 32.6%,

and 32.6%, respectively (12). Therefore, CK7 combined with

CDX2 was considered to be an important marker for the

diagnosis of PEAC.

The present patient was a 69-year-old non-smoker man who

complained of cough and expectoration with bloody sputum for

2 weeks. He found a massive soft tissue shadow in the lower lobe

of the right lung by a lung-enhanced CT scan. The pathological

examination of the tumor tissue obtained by CT-guided FNA

revealed a diagnosis of intestinal-type adenocarcinoma of the

right lung. Gastrointestinal endoscopy showed that the present

patient had multiple polyps, but the pathological examination

results ruled out gastric cancer or colon cancer. In the present

case study, IHC assays showed that the tumor was positive for

colorectal cancer markers (CDX-2, villin) and lung cancer

markers (CK7), but negative for TTF-1, CK20, and MUC-2.

We also detected the negative expression of SATB 2, because

some studies reported that SATB 2 can be used as a negative

marker of lung-intestinal adenocarcinoma, so as to differentiate

it from lung metastasis of colorectal cancer (13). Based on the

above pathological and immunohistochemical results, the
Frontiers in Oncology 04
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present case was diagnosed as PEAC after the primary

gastrointestinal tumor was excluded.

Further genetic analysis of PEAC is helpful to provide more

information for diagnosis and treatment. At present, most

studies believe that the predominant mutations associated with

PEAC include KRAS (G12V, G12D, G12C, and G13D) and

ALK, whereas EGFR was mostly wild type (8, 10, 12–15).

Nottegar et al. found that KRAS was the most common

mutation in PEAC, and the mutation rates were 60.9% and

50.0% after analyzing 46 and 8 cases of PEAC, respectively (12).

However, KRAS G12V is also common in colonic

adenocarcinoma, so KRAS mutation cannot be used to

distinguish PEAC from MCRC (13). In these cases, KRAS 12

codon is the most common mutation site, and only one case has

KRAS exon 2 mutation and EGFR exon 19 deletion mutation

(p.E746_S752). This is also the first report of EGFR mutation in

PEAC (12). Since then, many studies have shown that the

positive rate of EGFR mutations is about 16.7%, much lower

than that of KRAS, and these EGFR mutations are all deletion

mutations (8, 10, 12, 13, 16).

Different from what was reported by Nottegar et al., EGFR

showed a missense mutation (c.2257C>T, p.P753S) of exon 19 in

the present case study. This mutation will result in a change from

C to T at base 2,257 of exon 19 of the EGFR gene, resulting in a

change from proline (P) to serine (S) at amino acid 753 of the

translated protein, which was only reported in a patient with

cutaneous squamous cell carcinoma (17). It is speculated that

this mutation may lead to exon jumping or protein truncation,

thus activating the EGFR kinase domain and increasing the

sensitivity to monoclonal antibody inhibition (17). As far as we

know, this is the first case report for PEAC with EGFR-p.P753S

mutation, although the role of P753 mutation in lung cancer

is unclear.

EGFR mutation mainly occurs between exon 18 and exon 21

in NSCLC. The most common mutations include exon 19

deletion and L858R exon 21, which have a convincing

response to EGFR tyrosine kinase inhibitors (TKIs). It is

reported that 10% of patients with EGFR mutation in NSCLC

have uncommon mutations, which include exon 18 mutations,

exon 20 insertion mutations, and other rare variants (18). Such

as exon 20 insertions and duplications are generally resistant to

targeted therapy with TKIs due to the inaccessibility of the

binding site for this mutation (19). Although new molecules

recently have been approved as subsequent targeted therapies,

chemotherapy remains the first-line regimen. In another case,

p.E746-A750del and p.delL747-P753insS are the common exon

19 deletion subtypes, which could disrupt inactive conformation

of EGFR kinase domain and enhance the effectiveness of EGFR

TKIs (20). However, it is not enough to evaluate and determine

the survival difference of the exon 19 deletion type as the number

of TKI-treated patients was very few. Overall, uncommon

mutations are insensitive or have a low response to EGFR-TKIs.
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Additionally, we also found KRAS missense mutation

(c.35G>T, p.G12V) of exon 2 in this case. KRAS gene is a proto-

oncogene in the RAS family, and its most frequent mutation sites

are almost all concentrated in codon 12 of exon 2, accounting for

about 90% (21). The KRAS gene is a downstream factor of the

EGFR signaling pathway. The continuous activation mutation of

KRAS may affect the therapeutic effect of EGFR-TKIs in NSCLC

patients. Pananalyzed the results of 41 global studies and found that

the overall prognosis of NSCLC patients would be worse when

KRASmutationwas found, andKRASmutationwas closely related

toEGFR-TKIsresistance (22). Inaddition,TP53showedamissense

mutation (c.401T>C, p.F134S) of exon 5. TP53 is an important

tumor suppressor gene in cells. It has the highest mutation

frequency (>50%) in many different types of tumors. It is a

negative regulator in the cell growth cycle, which is related to

important biological functions such as cell cycle regulation, cell

apoptosis, cell differentiation, DNA repair, and angiogenesis (23,

24). Most of the TP53 mutations are missense mutations,

accounting for more than 75% of the total mutations, and exons

5–8 are the most common mutation sites (25, 26). As the most

common type of co-mutation in advanced NSCLC, studies have

shown that EGFR-TP53 co-mutation may weaken the therapeutic

effect of TKIs (27). Because mutations of EGFR are rare in PEAC,

there have been no reported cases of TKIs. Therefore, the co-

mutations of EGFR, KRAS, and TP53 present in this case suggest

that this patient is not suitable for targeted drug therapy.

For the treatment of this PEAC patient, we chose PP

chemotherapy because it was reported that one stage IV PEAC

patient was treated with four times pemetrexed + cisplatin, and

tumor evaluationwas PR (28). Another patientwas treatedwith six

timespemetrexed+carboplatin, and tumor evaluationwasSD(29).

Based on the above exploration of chemotherapy, this study case

was treated with pemetrexed and carboplatin, and the fourth cycle

of chemotherapy has been completed. Immunotherapy is a

breakthrough in tumor therapy in recent years, and its efficacy

has been confirmed in various tumors. Studies have shown thatPD-

1 is highly expressed in PEAC, and compared with ordinary lung

adenocarcinomas, non-synonymous tumor mutational burden

(TMB) is significantly higher in patients with PEAC, indicating

that patients with PEAC may benefit from immune checkpoint

inhibitors (10).Therefore, it is very important todeterminewhether

PEAC patientsmay benefit from immunotherapy. After informing

the benefits and possible side effects of immunotherapy, the patient

agreed to PP chemotherapy combined with penpulimab

immunotherapy (30). The lung-enhanced CT scan showed that

the tumor shrank after four cycles of chemotherapy combinedwith

immunotherapy. At the time of drafting the present article, the

patient is still alive and about toundergo thenext cycleof treatment.

In conclusion, the present study reports the first case of

PEAC with a rare EGFR exon 19 missense mutation (c.2257C>T,

p.P753S), KRAS exon 2 missense mutation (c.35G>T, p.G12V),

and TP53 exon 5 missense mutation (c.401T>C, p.F134S).

Immunohistochemical targets and gene mutations observed in
Frontiers in Oncology 05
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this patient may be helpful in the diagnosis, treatment, and

prognosis of patients with PEAC. Furthermore, the combination

of chemotherapy and immunotherapy seems to be an effective

therapy for PEAC. Whether the use of immunotherapy can

provide clinical benefits needs to be further explored with more

samples in future studies.
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Glossary

PEAC Pulmonary enteric adenocarcinoma

NSCLC Non–small cell lung cancer

EGFR Epidermal growth factor receptor

KRAS Kirsten rat sarcoma viral oncogene

TP53 Tumor protein p53

CT Computer Tomography

FNA Fine-needle aspiration

CK7 Cytokeratin-7

CDX2 Caudal-type homeobox 2

C-MET Mesenchymal-epithelial transition factor

NGS Next-generation sequencing

WHO World Health Organization

CD10 Lymphocyte antigen 10

ROS1 Receptor tyrosine kinase

TTF-1 Thyroid transcription factor-1

ALK Anaplastic lymphoma kinase

SATB2 Special AT-rich sequence binding protein 2

MUC2 Mucin 2

MUC6 Mucin 6

MUC5AC Mucin 5AC

PAX8 Paired Box 8

GATA3 GATA binding protein 3

PSA Prostate-specific antigen

NKX3.1 NK3 homeobox 1

CK20 Cytokeratin-20

CYFRA21-1 Cytokeratin-19 fragment antigen21-1

CA19-9 Carbohydrate antigen 19-9

ECT Emission Computed Tomography

TPS Tumor proportion score

PD-L1 Programmed death ligand 1

CA12-5 Carbohydrate antigen 12-5

TKIs Tyrosine kinase inhibitors

PR Partial response

SD Stable disease

PFS Progression-free survival

OS Overall survival
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Lung cancer patients with
nephropathy as the first
manifestation: Literature review
and clinical study report

Qianqian Xu, Guming Zou, Li Zhuo, Hongmei Gao
and Wenge Li*

Department of Nephrology, China-Japan Friendship Hospital, Beijing, China
Background: To investigate the relationship between membranous

nephropathy (MN) and lung cancer.

Methods: To report patients with lung cancer detected by follow-up after the

diagnosis of MN by renal biopsy in China-Japan Friendship Hospital from

January 2010 to December 2019, and to study the prognosis of lung cancer-

associated MN and have a review of the literature.

Results: Lung cancer was detected in six patients followed for 1–27 months

(median 8 months) after the diagnosis of MN: including four cases of lung

adenocarcinoma, one case of carcinoma in situ, and one case of small cell lung

cancer with multiple metastases. Five cases were in remission after surgical

resection, and one case was remitted after chemotherapy. Six patients were

negative for serum anti-PLA2R antibodies, and glomerular IgG subclass

deposition detected by immunofluorescence was positive for IgG1 and IgG2.

Glomerular PLA2R, THSD7A, and NELL-1 stainings were assessed in all six

patients; one patient was positive for glomerular PLA2R staining, two patients

were positive for glomerular THSD7A staining, and all patients were negative for

NELL-1 staining. A literature review of the relationship between MN and lung

cancer was performed: seven articles about cancer-associated MN were

searched, reporting 32 cases of MN associated with lung cancer, among

which 14 cases had nephropathy as the first manifestation and only five

patients had remission of MN after treatment of lung cancer.

Conclusions: A few lung cancer patients have nephropathy as the first clinical

manifestation, and MN can also be remitted after treatment of lung cancer.

KEYWORDS

lung cancer, membranous nephropathy, anti-phospholipase A2 receptor antibody,
thrombospondin type-1 domain-containing 7A, NELL-1
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Introduction

Membranous nephropathy (MN) is a common pathological

type leading to nephrotic syndrome (NS) in adults, accounting

for 9.83% to 30% of primary glomerulonephritis (1, 2). MN is a

pathologic entity characterized by the formation of immune

complexes under the epithelial cells and diffuse thickening of the

glomerular basement membrane observed by light microscopy

(3). However, 75% of MN cases are idiopathic, whereas the

remainder are associated with infections, malignancies,

autoimmune diseases, and drug toxicity (4).

In recent years, there have been more reports of malignancy-

associated MN. In this paper, we summarized and analyzed the

literature of cancer-associated MN in the past 20 years and

searched seven domestic and foreign articles, totaling 113

patients with cancer-associated MN. Lung cancer was the most

common type of tumor, accounting for 32 cases (28.3%), and

among them, nephropathy was the first manifestation in 14 cases

(12.4%). We also reported six cases of lung cancer patients who

were followed up after the diagnosis of MN by kidney biopsy in

China-Japan Friendship Hospital from January 2010 to

December 2019 and analyzed their clinical characteristics and

prognosis to explore the relationship between lung cancer

and MN.
Materials and methods

Data sources and searches

We searched literature about cancer-associated MN in the

past 20 years, and a total of seven articles were selected to

summarize the relationship between lung cancer and MN. We

also reported the clinical data and pathological characteristics of

patients who were followed up and found to have lung cancer

after diagnosis of MN by renal biopsy in China-Japan Friendship

Hospital from January 2010 to December 2019.

This study was approved by the Ethics Committee of China-

Japan Friendship Hospital (approval number: 2019-17-K12).
Patient selection

The inclusion criteria for patients with lung cancer-

associated MN were as follows: (1) renal histological and

immunopathological changes consistent with secondary

membranous nephropathy (SMN) (5); (2) lung cancer was

detected at the same time or within several years after the

diagnosis of MN, and MN was in remission after treatment of

lung cancer, or MN recurred when lung cancer recurred; (3)

secondary causes such as systemic lupus erythematosus,

hepatitis B, and hepatitis C infection were excluded, as well as
Frontiers in Oncology 02
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no use of non-steroidal anti-inflammatory drugs, gold agents,

penicillamine, and other drugs and no history of exposure to

organic solvents and mercury.
Clinical and biological data

Patients with lung cancer-associated MN were counted for the

following aspects of clinical data: (1) age, gender ratio, 24-h urine

protein quantification, serum albumin, blood creatinine, eGFR, and

anti-PLA2R antibodies; (2) the main clinical manifestations of the

patients, time of diagnosis of MN and lung cancer; (3) type and

treatment of lung cancer, the prognosis of lung cancer, and

remission of MN after treatment of lung cancer.

The estimated glomerular filtration rate (eGFR) was

estimated using the EPI formula (6).
Analysis of renal biopsies

Percutaneous renal puncture was performed, and kidney tissue

specimens were obtained in three parts in all cases for light

microscopy, immunofluorescence, and electron microscopy. (1)

Light microscopy: light microscopic specimens all contained more

than 10 glomeruli, were paraffin-embedded, sectioned 2 mm thick,

and stained with HE, PAS, PASM, and MASSON, respectively. (2)

Immunofluorescence: Frozen sections were used to detect IgG, IgA,

IgM, C3, C1q, FRA, and IgG subclasses (IgG1, IgG2, IgG3, and

IgG4) by direct immunofluorescence. (3) Electron microscopy: All

kidney biopsy specimens were sent to the electron microscopy

laboratory of China-Japan Friendship Hospital for examination.

Renal pathological typing and diagnosis were referred to our

pathological standards for renal biopsies.
Study reagents

Serum anti-PLA2R antibody assay: Patients after August 2016

were tested using the human anti-phospholipase A2 receptor

antibody enzyme immunoassay kit (Shanghai Lianshuo

Biological), and each step was performed according to the

instructions, and finally the expression of serum anti-PLA2R to

be tested was calculated according to the standard curve. Serum

anti-PLA2R antibody ≥20 IU/ml was considered positive.

Paraffin-embedded sections of formalin-fixed renal tissue

were utilized for immunohistochemistry (IHC) using rabbit

polyclonal anti-PLA2R (1:500; Sigma-Aldrich, Germany),

rabbit polyclonal anti-THSD7A (1:400; Sigma-Aldrich), and

rabbit polyclonal anti–NELL-1 antibody (1:800; Sigma-

Aldrich) as the primary antibodies. The glomerular

expressions of PLA2R, THSD7A, and NELL-1 were detected

according to the same protocol as reported previously.
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Results

Literature review

We searched and summarized the literature on cancer-

associated MN from 2000 to the present, and seven domestic

and foreign articles were selected (7–13), totaling 113 patients,

and the most common tumor was lung cancer in 32 cases

(28.3%). Among the lung cancer patients, 14 cases (12.4%)

had nephropathy as the first manifestation; a summary of the

literature on cancer-associated MN is shown in Table 1. Among

them, 12 patients with detailed information of the type of lung

cancer, treatment and prognosis of lung cancer, and remission of

MN are shown in Table 2.

As seen in Table 2, all patients with lung cancer-associated

MN had pathology characterized by secondary membranous

nephropathy, and only two patients were positive for serum anti-

PLA2R antibody. Six patients with unremitting lung cancer had

unremitting MN as well, one relapsed, and five patients had

remission of MN after treatment and remission of lung cancer.

However, the specifics of remission of MN after lung cancer

treatment were not documented in these patients.
Clinical manifestations of lung cancer
patients with nephropathy as the first
manifestation in our center

In the follow-up of our center, we found that the pathology of

six lung cancer patients with nephropathy as the first manifestation

was secondary MN, and the patients were found to have lung

cancer at 1–27 months (median 8 months) after the diagnosis of

MN. Among them, there were three men and 3 women, the age of
Frontiers in Oncology 03
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onset was 47–70 years, and the median age was 63 years. The

histology of lung cancer included four cases of adenocarcinoma, one

case of carcinoma in situ, and one case of small cell lung cancer with

multiple metastases. Case 1 was found to have an occupying lesion

in the lower left lung by chest CT without respiratory symptoms 27

months after diagnosis of MN. Adenocarcinoma was diagnosed

through puncture pathology, and surgery was performed. Case 2

developed edema of both lower extremities without obvious

incentives; chest CT was performed, and pulmonary nodules

were found at the same time of diagnosis of MN. One month

later, puncture pathology showed adenocarcinoma of the right

lower lobe of the lung, and surgery was performed. Case 3 was

mainly manifested with edema of both lower extremities and had

no respiratory symptoms. One month after the diagnosis of MN, a

mass in the lower lobe of the left lung was found during chest CT

examination. The puncture pathology showed adenocarcinoma,

and surgery was performed. Case 4 was found to have an

occupying lesion in the left lower lobe of the lung 7 months after

diagnosis of MN without respiratory symptoms. The puncture

pathology showed adenocarcinoma of the lung, and surgery was

performed. Case 5 was admitted to the hospital with increased

foamy urine and was found to have a right lower lung nodule by

chest CT 9 months after the diagnosis of MN, and the pathology

showed carcinoma in situ, which was treated surgically. Case 6 was

admitted to the hospital due to edema of both lower extremities,

and after 13 months of diagnosis of MN, he consulted the

respiratory department due to “cough and hemoptysis for 2

months”. Chest CT showed central lung cancer in the upper lobe

of the left lung with pulmonary atelectasis and puncture pathology,

and PET-CT showed small cell lung cancer with multiple

metastases, which were inoperable and treated with

chemotherapy. The detailed information of the six patients are

shown in Table 3.
TABLE 1 Summary of the literature on lung cancer-associated MN.

Li
et al.
(7)

Bjørneklett
et al. (8)

Qu
et al.
(9)

Zhang
et al. (10)

Ohtani
et al. (11)

Lönnbro-
Widgren et al.

(12)

Lefaucheur
et al. (13)

Total

Follow-up period 2005-
2008

1988-2003 1997-
2009

2001-2017 1985-2002 2000-2012 1994-2001

Mean age, years 53.6 ±
6.7

65 ± 11 64.4 ±
8.7

63.4 ± 7.9 64 (54, 80) 68 ± 10 73 (65, 78)

Total number, n 10 33 8 12 10 16 24 113

Patients with lung cancer, n (%) 5 (50) 6 (18.2) 3 (37.5) 5 (41.7) 2 (20) 3 (18.7) 8 (33.3) 32
(28.3)

Diagnosed with cancer before the diagnosis of
MN, n (%)

1 (10) NA 3 (37.5) 0 0 0 NA 4 (3.5)

Diagnosed with cancer at the same time or
following the diagnosis of MN, n (%)

4 (40) NA 0 5 (41.7) 2 (20) 3 (18.7) NA 14
(12.4)

Remission of MN after treatment of lung
cancer, n (%)

1 (10) NA NA 2 (16.7) 0 1 (6.2) 4 (16.7) 8 (7.1)

Number of deaths during lung cancer follow-
up, n (%)

1 (10) NA NA 2 (16.7) 2(20) 2 (12.5) NA 7 (6.2)
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All six patients had “bilateral lower limb edema” as the main

manifestation, and five patients had massive proteinuria,

showing nephrotic syndrome. One patient had mildly elevated

blood creatinine at the beginning of the disease, and serum anti-

PLA2R antibody was negative in six patients.
Renal pathology

Light microscopy
Glomerular basement membrane thickening, mild

mesangial cell hyperplasia, and mesangial matrix increases

were seen in all patients under light microscope, and no

glomerular segmental loop necrosis, crescent, and other lesions

were found. Two patients had mild interstitial fibrosis, and one

had ischemic injury.

Electron microscopy
All patients had electron-dense deposits on the epithelial

side, four patients had a small amount of electron

dense deposition in the mesangial area, and two patients had

a small amount of electron dense deposition in the

subendothelial area.
Immunofluorescence
Five patients showed full bright features (IgG, IgM, IgA, C3,

C1q, and FRA were deposited), and one patient had IgG, IgM,

C3, and FRA deposited. Glomerular IgG subclass deposition was

detected by immunofluorescence: six patients were positive for

IgG1 and IgG2, only one case was positive for IgG3, and three
Frontiers in Oncology 04
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cases were positive for IgG4 (Table 4).

Immunohistochemistry
Glomerular PLA2R, THSD7A, and NELL-1 staining was

performed on formalin-fixed, paraffin-embedded (FFPE)

sections using immunohistochemistry (IHC) procedure as

previously described. Subepithelial granular pattern staining

was considered positive, while faintly appreciable staining of

the tubular brush border and along the capillary walls was

considered negative (shown in Figure 1).
Treatment and prognosis
Six patients were found to have lung cancer 27, 1, 1, 7, 9, and

13 months after the diagnosis of MN. All patients had remission

of MN after surgical resection of tumor or chemotherapy, and

there was no significant change in renal function before and after

treatment. The manifestations of MN before and after lung

cancer treatment are shown in Table 5.
Discussion

Since Lee et al. (14) first proposed the existence of a

relationship between NS and malignancy in 1996, the

relationship between nephropathy and malignancy has been

widely concerned by clinicians. In clinical practice, cancer-

associated nephropathy is on the rise, mostly with proteinuria

or NS as the main first symptom (8). The malignant tumors that

cause kidney disease are mainly divided into two categories: solid

tumors and non-solid tumors. Solid tumors include lung cancer,
TABLE 2 Review of the literature on lung cancer patients with nephropathy as the first manifestation.

Case
no.

Pathology and markers of MN Histology of lung
cancer

Treatment
of lung
cancer

Remission of lung
cancer

Remission of
MN

Pathological
type

Glomerular
PLA2R

PLA2R-Ab
(RU/ml)

S C/R

1 (7) Secondary MN NA + Squamous cell carcinoma S C Relapse NR

2 (7) Secondary MN NA – Adenocarcinoma C No NR

3 (7) Secondary MN NA – Squamous cell carcinoma S C Yes CR

4 (7) Secondary MN NA – Squamous cell carcinoma C No NR

5 (10) Secondary MN – – Adenocarcinoma S Yes PR

6 (10) Secondary MN – – Adenocarcinoma S C No NR

7 (10) Secondary MN – – Carcinoma in situ S Yes CR

8 (10) Secondary MN – – Squamous cell carcinoma S C No NR

9 (10) Secondary MN + + Carcinoma in situ S Yes PR

10 (12) Secondary MN – NA Lung cancer S R No NR

11 (12) Secondary MN – NA Lung cancer No No NR

12 (12) Secondary MN – NA Lung cancer S Yes CR
R, radiotherapy; S, surgery; C, chemotherapy; CR, complete remission; NR, no remission; PR, partial remission; NA, Not available.
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colon cancer, and renal cell carcinoma. Non-solid tumors

include non-Hodgkin’s lymphoma and multiple myeloma.

Among them, MN is more closely related to solid tumors.

Clinically, the pathological types of cancer-associated

nephropathy are not typical and the pathogenesis is not clear.

Napat et al. (15) performed a meta-analysis on the incidence

and characteristics of cancer and MN and showed that the

incidence of cancer-associated MN was around 10% and the

mean age of cancer in patients with MN was (67 ± 7) years, with

lung cancer being the most common, followed by gastric,

intestinal, prostate, and breast cancers. We summarized all the

seven articles on “cancer-associated MN” from 2000 to the

present: there were 113 patients, 78 men, and the most

common was lung cancer in 32 cases (18 adenocarcinoma, 12

squamous cell carcinoma, and 2 in situ carcinoma), accounting

for 28.3%. Among them, 14 cases (12.4%) had nephropathy as

the first manifestation. Six patients with unremitting lung cancer

had unremitting MN as well, one relapsed, and five patients had

remission of MN after treatment and remission of lung cancer.

Our follow-up analysis of six cases of lung cancer patients

with nephropathy as the first manifestation found in China-

Japan Friendship Hospital in the past 10 years revealed that the

median age was 63 years, NS was the main manifestation, and all

renal pathology showed features of secondary MN, with clinical

exclusion of MN due to secondary causes such as hepatitis B,

hepatitis C infection, and SLE. Among them, there were four

cases of lung adenocarcinoma, one case of carcinoma in situ, and

one case of small cell lung cancer with multiple metastases.

Moreover, most of these patients had bilateral lower limb edema

as the main manifestation at the time of discovery of MN,

without clinical manifestations related to lung cancer and

elevated specific tumor markers. Therefore, for elderly patients

with MN, we cannot rely solely on clinical manifestations and
Frontiers in Oncology 05
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positive tumor markers to rank for the presence of cancer, and

routine chest CT is required to screen for lung cancer if

necessary. During the follow-up of elderly patients with MN, it

is necessary to pay close attention to the changes of the disease,

and for patients who are not in remission with conventional

treatment, regular systemic examinations should be performed

to exclude the presence of tumors.

In the present study, the pathological manifestation of lung

cancer-associated MN was mainly characterized by secondary

MN, consistent with previous reports (9). Further analysis of IgG

subclass in the renal tissue in our patients revealed that IgG

subclasses were predominantly IgG1 and IgG2 deposition. It has

been shown that IgG4 deficiency and IgG1 and IgG2 deposition

in renal biopsy tissues are associated with malignancy-associated

MN (11, 12). Ohtani et al.’s study also found that the glomerular

IgG subclass deposition of cancer-associated MN was dominated

by IgG1 and IgG2, which was different from the glomerular IgG4

deposition of IMN (11).

In 2009, Beck et al. (16) first detected M-type PLA2R

antibodies in the blood circulation of patients with IMN,

which are present in the serum of approximately 70%–80% of

patients with IMN and are strongly associated with disease

activity and prognosis (17–19), facilitating the differential

diagnosis of IMN and SMN. In our literature review, only one

patient was positive for the anti-PLA2R antibody, while the six

patients we followed up were all negative for serum anti-PLA2R

antibodies. Therefore, MN patients with a negative anti-PLA2R

antibody need to be alert for the development of

malignancy (20).

In recent years, a novel autoantigen of MN, THSD7A

(platelet-reactive protein type 1 domain 7A), has also been

identified, which accounts for 2%–3% of the prevalence of MN

in adults and is the second autoantibody in MN (21). THSD7A is
TABLE 3 Clinical and pathological features of lung cancer patients with nephropathy as the first manifestation.

Case
no.

Pathology and markers of MN Histology of
lung cancer

Treatment
of lung
cancer

Remission
of lung
cancer

Remission
of MN

Pathological
type

PLA2R-
Ab (RU/

ml)

Glomerular
PLA2R

Glomerular
NELL-1

Glomerular
THSD7A

S C/R

1 Secondary MN – – – – Infiltrative
adenocarcinoma

S Yes CR

2 Secondary MN – – – – Infiltrative
adenocarcinoma

S C Yes CR

3 Secondary MN – – – – Infiltrative
adenocarcinoma

S Yes PR

4 Secondary MN – – – – Mucinous
adenocarcinoma

S Yes CR

5 Secondary MN – + – + Carcinoma in situ S Yes CR

6 Secondary MN – – – + Small cell lung
cancer with multiple
metastases

C Yes CR
f

R, radiotherapy; S, surgery; C, chemotherapy; CR, complete remission; NR, no remission; PR, partial remission.
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detected in approximately 10% of PLA2R-negative patients, and

THSD7A-associated MN is associated with the development of

malignancies. It has been shown that the positivity rate of

THSD7A in malignant tumors is 15%–20% (22), and the

messenger RNA of THSD7A was detected in some tumor

tissues (gallbladder cancer) and THSD7A protein was detected

in dendritic cells of tumor-infiltrating lymph node germinal

centers (23, 24). One case with lung squamous cell cancer had

positive THSD7A staining in both glomeruli and cancer cells.

Additionally, remission of MN was observed after surgical

resection of lung cancer, supporting a mechanistic role for

THSD7A in the association between cancer and MN (25). In

our study, two of the six patients had positive THSD7A staining

in renal tissue, and one of them had double-positive staining for

PLA2R and THSD7A, suggesting that patients with positive

THSD7A staining were more likely to develop tumors. In other

studies, THSD7A is differentially expressed in different solid

tumors, including lung, breast, kidney, and colorectal cancers,

which are of value for the prognosis of the disease (26).
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Therefore, the detection of THSD7A provides some clues for

the identification of cancer-associated nephropathy.

Autoantibodies to the neural epidermal growth factor-like 1

(NELL-1) are a recent addition to the MN disease spectrum and

may be more prevalent than anti-THSD7A antibodies (27).

NELL-1-associated MN was identified in approximately 16%

of PLA2R-negative MN cases, representing an approximate 2.5%

prevalence across the entire spectrum of MN (28). There are

some reports of a connection between NELL-1-associated MN

and malignancy, while NELL-1 staining in renal tissue was

negative in all of our six cases, so more research is needed to

explore the relationship between NELL-1 and malignancy.

Previous studies have found that the remission of cancer-

associated nephropathy is closely related to the effectiveness of

treatment of the tumor. Lefaucheur et al. (13) reported 24 cases

of cancer-associated MN, and six of 12 patients with tumor

remission achieved NS remission, none of the 12 patients whose

tumors did not resolve had NS remission. In this study, six

patients with lung cancer had remission of MN with resection of
TABLE 4 Pathological and immunofluorescent features of lung cancer patients with nephropathy as the first manifestation.

Case no. Mesangial proliferation IgG IgM IgA C3 C1q IgG1 IgG2 IgG3 IgG4

1 1+ 3+ 2+ 2+ 2+ 2+ 3+ 2+ 0 0

2 2+ 3+ 2+ 2+ 3+ 2+ 3+ 2+ 0 2+

3 3+ 4+ 1+ 2+ 2+ 2+ 3+ 2+ 0 2+

4 2+ 3+ 2+ 2+ 2+ 2+ 3+ 2+ 0 3+

5 1+ 2+ 1+ 0 3+ 0 2+ 1+ 1+ 0

6 2+ 3+ 2+ 2+ 2+ 2+ 3+ 2+ 0 0
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FIGURE 1

Representative images of positive glomerular PLA2R staining in case 5 (A) and positive THSD7A staining in case 5 (B) and case 6 (C) as
determined by immunohistochemistry. Negative glomerular NELL-1 staining in case 2 (D). (Immunohistochemistry staining, magnification ×400).
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tumor lesions and systemic chemotherapy. The above cases

further illustrate that whether malignancy-associated MN can

be remitted is related to the stage of tumor development and the

thoroughness of treatment. If the malignant tumor is detected

early and has no metastasis and is surgically removed, NS may be

in complete remission. NS cannot be relieved in most cases if the

tumor lesions are not resected or have metastasized. However,

NS may still be relieved by effective radiotherapy and/

or chemotherapy.
Conclusions

In summary, cancer-associated MN is most common in lung

cancer, and some patients with lung cancer have nephropathy as the

first manifestation without lung cancer-related clinical symptoms

and elevated specific tumor markers. For elderly patients with MN,

especially those with negative anti-PLA2R antibodies and positive

THSD7A staining by immunohistochemistry or anti-THSD7A

antibodies, follow-up observation should be strengthened to be

alert for tumorigenic lesions. The mechanisms involved in the

etiology of MN and cancer need further study.
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TABLE 5 Prognosis of lung cancer patients with nephropathy as the first manifestation.

Case
no.

Gender Age Time from biopsy to identification of
malignancy (months)

Manifestation of MN before
lung cancer treatment

Manifestation of MN after lung
cancer treatment

Proteinuria
(g/day)

ALB
(g/L)

Scr
(mmol/
L)

Proteinuria
(g/day)

ALB
(g/L)

Scr
(mmol/
L)

1 M 66 27 6.62 30.5 65.2 0.52 35.2 87.5

2 M 63 1 8.37 28.4 119.3 0.32 39.4 109.4

3 F 70 1 8.81 22.6 61.9 1.52 32.5 77.6

4 F 58 7 4.85 30.4 58.3 0.58 34.6 56.4

5 F 47 9 2.7 36.2 44.6 0.24 38.6 45.9

6 M 63 13 14.67 24.5 65.4 0.28 35.3 59.1
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Case report: Novel junctional
sarcoplasmic reticulum protein 1
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a patient with lung
adenocarcinoma responds
to alectinib
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Novel anaplastic lymphoma kinase (ALK) fusions are still being discovered in

non-small cell lung cancer (NSCLC). Most patients with ALK+ NSCLC respond

favorably to ALK tyrosine kinase inhibitors. In this case report, we identified a

novel nonreciprocal ALK fusion, namely, junctional sarcoplasmic reticulum

protein 1 (JSRP1) intergenic region–ALK fusion (Jintergenic: A20) via next-

generation sequencing in a female patient initially diagnosed with stage IV B

lung adenocarcinoma. Further examination of biopsy specimen and analysis of

clinical samples by a multidisciplinary team confirmed the diagnosis of ALK+

NSCLC. At the 2- and 4-months follow-up after receiving alectinib, the patient

responded rapidly, implying that alectinib had a remarkable therapeutic effect.

We identified a novel JSRP1 intergenic region–ALK fusion as a carcinogenic

mutation that responds to alectinib, thereby expanding the spectrum of ALK

fusion partners in ALK + NSCLC. This study may help clinicians detect

oncogenic mutations and provide timely treatment to patients with

ALK+ NSCLC.

KEYWORDS

intergenic region-ALK fusion, non-small cell lung cancer, alectinib, targeted therapy,
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Introduction

Lung cancer remains the leading cause of cancer-related

deaths globally, accounting for 18% of all cancer-related deaths

(1). In addition, 4–8% of patients with non-small cell lung cancer

(NSCLC) harbor anaplastic lymphoma kinase (ALK) gene

fusions, which are associated with diagnosis at a young age (2,

3). ALK tyrosine kinase inhibitors (TKIs) have shown

remarkable effects on patients with ALK-rearranged NSCLC

(4, 5). More than 90 distinct fusion partners have been found.

Furthermore, 28 potential fusion partners due to intergenic ALK

rearrangements have been discovered (6). ALK fusion is a

heterogeneous biomarker that may vary in expression

depending on its type (7, 8).
Case description

In December 2021, a 40-year-old Chinese woman, without a

family history of cancer as well as no smoking history, presented

in a community hospital with upper abdominal pain for 3 months.

Computed tomography (CT) scans of her abdomen revealed

multiple lesions of the liver, pancreas, and bilateral adrenal

gland. Chest X-ray examination revealed a lung mass in the

right lower lobe. A chest CT scan revealed multiple nodules,

with the largest diameter measuring 27 mm and multiple lymph

node involvement around the right hilum (Figure 1A). The

patient visited our hospital for further examination on

December 22, 2021. The Eastern Cooperative Oncology Group

performance status was one, and physical examination revealed

no abnormal signs. Enhanced magnetic resonance imaging of the

brain showed no abnormalities. Emission CT revealed abnormal

radioactive concentrations in the bone, which were then

diagnosed as multiple bone metastases (Figure 1B). At the

patient’s request, ultrasound-guided liver tumor biopsy was

performed on December 23, 2021. A cytologic examination of

the biopsy specimen showed adenocarcinoma cells (Figure 2A),

which tested positive for cytokeratin 7 and thyroid transcription

factor-1 and negative for Hepa in immunohistochemistry (IHC)

(Figure 2B–D). Lung adenocarcinoma with stage IV (T1bN2M1c)

was confirmed by a multidisciplinary team composed of a

pathologist, a thoracic radiologist, and an oncologist.

Next-generation sequencing (NGS) analysis of liver biopsy

tissue was assessed by performing capture-based targeted deep

sequencing using the Lung Core Panel (NextSeq 500 system,

Illumina, Inc), covering the exons of 16 lung cancer-related genes

(EGFR, ALK, RET, ROS1, MET, ERBB2, KRAS, BRAF, NTRK1,

NTRK2, NTRK3, CDK4, CDK6, NRAS, PIK3CA , and

TP53) (Guangxi Medical University REXPLO Medical

Laboratory, Nanning, China). NGS revealed a novel ALK fusion,

namely, junctional sarcoplasmic reticulum protein 1 (JSRP1)

intergenic region–ALK fusion (Jintergenic: A20) (abundance:

37.2%). The microsatellite status was microsatellite instability-
Frontiers in Oncology 02
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stable, and the tumor proportion score of PD-L1 (antibody: 28-8)

was greater than 50% (Figure 2E). IHC (Ventana D5F3) and

fluorescence in situ hybridization (FISH) of the biopsy specimen

were performed, which confirmed a marked ALK fusion at the

protein and DNA levels (Figures 2F, G).

Most ALK rearrangements are sensitive to ALK-TKI (6). The

patient was orally administered 600 mg of alectinib twice daily in

January 2022. The patient complained of significant fatigue and

nausea 3 days after receiving alectinib. A week after initiation,

alectinib administration was reduced to 450 mg orally twice

daily. The symptoms disappeared after 3 weeks of medication.

At the 2- and 4-months follow-up, a CT scan revealed a

remarkable reduction of the tumors in the chest, liver,

pancreas, adrenal gland, and mediastinal lymph node

(Figure 1A). Partial response was achieved in accordance with

the Response Evaluation Criteria in Solid Tumors version 1.1.

Written informed consent for submitting this case report

was obtained from the patient.
Discussion

ALK rearrangements are common driver genes in NSCLC

(9). With the increasing adoption of NGS for molecular profiling

of NSCLC samples, more novel fusions and their corresponding

efficacy on ALK-TKI have been reported (6). In this report, we

identified a novel ALK gene fusion, JSRP1–ALK (Jintergenic:

A20), via NGS and confirmed its efficacy using IHC and FISH

assay. Subsequently, patient harboring this novel fusion was

treated with alectinib, which exerted a remarkable effect in a

short period.

JSRP1 is one of the proteins constituting the junctional face

membrane with an apparent molecular mass of 45 kDa. It is

critical in the process of functional expression of voltage-

dependent Ca2+ channels (10, 11). In this report, JSRP1

intergenic region rearranged to exons 20–29 of ALK, retaining

its intact domain (Figure 3A). Then, exons 1–19 of ALK

rearranged to exon 2 of LINC00211 (A19: LINC00211)

(Figure 3B). Based on the structure of the fusion products

(Figure 3C), we speculated that the 3ʹ-ALK fusion product

possesses kinase activity. Ying et al. found that uncommon ALK

fusions detected using DNA NGS are an unreliable predictor of

matched targeted therapy efficacy (12). In order to exclude the

discordance of NGS, FISH, and IHC results caused by the complex

biological mechanisms involved in transcriptional or post-

transcriptional processes, we conducted FISH and IHC to

confirm the positive ALK gene break and the marked ALK

fusion protein expression in the tumor specimen. As per a

previous study (13), we hypothesized that the JSRP1 intergenic

region possibly generates an N-terminal-derived product that

leads to the constitutive expression of ALK. According to the

consistency of DNA NGS, FISH, and IHC results, and the good

response of the patient to alectinb, we speculated that the JSRP1–
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ALK (Jintergenic: A20) fusion is a carcinogenic mutation in this

case. Further studies should be conducted to confirm the

biological function of the JSRP1–ALK (Jintergenic: A20) fusion

in tumorigenesis. However, the biological function of 5ʹ-ALK
fusion translocation products remains unclear.

There are many studies and case reports on the treatment of

NSCLC due to ALK rearrangements with crizotinib as it is the

first ALK-TKI approved by the Food and Drug Administration

for ALK-positive NSCLC patients. Zhang et al. reported that

harboring non-reciprocal translocation is a poor predictive

marker in patients with ALK-rearranged NSCLC treated with
Frontiers in Oncology 03
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first-line crizotinib. Further, patients with non-reciprocal/

reciprocal ALK translocation were reported to have a higher

incidence of brain metastasis at baseline than those with classic

3ʹ-ALK fusion (7). Conversely, the biopsy sample had a high

level of PD-L1 expression (PD-L1 TPS of > 50%). Yang et al.

revealed that positive PD-L1 expression was associated with

unfavorable clinical outcomes in patients with ALK positive lung

adenocarcinoma receiving crizotinib (14). Studies have shown

that different fusion modalities may have inconsistent responses

to crizotinib (7, 8). Therefore, there may have not been a long

survival benefit had crizotinib been given to this patient.
A

B

FIGURE 1

(A) Chest and abdomen computed tomography scans revealing the clinical response to alectinib. (B) Bone scan with technetium 99m-methyl
diphosphonate prior to alectinib treatment revealing radioactive accumulation in the bones (red arrow).
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Compared with those receiving crizotinib, patients receiving

alectinib, ceritinib, brigatinib, or lorlatinib showed better response

and had considerably longer progression-free survival (PFS) in

advanced ALK-positive NSCLC (15–18). The case we presented
Frontiers in Oncology 04
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here had PFS for more than five months till date. Whether alectinib

is more effective than crizotinb in rare ALK rearrangements

requires more research. In addition, the resistance mechanism of

rare ALK fusion to ALK-TKI is rarely reported. Further clinical
A B

C

FIGURE 3

DNA-based next-generation sequencing findings for paraffin-embedded specimen of the patient. (A, B) The novel non-reciprocal JSRP1-ALK
(Jintergenic:A20) rearrangement visualized using the Integrative Genomics Viewer.(C) Diagram depicting the non-reciprocal ALK fusion.
FIGURE 2

Immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) results of the biopsy specimen. (A) Hematoxylin and eosin staining
revealing an adenocarcinoma. (B–F) IHC results of TTF-1, Hepa, CK-7, PD-L1, and ALK expression detected by D5F3 IHC assay. (G) FISH showed
ALK gene rearrangement positive signal (one red and one yellow, indicated by white arrows).
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observation is required to further improve the efficacy of ALK-TKI

in patients with novel ALK rearrangements.
Conclusion

We identified a novel JSRP1 intergenic region–ALK fusion,

expanding the spectrum of ALK fusion partners in patients with

ALK + NSCLC. In addition, we found that alectinib exerted a

remarkable and rapid therapeutic effect on the patient harboring

this particular ALK fusion.
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Secondary mutant ALK-I1171s in
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advanced lung adenocarcinoma:
A case report and literature
review
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Technology, Wuhan, China
Background: Pituitary metastasis accounts for a very low percentage of cases

of brain metastasis from lung cancer, and there are uncertainties and

challenges in diagnosis and treatment. We hope to shed some light on the

diagnosis and treatment by reporting a case of ALK fusion mutation-positive

lung cancer pituitary metastasis.

Case presentation: We report a 48-year-old female patient with an initial

diagnosis of stage IVB lung adenocarcinoma with ALK fusion. The patient

developed headache, dizziness, hypopituitarism and hyperprolactinemia one

year after treatment with crizotinib. Later, the patient underwent neurosurgical

resection of the pituitary tumor and then symptomatic relief. Postoperative

pathology suggested pituitary metastasis, and the next-generation gene

sequencing conducted on the pituitary metastasis indicated that secondary

drug resistance mutation ALK-I1171s occurred after the ALK fusion gene.

Conclusion: In this article, we present a patient with suspected pituitary

metastases with lung cancer. The progression to pituitary mass resection and

next-generation gene sequencing of the pituitary metastasis are suggestive for

further diagnosis and treatment.
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Introduction

According to available reports, pituitary metastases from lung

cancer are very rare, especially when compared with metastases to

other endocrine glands, such as the adrenal gland and thyroid

gland (1). Lung cancer (24.2%) is the second most common

malignant tumor for pituitary metastases after breast cancer

(37.2%), followed by prostate cancer (5%), kidney cancer (5%)

and lymphoma (2). Some studies have found that the average

overall survival of patients with pituitary metastases is 10-13

months (3, 4). Patients with pituitary metastases from lung cancer

are usually asymptomatic at first. However, as the tumor grows to

a certain size, the mass will cause central nervous system

and endocrine system symptoms. The most common

symptoms are visual impairment, followed by hypopituitarism,

hyperprolactinemia, and diabetes insipidus (5). Clinical

symptoms and imaging examination cannot effectively

differentiate pituitary metastases from benign pituitary tumors.

Chemotherapy, radiation therapy, hormonal therapy and surgery

are the available treatment options, but there is no conclusive

evidence that these treatments can prolong the survival of

patients (6). This paper reports an ALK fusion mutation-

positive lung adenocarcinoma patient with pituitary metastasis.
Frontiers in Oncology 02
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After surgical treatment, the symptoms of dizziness, headache,

hypopituitarism and hyperprolactinemia were significantly

relieved. Meanwhile, our team also conducted next-generation

gene sequencing of the pituitary metastasis, and the results

indicated that secondary drug resistance mutation ALK-I1171s

occurred in the ALK fusion gene.
Case presentation

A 48-year-old Chinese woman with no smoking history

presented to the Union Hospital of Tongji Medical College of

Huazhong University of Science and Technology in October 2020

for chest tightness and chest pain. The 18F-fluorodeoxyglucose

positron emission tomography/computed tomography (18F-FDG

PET/CT) revealed a soft tissue density shadow in the right lower

lobe with a size of 3.4*2.4 cm; enlarged bilateral supraclavicular

and mediastinal lymph nodes, thickened bilateral pleura and

increased pericardial effusion were metabolism increased; the

metabolism in thoracic vertebrae T4, lumbar vertebrae L1, L5,

and right ilium were also increased (Figure 1). Baseline lung

enhanced CT images are shown in Figure 2A. Brain MRI showed

no abnormalities (Figure 2F). In October 2020, the patient
A B

DC

FIGURE 1

Representative 18F/FDG PET-CT images of the patient: (A) enlarged bilateral supraclavicular and (B) mediastinal lymph nodes; (C) a 3.4*2.4 cm
soft tissue density mass in the right lower lobe; and (D) increased metabolism in right ilium.
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underwent ultrasound-guided pericardiocentesis of pericardial

effusion. Upon pathological examination of the pericardial

effusion, cancer cells were detected, which was consistent with

lung adenocarcinoma (Figure 3). Immunohistochemistry yielded

the following: PCK (+), TTF-1(+), i+), CK5/6 (–), EGFR (–), C-

met (–), Ros-1 (–), ALK (+). Next-generation genetic sequencing

(whole-exome sequencing by company of gloriousmed)
Frontiers in Oncology 03
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suggested the ALK EML4 (7, 8) - ALK (9, 10) fusion. Variant

allele frequency (VAF) was 3.81%. Another driver mutation was

CUX1 (mutation region: chr7: 101821924, 11 exon c.1004delA, p.

Asn335fsTer20, VAF 1:00%), and others were somatic mutations

of no clinical value, such as INPP4A, MED12, CDC73, CIC,

SACS, NOTCH3, ARID2, RPS2, IRS2, INHA. Therefore, the

patient was initially diagnosed with lung adenocarcinoma stage
B C D E
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A

FIGURE 2

Representative CT or MRI images of the patient: (A) CT image of October 2020 before the treatment. (B) CT image of January 2021 after
treatment with crizotinib. The therapeutic effect of the patients was evaluated as partial response. (C) CT image of September 2021 after
pituitary metastases; the lung lesion was stable. (D) CT image of February 2022 after treatment with ceritinib; the lung lesions shrank further.
(E) CT image of August 2022 after treatment with ceritinib; the lung lesion is still shrinking. (F) MRI image obtained in October 2020 before
treatment; brain MRI showed no abnormalities. (G) MRI image of September 2021 after finding pituitary metastases. (H) MRI image after 1
month of supplemental hormone therapy. The pituitary gland was enlarged. (I) MRI image after sphenoid sinus exploration and nasal
endoscopic saddle area tumor excision, and the brain MRI showed no mass. (J) Follow-up MRI images 9 months after tumor resection and 9
months after ceritinib administration.
FIGURE 3

Histopathological findings of pericardial effusion by paraffin embedding of cell sediment. IHC yielded the following: PCK (+), Claudin-4(+), TTF-1
(+), NapsinA(+), Calretinin (–), CK5/6 (–), P40 (–), EGFR (–), C-met (–), Ros-1 (–), ALK(+).
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cT2N3M1c IVB with EML4-ALK gene fusion (AJCC 8th

Edition). She started treatment with crizotinib (p.o. 250 mg bid)

in October 2020 for financial reasons. In January 2021, the

patient’s lung CT showed that the lesion in the lower lobe of

the right lung was 2.2*1.7 cm, and the pericardial effusion was

significantly reduced (Figure 2B. According to the criteria of

resist1.1, the therapeutic effect was evaluated as partial response

(PR). The patient started to have headache and dizziness in

September 2021, and brain MRI showed that the pituitary gland

was full in shape on September 7, 2021, approximately 1.4*1.4*1.3

cm in size, and the lung lesion was stable (Figures 2C, G). Then, a

lumbar puncture was performed, and no significant abnormalities

were seen in the cerebrospinal fluid panel, cerebrospinal fluid

biochemistry or cerebrospinal fluid cytology. ACTH (0 am): 5.83

pg/ml, ACTH (8 am): 10.20 pg/ml, ACTH (4 pm): 7.03 pg/ml

(normal value: 7-64 pg/ml); cortisol (0 am):7.0mg/L, cortisol (8
am):3.0mg/L, cortisol (4 pm): 1.0mg/L (normal values: 37.0-194

mg/L); prolactin: 113.35 ng/ml (normal values: 1.2-29.9 ng/ml).

No abnormalities were seen in sex hormones, thyroid hormone,

growth hormone, or insulin-like growth factor. Afterward, our

team conducted a multidisciplinary consultation with neurology,

neurosurgery, and endocrinology and recommended a follow-up

MRI after 1 month of supplemental hormone therapy. However,

one month later, the patient’s symptoms of headache and

dizziness worsened, and the brain MRI re-examination showed

that the pituitary gland was enlarged with a size of approximately

1.8*1.4*1.6 cm. On November 15, 2021 (Figure 2H), the patient

underwent sphenoid sinus exploration and nasal endoscopic

saddle area tumor excision in our neurosurgery department.

During the operation, the neurosurgery team found an

occupying lesion in the sellar area with high dural tension,

approximately 2*1.5 cm in size, pink in color, and tightly

adherent to the surrounding tissues. The postoperative

pathology showed that it was consistent with metastatic

adenocarcinoma with neuroendocrine marker expression in

some areas of pulmonary origin. Immunohistochemistry yielded
Frontiers in Oncology 04
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the following: PCK (+), TTF-1 (+), Napsin A (+), ACTH (–), GH

(–), PRL (–), FSH (–), LH (–), TSH (–), Ki67 (Li: 5%) (Figure 4).

The next-generation sequencing (whole-exome sequencing by

company of gloriousmed) conducted on the pituitary metastasis

suggested EML4 (6)-ALK (10) fusion with VAF of 2.63%.

Interestingly, the ALK gene then revealed a missense mutation

(mutation region: chr2: 29445213, 22 exon p. Ile1171Ser, VAF:

29.2%). Four non-clinically relevant somatic gene variants

(missense mutations) were also detected, namely INPP4A,

MAGI2, AMER1, MED12.The patient’s postoperative headache

and dizziness were significantly relieved compared to before. The

patient’s hormone levels were reviewed on November 29, 2021,

and most of the abnormal hormone levels returned to normal. On

December 01, 2021, the pituitary gland MRI was reviewed and

showed that the pituitary tumor was significantly smaller than

before. Based on the patient’s gene sequencing results, we

recommended that the patient replace crizotinib with ceritinib.

On February 7, 2022, the patient’s lung CT showed that the lesion

in the lower lobe of the right lung had shrunk further with a size

of 1.8*1.4 cm, and the brain MRI re-examination showed no

abnormalities (Figures 2D, I). The patient was reexamined every

two months by brain MRI and lung CT. The latest reexamination

was on August 7, 2022, and no progression was observed

(Figures 2E, J).
Discussion

The incidence of pituitary metastases accounts for 1% of the

total incidence of pituitary lesions (7), making clinical

differentiation of pituitary tumors from pituitary metastases

very challenging. Patients with pituitary metastases from lung

cancer are often asymptomatic at the initial stage, and many

patients are found to have pituitary occupancy at the time of

MRI examination (8). Several studies have confirmed that visual

impairment, hypopituitarism, and high prolactin levels are the
FIGURE 4

Histopathological findings of pituitary metastases. IHC yielded the following: PCK (+), TTF-1 (+), NapsinA (+), EMA (+), Syn (partial +), CgA
(focal +), GFAP (–), S1001 (-), CD68 (-), CD34 (-), ACTH (-), GH (-), PRL (-), FSH (-), LH (-), TSH (-), Ki67 (Li:5%).
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most common clinical manifestations of pituitary metastases

(5, 11). Some studies have shown no significant difference in the

overall survival of patients between surgical and nonsurgical

treatment of pituitary metastases from lung cancer (12). Aida

Javanbakht et al. surveyed 289 patients with pituitary metastases

at Dewart Medical Center from 1984-2018 and found that 178

(61.6%) patients opted for surgery for treatment (4). The main

surgical option currently available is transsphenoidal surgery,

but surrounding tissue adhesions and abundant blood supply

often make surgery difficult, and the performance of pituitary

metastasectomy requires multidisciplinary cooperation and an

experienced neurosurgical team (13). Patients undergoing

surgery can suffer from secondary hypopituitarism, which

requires lifelong hormone replacement therapy (14). In this

case, the patient had a remarkable clinical presentation and

underwent surgery after multidisciplinary collaboration between

the medical oncology team and the neurosurgery team.

The ALK gene has been identified in a variety of solid tumors

and is a potent oncogenic driver gene (15). ALK protein is located

on the cell membrane with an extracellular receptor region and an

intracellular kinase region. Under normal conditions, two ALK

proteins are coupled by extracellular ligands to activate signaling

pathways and promote cell growth (16). There are three types of

mutations in the ALK gene: 1. ALK fusion mutations are the most

common, especially EML4-ALK fusion mutations, and the protein

can be activated without ligand; 2. Point mutations are less

common and occur mainly in the intracellular kinase region;

and after the mutation, they continue downstream conveyance of

cell growth signals; 3. Amplification mutations are even less

common (17). ALK fusion gene mutation frequency accounts

for 2-5% of all non-small cell lung cancers worldwide (16, 17).

Patients with ALK fusion mutation non-small cell lung cancer can

benefit from crizotinib with an objective response rate of 60% and

progression-free survival of 8-10 months, but drug resistance

occurs within 1-2 years, with central nervous system relapse

being the most common reversal (18, 19). However, alectinib

has been shown to have longer PFS than crizotinib in multiple

phase III clinical trials, and alectinib is now widely used as a first-

line therapy, especially in cases of brain metastasis (20). Since the

patient had stable lesions elsewhere, our team decided to perform

pituitary occupancy resection to clarify the nature of the lesions

and to perform next-generation sequencing if the pathology

suggested metastatic adenocarcinoma. Thirty-seven percent of

crizotinib resistance cases occur due to ALK secondary

resistance mutations, which can be classified as ALK kinase

region mutations (28%) and ALK fusion gene copy number

amplification (9%) (9). In addition, mechanisms associated with

crizotinib resistance also include driver gene conversion as well as

tumor heterogeneity (10). This patient showed ALK missense

mutations after the development of pituitary metastases, and

pituitary tissue genetic sequencing suggested the presence of

ALK-I1171S. I1171S refers to the conversion of the second

nucleotide (3512 nucleotides of full-length ALK) encoding
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isoleucine ATC to AGC (serine [S]). Similarly, I1171 includes

I1171N (isoleucine ATC converts to AAC (asparagine [N])) and

I1171T (isoleucine ATC converts to ACC threonine [T]), etc.

Currently, it is unclear why this mutation lead to resistance to

crizotinib. Further basic and clinical analyses are required to

investigate the biology and clinical significance of the I1171

mutation. However, the I1171 mutation was more frequently

reported in secondary resistance mutations after alectinib failure

than with crizotinib (21–23). In 2014, Ou SH et al. reported that

two NSCLC patients with the EML4-ALK variant initially

responded to crizotinib and then alectinib but developed

acquired resistance with the presence of a mutation in amino

acid residue 1171 (I1171N and I1171S, respectively) located in the

hydrophobic regulatory spine of ALK kinase (24). I1171mutations

are believed to decrease the stability of the inhibitor through

autophosphorylation (25). Gainor et al. found that ceritinib was

effective when patients developed the secondary ALK-1171S

mutation (26). Importantly, many researchers found that ALK-

I1171 mutations mediate resistance to alectinib while generating

sensitivity to ceritinib. ALK-I1171 mutations were found to be the

second-most common resistance mutations in post-alectinib

therapy (12%). Based on the above evidence, we recommended

that our patient switch to ceritinib instead of alectinib, and to date,

progression-free survival has been 8 months (22, 26).
Conclusion

Pituitary metastasis from lung cancer is very rare, and surgical

treatment could be a positive option. Although crizotinib was

chosen for financial reasons in this patient, alectinib has been

shown to have longer PFS than crizotinib in multiple phase III

clinical trials, and alectinib is now widely used as first-line therapy,

especially in brain metastasis. This patient developed pituitary

metastasis after crizotinib resistance, and next-generation

sequencing suggested the presence of the ALK I1171S mutation.

The ALK I1171S mutation has been shown to result in secondary

resistance to crizotinib, and ceritinib has proved effective when

patients develop the secondary ALK 1171S mutation.
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Gestational trophoblastic neoplasias (GTN) aremalignant neoplasms that occur

in pregnant or recently pregnant women. Choriocarcinoma (CCA) is a highly

aggressive and rare GTN, and cases outside the female genital tract are

commonly seen as secondary manifestations of gynecologic disease. In this

paper, we describe the case of a 40 years-old female patient with a primary

pulmonary CCA who was surgically treated and for whom the confirmation of

the primary origin of the tumor was possible using a DNA short tandem repeat

genotyping. Distinction between gestational and non-gestational trophoblastic

neoplasia is crucial as they require different therapeutic approach and have

different prognoses.

KEYWORDS

choriocarcinoma, lung neoplasms, primary tumor, non-gestational trophoblastic
disease, human chorionic gonadotropin
Introduction

Gestational trophoblastic neoplasias (GTN) are malignant neoplasms that occur in

pregnant or recently pregnant women. Gestational choriocarcinoma (CCA) is a highly

aggressive, malignant GTN consisting of cytotrophoblastic and syncytiotrophoblastic

cells, distinct from other forms of malignancy for containing genetic material from the

male partner. CCA can arise from any type of normal or abnormal pregnancy, and

although its diagnosis generally occurs within months of pregnancy, it can be

exceptionally present during gestation (1). The tumor typically secretes beta-human

chorionic gonadotropin (b-hCG) (2).
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CCA may have an exceedingly rare non-gestational origin in

women. Extra-gonadal non-gestational CCA usually arises in

midline structures such as the mediastinum, retroperitoneum,

and central nervous system. Non-midline CCA is uncommon

and mainly affects the lungs, gastrointestinal tract, or breast (3).

Few Primary Pulmonary CCA (PPC) cases are reported in

the literature. They are generally metastatic and with poor

prognosis. Here we report the case of a localized PPC, initially

assumed as gestational CCA, where a DNA test confirmed the

tumor’s non-gestational origin and ultimately guided our

choices for the patient’s treatment.
Case report

A 40-years-old female patient presented in our clinic in May

2021 for evaluation. She reported active smoking (20 packs-year)

and had a history of secondary hypothyroidism. She had one

uneventful vaginal delivery at age 31 and, since then, has been

under continuous oral contraceptive.

In November 2020, she had a pregnancy diagnosis after a

period of persistent nausea. One week later, she presented in the

emergency room with spontaneous vaginal bleeding associated

with pelvic pain. Physical examination was unremarkable. The

analytic panel showed a b-hCG of 175U/mL (ref. value: <7.0U/

mL), but pelvic ultrasonography (US) wasn’t compatible with

pregnancy, suggestive of spontaneous abortion. In early

December 2020, due to continuing complaints of pelvic pain

and bleeding, she resorted to the ER again. Pelvic US suggested a

right ectopic pregnancy and b-hCG was 200U/mL. A

multidisciplinary decision was made for two courses of single-

dose methotrexate (MTX) to be administered one month apart,

with an initial reduction of b-hCG (nadir: 140U/mL) but

subsequent elevation.

Due to failure of MTX therapy, surgical treatment was

carried out with laparoscopy, bilateral salpingectomy, dilation

and curettage procedures that showed no ectopic pregnancy,

pelvic tumor, or pregnancy in the uterus. Her endometrium was

in the proliferative phase, and biopsies from both salpinges

showed no evidence of malignancy or scarring.

A whole-body 18F-FDG PET/CT scan showed a single

hypermetabolic lesion (SUVmax 10.8) in the right upper lung

lobe, measuring 24x32mm. A transthoracic needle biopsy of the

lung lesion was consistent with CCA. No other lesions were

identified after performing MRI of the brain, abdomen and

pelvis, and thoracic CT scan.

According to the WHO/FIGO criteria (4) we assumed a low-

risk GTN (4) with a single lung metastatic lesion with 3.2cm,

who had not been treated with an appropriate MTX scheme. She

started first-line chemotherapy (CTX) with MTX according to

the 8-day Charing Cross regimen (5, 6), with persistent increase

in b-hCG levels (maximum 1633U/mL). A CT scan performed
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after the second cycle of CTX revealed stability of the

pulmonary lesion.

Considering the persistent elevation of the b-hCG despite

the CTX, the absence of other foci of disease except for the lung

and the fact that ectopic pregnancy has not been confirmed, a

decision was made to treat the pulmonary lesion surgically.

In June 2021, or 8 months after the first symptoms, the

patient had a thoracoscopic right upper lobectomy with

systematic mediastinal lymphadenectomy. The postoperative

course was uneventful, with the return of b-hCG titers to

normal levels within three weeks. Histologic findings were

consistent with CCA; immunochemistry showed positivity for

b-hCG, Inhibin A, GATA3, SALL4, and negativity for TTF-1.

Pathologic staging was pT2a pN0 R0 (stage IB, AJCC 8th

ed) (Figure 1).

As a) there was no further evidence of more metastatic sites

on the PET scan, b) the laparoscopy failed to reveal the initially

supposed ectopic pregnancy in the absence of a molar

pregnancy, and c) with the normalization of hCG hormone

level after surgery according to the expected half-life of 24-36

hours, we considered the diagnosis of a non-metastatic PPC.

Being so rare, to confirm a non-metastatic PPC, we decided

to analyze the genetic material of the tumor. A previously

published case series used DNA’s short tandem repeats (STR)

to investigate the non-gestational origin of CCA (7). For short

tandem repeat genotyping a formalin-fixed paraffin-embedded

block containing tumor was selected, and patient and partner

peripheral blood samples. By comparing STR from the tumor

and peripheral blood samples from the patient and her husband,

we observed a tumor DNA profile consisting exclusively of the

patient’s genetic pool, with no other donor contribution

(Figure 2). Based on these findings, PPC was the final diagnosis.

No adjuvant treatment was offered, and after thirteen

months (Figure 3), the patient is alive and asymptomatic, with

normal b-hCG levels and no evidence of disease.
Discussion

PPC is a very rare condition with a challenging diagnosis and

management. The optimal therapy for PPC, especially in the

early stages, is yet to be defined. The addition of chemotherapy

after surgery has been suggested to improve survival, based on

the aggressive nature of this rare cancer, and supported by a

small series of patients (8). Nevertheless, in contrast to

gestational CCA, PPCs are generally considered resistant to

chemotherapy and carry a much poorer prognosis.

Differentiation between gestational choriocarcinoma and

non-gestational choriocarcinoma can be very difficult since the

clinical presentation and histology of these two diseases are

identical. This differentiation is essential in order to establish the

best therapeutic strategy.
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FIGURE 1

(A) The microscopic evaluation shows an extensively necrotic and hemorrhagic tumor with a distinctive biphasic appearance consisting of
cytotrophoblasts, clear to light pink cytoplasm, distinct cell borders, irregular nuclei, and prominent nucleoli. Immunostaining of GATA-3 and SALL4,
in close association with and capped by multinucleated syncytiotrophoblasts with abundant deeply eosinophilic cytoplasm, one or more nuclei, dark
smudgy chromatin, and immunostaining of inhibin A and b-hCG (not shown). The neoplasm shows no immunostaining of TTF-1 (not shown).
FIGURE 2

Comparative analysis of polymorphic markers (AmpFLSTR™ Identifiler™ Plus PCR Amplification Kit) in the tumor sample, patient (blood
sample1) and partner (blood sample 2) blood samples. The profile of tumor´s and patient´s DNA are coincident, with no contribution from the
partner`s DNA (in the case of informative markers) (image courtesy of Margarida Reis-Lima, MD, Elsa Garcia, MSc, Natália Salgueiro, MSc from
Synlab laboratories, Porto, Portugal).
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In the case presented, with the initial suspicion of a recent

abortion and subsequently of an ectopic pregnancy (refuted by

laparoscopic examination), we considered the hypothesis of a

metastatic lung lesion from gestational CCA as a more probable

diagnosis. In addition, we know that this disease has very good

prognosis and a high cure rate with chemotherapy. In order to

define treatment, we applied the FIGO staging and the WHO

risk score (4), resulting in a low-risk GTN (FIGO III: score <7).

Assuming that the previous MTX scheme for ectopic pregnancy

was not the standard regimen to treat this disease, we offered the

8-day Charing Cross MTX regimen (5, 6). The patient did not

respond to CTX, with rising b-hCG levels, but fortunately

maintaining radiological stable disease. In the face of

resistance to CTX and the possibility of being a PPC case and

not a metastatic CCA, we recommended the surgical treatment

with radical intent. Histologic findings were consistent with

CCA, and once again we were faced with doubt, whether it

was really a PPC or metastatic gestational CCA.

The critical step for subsequent clinical decisions, such as

adjuvant treatment, was determining the relation of the tumor

with a gestational event or its primary origin. Molecular analysis

of tumor tissue to identify unique paternal genetic contribution

from a prior gestational event provides a definitive diagnostic

distinction between tumors of gestational and non-gestational

origin. Short tandem repeats (STR) genotyping is currently the
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most applicable method of identity testing, including diagnosis

of gestational trophoblastic disease (9).

As reported above the tumor’s DNA fully matched to the

patient’s, with no contribution from her partner’s DNA. This

established the diagnosis of PPC. There are no clear prognostic

features nor guidelines to assist in clinical decisions of PPC

treatment. PPC tends to grow rapidly and has high propensity to

metastasize to other organs such as bone, liver, brain, spleen and

contralateral lung (10). Most reported cases refer to treatment of

early stages with surgery followed by adjuvant chemotherapy

with BEP (bleomycin, methotrexate and cisplatin) or EMA-CO

(etoposide, methotrexate, actinomycin D, cyclophospamide

and vincristine).

In contrast to previously published cases, the clinical course

of this patient’s tumor was indolent, with stable disease for about

8 months until surgery was performed. We discussed with the

patient the possibility of adjuvant CTX but ended up adopting a

follow-up strategy instead.

Looking at the patient’s trajectory, the gynecological

symptoms presented by the patient contributed to the delay in

the diagnosis of PPC. When in doubt, we emphasize the

possibility of performing STR genotyping to establish

the diagnosis.

Given the current availability of STR DNA analysis and the

possible benefits for patients with cases like the one presented here,
FIGURE 3

Timeline with relevant data from the episode of care. US – Ultrasound; MTX – methotrexate; GTN - Gestational trophoblastic neoplasia;
CCA - choriocarcinoma.
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we suggest that an STR DNA analysis from the tumor, the patient

and partner should be used to support the diagnosis of PPC (1, 11).
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Background: Lung adenosquamous carcinoma is a relatively rare pathological

type in lung cancer. The incidence of gene mutation is lower than that of lung

adenocarcinoma. However, the cases of pathological transformation after

targeted treatment of EGFR gene mutation are more rare.

Case introduction: A 55 year old female was diagnosed with lung cancer and

underwent surgical treatment.The pathology suggested adenosquamous cell

carcinoma. Genetic test was EGFR-L858R. After surgery, she was treated with

gefitinib targeted therapy. After 2 years of surgery, she developed brain

metastasis. surgery was performed again. The pathology suggested

squamous cell carcinoma. She continued to take gefitinib targeted therapy

orally. After onemonth later since brainmetastasis, she was found to have heart

cavity metastasis and surgery was performed for the third time. Besides, the

pathology suggested adenosquamous cell carcinoma. Genetic test was EGFR-

p E746_ A750del, T790M (-), and we replaced with the second-generation

EGFR-TKI afatinib targeted therapy. Up to now, no recurrence ormetastasis has

been found.

Conclusion: We now report a rare case of lung adenosquamous carcinoma

with pathological transformation during targeted therapy, which is intended to

provide therapeutic ideas for the treatment of lung adenosquamous carcinoma

in clinical practice. In addition, we reviewed previously reported tumor

heterogeneity in the literature.
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Introduction

Lung cancer is one of the most common malignant tumors,

has distinct pathologic subtypes with diverse biological

characteristics. Adenosquamous carcinoma is a rare subtype,

and its malignancy and prognosis are higher and worse than

those of adenocarcinoma or squamous cell carcinoma. As an

important factor affecting prognosis, metastasis plays an

important role in tumor staging and treatment strategies. In

terms of treatment, surgery, chemotherapy and radiotherapy are

still the main methods. Some patients with epidermal growth

factor receptor (EGFR) gene mutations can benefit from tyrosine

kinase inhibitor (TKI) treatment (1). This study collected the

pathological transformation of metastatic lesions in a case of

lung adenosquamous cell carcinoma after TKI treatment.
Case description

The patient, a 55 year old female, no previous disease

history, no bad habits of personal history. And no history of

tumor, infection or genetic disease in the family, visited our

hospital on July 17, 2021 with the chief complaint of “two and a

half years after lung cancer surgery and one month after brain

metastasis surgery”. On January 13, 2019, she went to Tangdu

Hospital of the Fourth Military Medical University with

“intermittent cough and expectoration for more than 20 days,

and lung cancer was diagnosed for 2 days”. Before admission,

she performed chest CT in the First Affiliated Hospital of Xi’an

Jiaotong University (Figure 1) showed left hilar space occupying

lesions, more central lung cancer, obstructive pneumonia and

left lower lobe atelectasis were considered. After admission,

blood routine test, liver and kidney function, electrolyte, blood

glucose, blood coagulation and infection were checked.

Bronchoscopic biopsy was that (lower lobe of left lung) the

submitted lung tissue was chronic inflammation with fibrous

tissue hyperplasia, and a few atypical cells were found locally.

The histological characteristics suggested that the possibility of

canceration in a few washbars could not be completely excluded.
Frontiers in Oncology 02
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PET/CT:1. Left lower lobe space occupying, left hilar enlarged

lymph nodes, increased glucose metabolism, consistent with “left

lung cancer”with left hilar lymph node metastasis; 2. No obvious

abnormal metabolic signs are found in other parts. The clinical

stage was cT2bN1M0, phase IIB. There was no surgical

contraindication. On January 21, 2019, under general

anesthesia, thoracoscopic radical resection of lung cancer (left

lower lobe resection+regional lymph node dissection) was

performed successfully. Postoperative pathology (Figure 2):

specimens of left lower lobe resection: (left) central

adenosquamous carcinoma of the lung (lower) lobe, mainly

squamous cell carcinoma, with no invasion of the pleura; No

cancer tissue was found in the bronchial stump; Metastatic

cancer was found in hilar lymph nodes, and no cancer tissue

was found in para bronchial lymph nodes and lymph nodes in

groups 5, 7 and 9/11; In addition, 6 groups of lymph nodes were

sent as fibrous adipose tissue, and no cancer tissue was found.

Gene detection showed EGFR-L858R and TP53 mutations. After

surgery, gefitinib(250mg Qd) was taken orally for targeted

treatment, and the condition was stable without discomfort.

On June 8, 2021, the patient presented with intermittent

headache, nausea, vomiting, and hallucination. She was admitted

to the 215 Hospital of Shaanxi Nuclear Industry. Physical

examination: lethargy, lack of cooperation, no abnormality was

found in the heart, lungs, and abdomen. The muscle strength of

the left lower limb was Grade 4, and that of the other limbs was

Grade 5. Muscle tension was normal. The superficial and deep

reflexes were normal, and the pathological signs were negative.

The ranges of blood routine test, liver and kidney function,

electrolyte, blood sugar, blood coagulation and infection were

normal. Head MRI: The right temporal lobe had a cystic solid

space occupying lesion. The lesion was mainly cystic,

surrounded by large areas of edema, involving the right basal

ganglia, thalamus and brain stem, and brain hernia. It was

recommended that MR enhancement be further examined.

Enhanced head MRI (Figure 3): cystic space occupying lesion

in the right temporal lobe, with significantly enhanced uneven

rosette wall, surrounding moderate brain edema area, the

midline was compressed and moved to the left about 1.1cm.
FIGURE 1

Chest CT.
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Considering malignant tumor, the possibility of brain metastasis

was high. Chest and abdomen CT: 1. Changes after left lower

lobe resection, left upper lobe and right middle and lower lobe

cord foci; 2. Pleural hypertrophy on both sides with a small

amount of pleural effusion; 3. Low density focus of liver,

considering hemangioma. Dehydration and lowering

intracranial pressure were given. Subsequently, the family

members agreed to the surgical treatment. On June 13, 2021,

supratentorial craniotomy was performed to remove the right

frontal lobe space occupying lesion. The surgical procedure was

Successful. Postoperative pathology (Figure 4): (right temporal

part) poorly metastatic carcinoma with massive hemorrhage and
Frontiers in Oncology 03
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necrosis, which combined with immunophenotype conforms to

poorly differentiated squamous cell carcinoma. After the

operation, gefitinib (250mg Qd)was taken orally for targeted

treatment without complaints of discomfort.

On July 17, 2021, she came our department for continuing

treatment with occasional headache, acupuncture-like, which

can relief itself. Physical examination: The general condition was

good, no abnormality in the heart, lungs and abdomen, and no

swelling of both lower extremities. And echocardiography

(outside hospital on 2021-7-15): hypoechoic left atrial cavity,

consider: space-occupying lesion. After admission, the blood

routine, urine routine, liver and kidney function, tumor markers
FIGURE 3

Head MRI.
FIGURE 2

Postoperative pathology (Lung).
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were within the normal range, and the electrocardiogram was

generally normal. Cranial MRI,Chest and whole abdominal CT:

no recurrence and metastasis were found, and repeated

echocardiography: medium echogenic mass in the left atrium
Frontiers in Oncology 04
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(about 1.8cm×2.9cm in size), see Figure 5. The patient developed

chest tightness and palpitation, and the electrocardiogram

showed atrial fibrillation. After symptomatic treatment, sinus

rhythm was restored. On 2021-07-23, left atrial tumor resection
FIGURE 5

Echocardiography.
FIGURE 4

Postoperative pathology (head).
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was performed under general anesthesia and low-temperature

cardiopulmonary bypass. Postoperative pathology (Figure 6)

suggests (left atrium) malignancy, tending to poorly

differentiated adenosquamous carcinomamalignant tumors,.

Gene detection: EGFR-p.E746_A750del, T790M(-).Therapy

was replaced with afatinib(40mg Qd). Since the operation, the

general state is good, and no recurrence (Figure 7).
Discuss

According to the current epidemiological survey, the

incidence and mortality of lung cancer are now at the forefront

(2). Lung adenosquamous carcinoma (ASC) is a rare subtype of

non-small cell lung cancer, accounting for only 0.4% to 4% of lung

cancer patients (3, 4), but research on changes in the spectrum of

rare lung tumors suggests: The proportion of adenosquamous

carcinoma increased slowly, from 0.84% in 2004 to 1.25% in 2015,

and surpassed large cell carcinoma after 2011, becoming the most

common tumor among rare lung cancers (5). Its composition

includes lung adenocarcinoma (LUAD) and lung squamous cell

carcinoma (LUSC) components, and in terms of morphological

characteristics, it has the characteristics of classic LUAD and

LUSC, but the behavior is more aggressive. The diagnostic criteria

is that any component of squamous cell carcinoma and

adenocarcinoma accounts for at least 10% of all tumors.

Therefore, it is easy to miss diagnosis due to the limitations of

biopsy specimens in clinical work.

The different pathology of metastatic lesions and primary

lesions in cases reflects a major feature of tumors—heterogeneity.
Frontiers in Oncology 05
72
Tumor heterogeneity exists between patients, within tumors, and

between tumors, and between-tumor heterogeneity is considered

to be the diversity between the primary tumor and its metastases

(6–8), which is common in patients with malignant tumors.

Moreover,it plays a key role in diagnosis and treatment.

In lung cancer, its heterogeneity is related to different genetic,

epigenetic, and non-genetic mechanisms (9, 10). Lung cancer

development represents the initiation of a multistep process

involving genetic alterations, the most important feature of

which is extensive genomic aberrations, including abnormalities,

gain and loss of large chromosomal regions, gene rearrangements,

copy number gain, amplification (11), and the essence of these

molecular-level abnormalities reflects genomic instability.

Regardless of risk factors such as tumor stage, age, and gender,

genomic instability is often associated with poor prognosis (12,

13), and even genomic diversity contributes to the adaptation of

cancer cell populations in the tumor microenvironment, leading

to tumor progression and poor prognosis.

Mutant allele-specific imbalance (MASI) is another genetic

mechanism that promotes heterogeneity and affects tumor

initiation, progression, metastasis, prognosis, and potential

therapeutic response. MASI is common in some major

oncogenes, such as EGFR, KRAS, PIK3CA, and BRAF (14), and

epigenetic modifications induce variability in gene expression,

determining a significant diversity according to previous studies.

Furthermore, variable pressures in the lung tumor environment

can generate inter-and intra-tumor heterogeneity, which affects

sensitivity to targeted therapy and immunotherapy response (15).

Given the heterogeneity of lung cancer, the genomic

background of ASC has been still poorly understood. They found
FIGURE 6

Postoperative pathology (Heart)HE × 100.
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that there were not only TP53 mutations, but also EGFR, met and

BRAFmutations in adenosquamous cell carcinoma in the project by

Arthur Krause et al, who applied whole genome exon sequencing

technology to interpret the clonal relationship between

adenocarcinoma and squamous cell carcinoma in ASC (16).

According to statistics, EGFR mutations were at least as common

in ASC as in classical LUAD, with mutation rates of 15% ~ 50%,

while only about 2% mutations were reported in LUSC (17–19).

With the advent of new drugs, targeted therapy has become a

hotspot in the research and treatment of lung cancer. The most

representative is targeted therapy for EGFR mutations in lung

denocarcinoma, studies such as LUX-LUNG 7, ARCHER 1050,

FLAURA and EVOLUTION (20–25) have confirmed significant

benefits for those with EGFRmutations, whether in the first-line,

second-line or postoperative adjuvant therapy; Iwanaga et al (26,

27) report that ASC patients after surgery with EGFR sensitive

mutation receive gefitinib as a second-line treatment,and achieve

a 3-year progression free survival. A study published in the

journal ANNALS OF ONCOLOGY further confirmed that

EGFR-TKI is effective in treating ASC patients with EGFR

mutation positive (1).For oligometastatic lesions during the

period of first-line EGFR-TKI treatment, EGFR-TKI treatment

can be continued and combined with local treatment. For

patients of lung cancer with cardiac metastasis, through

literature searching, local treatment, such as surgical resection

or radiotherapy, has also got good outcome (28–31).

When lung cancer was found in this patient, surgery was

performed. Pathology suggested adenosquamous cell carcinoma.

After surgery, gefitinib targeted therapy was performed. Brain

metastasis occurred after 2 years, and surgery was performed

again. Pathology suggested squamous cell carcinoma. The

number of materials was sufficient and the accuracy was high.

ASC was basically ruled out. After TKI targeted drug treatment, the

patient induced ASC to transform into squamous cell carcinoma. It

was speculated that TKI had therapeutic advantages on

adenocarcinoma components, which directly leaded to the

withering of adenocarcinoma component cells, while squamous

cell carcinoma cells gain a quantitative advantage. Cardiac cavity

metastasis was found after 1 month of brain metastasis.
Frontiers in Oncology 06
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Postoperative pathology showed adenosquamous cell carcinoma,

suggesting the existence of drug resistance and heterogeneity

between metastatic lesions. It was replaced with second-

generation EGFR-TKI afatinib targeted therapy.
Conclusion

ASC can have pathological transformation during the

treatment process, which should be fully considered when

making treatment plans; ASC patients with EGFR sensitive

mutations can benefit from TKI treatment. Routine EGFR

gene testing is recommended for ASC patients; When disease

progression occurs in the established treatment plan, the

existence of secondary biopsy and gene testing is necessary.

We has followed the paitient all the time since she accepted the

heart surgery and want to provide treatment ideas for ASC

patients by this case. The only inadequacy is that the early

treatment of patients is not carried out in our hospital, and some

data in particular of figures are not provided clearly.
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FIGURE 7

Chest CT contrast (From left to right:2019.1-2021.6-2022.4).
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EGFR mutations and high PD-L1
expression of lung squamous
cell carcinoma patients
achieving pCR following
neoadjuvant immuno-
chemotherapy: Case report
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Department, 3D Medicines Inc., Shanghai, China
The treatment of lung cancer has fully entered the era of immunotherapy,

which has significantly elevated the survival rate of patients with advanced non-

small cell lung cancer (NSCLC), thus shedding light on resectable NSCLC.

Previous clinical trial data suggested that neoadjuvant immuno-chemotherapy

obtained a significant objective response rate (ORR) and disease control rate

(DCR). Here, a case that achieved an excellent outcome following neoadjuvant

immuno-chemotherapy was reported. The patient admitted to our hospital

was 58 years old, female, with a rare case of stage IB lung squamous cell

carcinoma (LUSC) harboring both epidermal growth factor receptor (EGFR)

p.L858R mutations and high expression of programmed death ligand-1 (PD-L1)

(tumor proportion score (TPS)=80%). Her tumor substantially shrunk following

two cycles of neoadjuvant immuno-chemotherapy. The patient successively

received single-port right upper thoracoscopic lobectomy +mediastinal lymph

node dissection, which attained pathologic complete response (pCR).

Additionally, the patient had grade 2 myelosuppression during the two

cycles, which was treated with polyethylene glycol recombinant human

granulocyte colony-stimulating factor (rhG-CSF). The patient was discharged

uneventfully without any procedure-related complications. Two courses of

adjuvant immuno-chemotherapy were administered postoperatively, leaving

the patient in good physical condition at the 5-month follow-up visit. This case

provided evidence for the feasibility and effectiveness of neoadjuvant immuno-

chemotherapy in treating early-stage LUSC with EGFR mutations and high

expression of PD-L1. However, randomized and multi-center controlled trials

are required to validate the findings.

KEYWORDS

neoadjuvant immunotherapy, lung squamous cell carcinoma, epidermal growth
factor receptor (EGFR), mutations, pembrolizumab, programmed death ligand-1
(PD-L1)
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Introduction

As the molecular biology of lung cancer advances,

immunotherapy and targeted therapy have become standard

treatment protocols for advanced lung cancer in clinical

practices with their application in early-stage lung cancer

explored as well. Several clinical trials have proved the safety

and efficacy of programmed death-1 (PD-1)/programmed death

ligand-1 (PD-L1) inhibitors of neoadjuvant therapy in resectable

non-small cell lung cancer (NSCLC) (1). The Checkmate 816

trial (2) was the first phase III randomized clinical trial to

substantiate that neoadjuvant immuno-chemotherapy can

significantly raise the percentage of pathologic complete

response (pCR) in patients with resectable NSCLC, which was

also the first and only preoperative neoadjuvant therapy protocol

for lung cancer approved by the Food and Drug Administration

(FDA). Moreover, identical to NEOSTAR (3) and NADIM (4)

studies, patients with epidermal growth factor receptor (EGFR)

+/anaplastic lymphoma kinase (ALK)+ were excluded and

protein expression of PD-LI in baseline tumors was assessed in

the Checkmate 816 trial, which revealed the association between

up-regulated expression of PD-L1 and patient’s response to

neoadjuvant immunotherapy. The targeted therapy exhibited

prominent efficacy in treating NSCLC with EGFR mutations,

especially the third generation of EGFR-tyrosine kinase

inhibitors (EGFR-TKIs), which played essential roles in first/

later line treatment and postoperative adjuvant therapy.

However, only a few studies concerning neoadjuvant targeted

therapy in lung cancer are available. NeoADAURA (5) and

CTONG1103 (6) trials confirmed the efficacy and safety of

neoadjuvant targeted therapy in patients with EGFR

mutations, presenting superior clinical outcomes than

neoadjuvant chemotherapy, while the effectiveness and safety

of EGFR-TKIs of the neoadjuvant therapy for NSCLC remain

undetermined. Hence, the optimal neoadjuvant therapy protocol
Frontiers in Oncology 02
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is still undefined for NSCLC patients harboring both EGFR-

sensitive mutations and PD-L1 positive. Here, we reported a case

of stage IB LUSC with EGFR mutation, PD-L1 TPS=80%, and

poor preoperative immune microenvironment who achieved

pCR following neoadjuvant immuno-chemotherapy.
Case description

The 58-year-old patient was female and visited our hospital

for one-month hemoptysis with no history of chronic diseases,

smoking, and alcohol use (Figure 1). The X-ray and enhanced

computed tomography (CT) demonstrated a mass in the upper

lobe of the right lung (about 3.7 cm × 3.4 cm × 3.5 cm) with

lobulated border and burrs, partially-occluded bronchial

branches, and there were no obvious enlargement of

mediastinal and bilateral hilar lymph nodes, and partial

calcification. Central lung cancer was considered (Figures 2A–

D). Carcinoembryonic antigen (CEA) was 86.98 ng/ml and the

cytokeratin 19 fragment (CY21-1) was 4.06 ng/ml. Fiberoptic

bronchoscopy indicated neoplasms in the posterior segment of

the right upper lung, endoscopic biopsy suggested NSCLC

(Figures 2G, H), and immunohistochemistry showed P40(+)

and TTF-1 (–), suggestive of squamous cell carcinoma

(Figures 3A, B). A few dyskaryotic cells were detected in

bronchoalveolar lavage fluid (BALF). No significant metastasis

was identified via upper abdominal enhanced CT scan, contrast-

enhanced magnetic resonance imaging (MRI) of the head, and

whole-body bone emission CT (ECT) scan. Taken together, the

patient was classified as cT2aN0M0, stage IB. The patient’s

tumor was closely related to the right upper pulmonary artery

branch (Figure 2C), and the possibility of angioplasty during

direct surgery was high, increasing the risk of surgery. There is

also the possibility of conversion to thoracotomy, which would

be more traumatic for the patient. Considering that the patient
FIGURE 1

Treatment timeline of the patient.
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was a squamous carcinoma with a low possibility of having

driver mutations, the multidisciplinary consultation

recommended that neoadjuvant immune combination

chemotherapy treatment should be performed first followed by

surgery while waiting for NGS test and immunohistochemistry

results. After signing the informed consent, the patient received

anti-PD-1 therapy plus platinum-based neoadjuvant therapy

(intravenous injection of 200 mg Pembrolizumab, 30 mg/m2
Frontiers in Oncology 03
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lobaplatin + 260 mg/m2 nab-paclitaxel, D1, q3w). The patient

developed grade 2 myelosuppression during therapy, which was

treated with an injection of polyethylene glycol recombinant

human granulocyte colony-stimulating factor (rhG-CSF) with

no grade 3-5 adverse events (AEs) observed. In the meantime,

next-generation sequencing (NGS) and immunohistochemical

(IHC) detected EGFR p.L858R mutations (abundance 72.2%),

PD-L1 expression (TPS=80%, CPS(Combined Positive Score)
FIGURE 3

Examinations of pathology and mIHC. (A, B). Histology of biopsies samples (CT guided biopsy);(C, D) histology of surgical tissue sample; (E, F)
mIHC staining of tumor microenvironment of puncture tissue; (G, H) mIHC staining of tumor microenvironment after operation.
FIGURE 2

Imaging examination. (A–D) Preoperative CT scan; (E) Preoperative DR image; (F) DR image after one cycle of neoadjuvant therapy;
(G, H) Preoperative fiberoptic bronchoscopy image; (I–L) CT image after 2 cycles of neoadjuvant therapy.
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=80), and tumor mutational burden (TMB, 5.03Mut/Mb),

accompanied by EGFR copy-number amplification as well as

multiple gene mutations, such as NKX2-1 and TP53.

Considering the occurrence of EGFR mutation, the followed

therapy was dilemma, which dependent on the outcome of the

first treatment session as informed before. After one course of

neoadjuvant immunochemotherpy, CEA and CY21-1 were

23.17 ng/ml and 2.43 ng/ml, respectively, significantly lower

than the pre-treatment levels. In the meantime, chest digital

radiography (DR) showed a reduction of the right upper lung

occupancy (Figures 2E, F), implying partial radiographical

response. So, the second cycle immunochemotherapy was

perfomed as plan. Three weeks later, subsequent to the

application of the second course of neoadjuvant therapy, a

chest X-ray and enhanced CT scan were performed, indicating

a marked reduction of the lesion in the right upper lung(about

1.9 cm × 1.4 cm) with partially bronchial stricture. At this point,

CEA and CY21-1 were 3.06 ng/ml and 1.81 ng/ml respectively.

Besides, positron emission tomography-computed tomography

(PET-CT) illustrated an irregular patchy hyperdense shadow

(2.76 cm × 2.18 cm × 1.59 cm) near the hilum of the right

lung upper lobe and a mild increase in radioactivity uptake

(maximum SUV = 2.57, mean SUV = 2.37), indicating that the

tumor activity was remarkably suppressed (Figures 2I-L). Partial

response (PR) was assessed according to the Response

Evaluation Criteria in Solid Tumors (RECIST) version 1.1. In

the fifth week after the neoadjuvant therapy, the single-port right

upper thoracoscopic lobectomy + mediastinal lymph node

dissection was successfully performed, during which the blood

loss was approximately 50 ml. Postoperative pathology

(Figures 3C, D)showed that the mass was 2.5 cm × 2 cm × 1.5

cm and that the fibrous tissue of the tumor bed exhibited

hyperplasia with degeneration. Lymphocytes infiltrated the

areas containing multinucleated giant cells and foam cells

without residual disease; the bronchial mucosa manifested

chronic inflammation without residualdisease. Efficacy

assessment of neoadjuvant therapy showed that pCR was

achieved. The lymph nodes of 2R (0/2), 3A (0/2), 4R (0/1),

group 7 (0/1), group 10 (0/1), group 11 (0/7), and group 12 (0/1)

were disease-free. The bronchial stump of the right upper lung

was also free of cancer cells. The patient recovered well and was

discharged without any operation-related complications. Biopsy

tissues and surgical samples were examined using multiplex

immunohistochemistry (mIHC) to reveal the alterations of the

tumor microenvironment (TME) after the application of

neoadjuvant therapy, especially the inflammatory and immune

cells. mIHC of biopsy tissues (Figures 3E, F) illustrated

intratumoral presence of CD8+ T cells (111/mm2), and high

infiltration of FoxP3 (244/mm2) and CD68 + CD163 + M2

macrophages (139/mm2). In the surgical samples (Figures 3G,

H), large amounts of CD8+ T cells (511/mm2) and tertiary

lymphoid structures were observed, while the number of CD68 +

CD163 + M2 macrophages (32/mm2) and FoxP3+ (60/mm2) were
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substantially decreased. No genetic mutation was detected in the

ctDNA of peripheral blood at the fourth postoperative week. The

patient started receiving two cycles of adjuvant immuno-

chemotherapy (intravenous injection of 200 mg Pembrolizumab,

30 mg/m2 lobaplatin + 260 mg/m2 nab-paclitaxel, D1, q3w) at the

fifth week after surgery. The patient was in good physical condition

at the 5-month follow-up visit and refused to accept the one-year

single-agent immunotherapy due to financial factors.
Discussion

Multiple clinical studies (7) proved that neoadjuvant

immune monotherapy or combined treatment played a crucial

part in the treatment of early-stage NSCLC. The major

pathologic response (MPR) rate of neoadjuvant immune

monotherapy was 17% - 45% and the pCR was unsatisfactory

(0%-16%), while the immuno-chemotherapy resulted in higher

MPR (36.9%-83%) and pCR (24%-63%) with manageable AEs

and no delay of the surgical schedule. Nevertheless, most of these

studies excluded patients with EGFR+/ALK+. For advanced

NSCLC patients with PD-L1 TPS >50%, immune checkpoint

inhibitors(ICIs) prolonged the overall survival(OS) of patients

with greater safety, as compared to the platinum-based doublet

chemotherapy (8). Under neoadjuvant therapy, patients with

high PD-L1 expression also tended to exhibit a higher response

rate to immunotherapy. In the Checkmate 816 trial (2),

neoadjuvant immuno-chemotherapy was confirmed to be

effective in treating stage IB lung cancer, in which the pCR

reached 40% and the event-free survival (EFS) risk was lowered

by 76% in patients with PD-L1>50%.

EGFR or ALK gene alterations occur in patients with LUSC,

especially non-smoking females, in which TKI treatments present

clinical benefits in disease control with a considerably shorter drug-

resistant duration in LUSC patients than in lung adenocarcinoma

(LUAD) patients (9). A previous study (10) reported that the first-

line pembrolizumab treatment was superior to conventional

chemotherapy for lung cancer patients with high PD-L1

expression, and the subgroup analysis showed that

pembrolizumab was more effective in treating LUSC than non-

LUSC. Besides, the subgroup analysis conducted in the Checkmate

816 trial demonstrated the efficacy of preoperative neoadjuvant

immono-chemotherapy in both LUAD and LUSC, while the

efficacy was more significant in LUAD (HR: 0.5 vs HR: 0.77); this

therapy also reduced the risk of recurrence or mortality by 23%

(HR = 0.77) among LUSC patients versus chemotherapy alone,

exhibiting therapeutic advantage (2). A cell experiment performed

by Zhang et al. (11) revealed that higher PD-L1 expression was

associated with lower sensitivity to EGFR-TKI of EGFR-mutant

NSCLC cell lines, which leads to epithelial-to-mesenchymal

transition (EMT) induced by the upregulation of Smad3

phosphorylation, potentially contributing to primary

drug resistance.
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Previous studies have reported that the efficacy of ICIs among

NSCLCpatientswithEGFRmutationswasminimal, andevenEGFR

alteration was considered to be related to the hyperprogression

induced by ICIs, especially-monotherapy. In a single-center

retrospective study (12), the objective response rate (ORR) yielded

by immunotherapyof drivermutation-positive lung cancerwas only

3.8%;while inanotherphase2clinical trial (NCT02879994), theORR

yielded by first-line pembrolizumab monotherapy was 0% among

seven advanced NSCLC patients with EGFR mutations and strong

PD-L1 expression (13). However, in the trials of IMPOWER 150,

KEYNOTE-789,andCheckMate-722(14–16), theadvancedNSCLC

patients with high PD-L1 expression and EGFR mutations

responded well to immunotherapy combined with chemotherapy

or anti-vascular endothelial growth factor (VEGF)agents.

Collectively, ICIs should not be completely excluded in the

treatment of EGFR-mutated NSCLC.

Several clinical trials also investigated the safety and efficacy

of ICIs plus EGFR-TKIs. Jänne et al. (17) revealed that in

advanced EGFR-mutated NSCLC patients administered with

first-line osimertinib plus durvalumab, ORR was 82% (48–98),

the median duration of response (DOR) was 7.1 months and

median progression-free survival (PFS) was 9.0 months.

However, the enrollment in this patient cohort was terminated

due to the potential risk of interstitial lung disease (ILD)-related

AEs. Considering the increased risk of treatment-related AEs as

well as limited efficacy and benefits, the treatment strategy of

ICIs plus EGFR-TKIs is possibly unacceptable.

A preclinical study (18) discovered that the activation of

the EGFR pathway up-regulated the expression of PD-1, PD-L1,

cytotoxic T lymphocyte antigen-4 (CTLA-4), and proinflammatory

cytokines, rendering the feature of immunosuppression. This

suggested that oncogenic EGFR signaling triggered immune

escape by remodeling the TME. In the present case, the patient’s

postoperative TME showed a significant increase of CD8 + T cells

and an evident decrease of FoxP3 and CD68+CD163+ M2

macrophages(Supplementary Figure), together with the

occurrence of tertiary lymphoid structure. T cells suppressed the

anti-tumor functions of immune effector cells and were involved in

tumor immune escape (19); M2 macrophages secreted anti-

inflammatory cytokines and modulated wound healing to exert

the immunosuppressive effects (20), and the tertiary lymphoid

structure was associated with a promising prognosis

immunotherapy response (21). Immuno-chemotherapy can

directly kill cancer cells and regulate immune response to

improve the tumor-immune microenvironment (TIME), thereby

achieving better efficacy (22).

The ORR of neoadjuvant EGFR- TKI in the EGFR-sensitive

mutation population is 48% and early stage NSCLCmay reduce the

ORR of neoadjuvant EGFR-TKIs (23), and theMPR of neoadjuvant

Osimertinib was 15% (5). However the evidence for neoadjuvant

targeted therapy especially in these subgroups of EGFR mutation

status, PD-L1 expression is still not sufficient. In our case, ICIs were

administeredprior toEGFR-TKIs, given the lowoccurrenceof driver
Frontiers in Oncology 05
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gene mutation in LUSC, and the limited benefits of EGFR-TKIs.

Besides, ICIs were more effective for LUSC, and their combination

with chemotherapy might exhibit better efficacy with unknown

expression of PD-L1. Due to the imaging remission, the treatment

protocol was kept unchanged when the NGS- and IHC suggested

high PD-L1 expression and EGFR p.L858Rmutations accompanied

by variation in multiple genes such as EGFR amplification. Finally,

the patient underwent complete tumor resection and achieved pCR

without grade 3-5 AEs during the treatment.

It was reported (24) that after receiving the first-line immuno-

monotherapy, an elderly patient withmetastatic squamous cell lung

cancer harboring both EGFRmutation and high PD-L1 expression

presented with continuously aggravated conditions and died 6

months later. Additionally, Oguri T et al. (25) reported that

atezolizumab monotherapy led to immunotherapy-related

hyperprogression in a patient with EGFR p.L858R-mutated

pulmonary pleomorphic carcinoma. Similar to the above two

cases, our case also involved high PD-L1 expression and EGFR

p.L858R mutations with FOXP3 and M2 macrophages in the

preoperative immune microenvironment, which was associated

with the development of hyper progressive diseases (HPDs). Yet the

tumor was obviously diminished without signs of HPD following

the neoadjuvant immuno-chemotherapy, which may be attributed

to the effects of immuno-chemotherapy on TIME and the good

prognosis the therapy yielded. Still, HPD requires further

exploration. Furthermore, Li et al. (26) reported an NSCLC

patient with high PD-L1 expression, EGFR mutations, and cold

tumors who experienced disease progression 3 weeks after

neoadjuvant immuno-chemotherapy with LUAD different from

LUSC in our case. Huang et al. (27) revealed that the squamous cell

carcinoma components of lung adenosquamous adenocarcinoma

were likely transformed from adenocarcinoma components and

that EGFR-TKIs were effective for advanced EGFR-mutant lung

adenosquamous carcinoma. Nevertheless, further researches on the

immune microenvironment and immunotherapy of lung

adenosquamous carcinoma need to be carried out.

Some limitations are present in this case. On the one hand,

only one individual case was reported, thus it is tricky to

promote this treatment protocol. On the other hand, due to

the heterogeneity of tumor tissues, initial findings in pathologic

biopsy were potentially inconsistent with the final ones, which

means that adenosquamous carcinoma or inconsistent gene

expression were probable, posing a potential risk for the

selection of optimal neoadjuvant therapy modality.

Taken together, we reported a patient with stage IB NSCLC and

LUSC harboring high PD-L1 expression and EGFRmutations who

achieved pCR after two courses of neoadjuvant therapy of platinum-

based chemotherapy plus pembrolizumab. This case illustrated the

feasibility and effectiveness of neoadjuvant immuno-chemotherapy

in treating early LUSC with EGFR mutations and high PD-L1

expression. Nonetheless, the conclusion requires validation in

more patient samples. Moreover, therapeutic genes and

biomarkers need to be further explored to select the optimal
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treatment protocol for clinical scenarios with co-existing PD-L1

upregulation and EGFR sensitivity mutation.
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Case report: Complete resection
of invasive thymoma invading
the superior vena cava and right
atrium under cardiopulmonary
bypass support

Xiangxin Zhang1,2,3,4,5†, Liang Chen1†, Wenyong Zhou1†,
Zhexin Wang1, Chong Wang1, Jianxin Shi1* and Feng Yao1*

1Department of Thoracic Surgery, Shanghai Chest Hospital, Shanghai Jiao Tong University School
of Medicine, Shanghai, China, 2Department of Emergency Medicine, Qilu Hospital of Shandong
University, Jinan, China, 3Shandong Provincial Clinical Research Center for Emergency and Critical
Care Medicine, Institute of Emergency and Critical Care Medicine of Shandong University, Chest
Pain Center; Qilu Hospital of Shandong University, Jinan, China, 4Key Laboratory of Emergency
and Critical Care Medicine of Shandong Province, Key Laboratory of Cardiopulmonary Cerebral
Resuscitation Research of Shandong Province, Shandong Provincial Engineering Laboratory for
Emergency and Critical Care Medicine, Qilu Hospital of Shandong University, Jinan, China, 5The
Key Laboratory of Cardiovascular Remodeling and Function Research, Chinese Ministry of Education,
Chinese Ministry of Health and Chinese Academy of Medical Sciences, The State and Shandong
Province Joint Key Laboratory of Translational Cardiovascular Medicine, Qilu Hospital of Shandong
University, Jinan, China
Here we describe an uncommon case of a 48-year-old male patient with an

invasive thymoma invading the superior vena cava, bilateral innominate veins,

right internal jugular vein, right subclavian vein, right atrium, azygos vein, and

part of the lung tissues. The tumor was resected entirely under

cardiopulmonary bypass support, and the venous bypass using a vascular

graft was successfully established between the left innominate vein and the

right atrium. The postoperative course was uneventful, and the patient was

discharged 15 days after surgery without complications.

KEYWORDS

thymoma, invading the right atrium, cardiopulmonary bypass, surgery, case report
Introduction

Thymoma is the most common primary anterior mediastinal tumor in adults (1),

which can be further classified into the invasive or non-invasive type according to its

extracapsular extension (2). For invasive thymoma, the surgical treatment often involves

adjacent resectioning structures, such as either of the innominate veins, superior vena
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cava (SVC), pericardium, pleura, and the lung. The resection and

reconstruction of the SVC system are considered feasible (3, 4),

but it remains unclear when the SVC system and the right

atrium are involved.

Here, we report a case of an invasive thymoma completely

resected under cardiopulmonary bypass (CPB) support, which

invades the SVC and the right atrium together with the

bilateral innominate veins, the right internal jugular vein,

the right subclavian vein, the azygos vein, and part of

lung tissues.
Case report

A 48-year-old male patient was admitted to our center with

the complaint of chest tightness. Computed tomography

demonstrated a mass in the anterior mediastinum, measuring

13 cm × 7 cm, which was suspected of invading the SVC and the

right atrium (Figure 1). Positron emission tomography/

computed tomography scan showed no distant metastasis but

mediastinal lymph node metastasis. According to the fine-needle

aspiration biopsy results, the mass was considered to be type B2

thymoma. As the multidisciplinary team suggested, the patient

was treated with three-cycle chemotherapy with cisplatin,

cyclophosphamide, and epirubicin hydrochloride, followed by

oral prednisolone for 1 month. However, the response was
Frontiers in Oncology 02
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finally assessed as a stable disease by the Response Evaluation

Criteria in Solid Tumors (version 1.1) (5). The patient had no

myasthenia gravis but had mild SVC syndrome (6), so surgical

treatment was decided.

Through a median sternotomy, the tumor in the anterior

mediastinum was observed to invade the SVC and the right

atrium together with the bilateral innominate veins, the right

internal jugular vein, the right subclavian vein, the azygos vein,

and the lung (Figure 2A). The left innominate vein was

transected near the left venous angle and then anastomosed

with the vascular prosthesis. To establish the CPB, the arterial

cannula was inserted into the right femoral artery, whereas the

venous cannulas in a bicaval fashion were respectively inserted

into the right femoral vein and the vascular prosthesis. After

that, the right internal jugular vein, the right subclavian vein, and

the azygos vein were all ligated and cut off, and wedge resection

for part of the lung tissues was performed using the linear

staplers. Then, the mass was separated from the aorta arch and

right hilum. Through a longitudinal incision of the anterior wall

of the right atrium, the tumor was detected to invade part of the

right atrium around the entrance of the SVC. Therefore, the

right atrium was partially resected, and the tumor was removed

entirely, followed by the venous bypass reconstruction between

the left innominate vein and the right atrium (Figures 2B, C).

During the operation, the sinus node and the left phrenic nerve

were both preserved, whereas the right phrenic nerve was also
FIGURE 1

Preoperative computed tomography showed that the thymoma located in the anterior mediastinum (A) invaded the bilateral innominate veins,
the superior vena cava, and the right atrium (B–D).
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resected due to tumor invasion. At the end of the surgery, the

CPB was safely weaned off. The internal jugular vein pressure

was below 20 cmH2O, and the patient was successfully extubated

in the operating room.

The final histopathological examination confirmed the type

B2/B3 mixed-type thymoma (2021 WHO Classification) and

negative resected margins (Masaoka–Koga stage IIIB, T4N0M0)

(7–9). The postoperative course was uneventful, and the patient

was discharged 15 days after surgery without any complications

(Figure 3). In order to detect the patient’s blood coagulation

status and physical condition, the current follow-up interval is 1
Frontiers in Oncology 03
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month. The patient will be treated with adjuvant chemotherapy

after surgery.
Discussion

Thymoma invading the great mediastinal vessels and the

right atrium simultaneously is extremely rare. Several cases have

potentially revealed the promising prognoses of patients

receiving surgical resection for invasive thymomas compared

with those who underwent the non-surgical treatment (10–13).
A B C

FIGURE 2

During the operation, the tumor was observed to invade the superior vena cava and the right atrium together with the bilateral innominate
veins, the right internal jugular vein, the right subclavian vein, the azygos vein, and the lung (A). The tumor was completely resected, and the
venous bypass was established between the left innominate vein and the right atrium (B). Tumor specimen (C).
FIGURE 3

Postoperative X-ray (A) and computed tomography (B) imaging of the patient.
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Kumar et al. reported the survival outcomes in 12 patients

receiving surgical resection for locally advanced thymoma with

SVC invasion. The 1-, 3-, and 5-year overall survival rates were

100%, 91.6%, and 83.3% in their cohort, respectively (14). After

the literature review, Kurata et al. summarized the survival

outcomes in 23 cases of thymoma invading the atrium.

Among 20 patients receiving surgical treatment, three died

within 1 month, at 2 months, and 1 year after surgery. The

average survival time of the other 17 patients was 30.1 months,

and the longest follow-up period was 8.5 years. However, all

three remaining non-surgical treatment patients died during

follow-up (15).

According to previous literatures, CBP has often been used

in thoracic malignant tumors invading the heart or great vessels,

trachea, or carina (16). Studies have shown that using CPB does

not appear to increase the risk of tumor dissemination. For

patients with locally advanced cancers, CBP can safely help

remove the tumor and improve the survival to a certain extent

(17, 18).

Complete resection of invasive thymoma and the involved

structures (such as the great mediastinal vessels) would benefit

the oncological prognosis (19). Traditionally, when the tumor

invades SVC and the confluence of bilateral innominate veins,

the “Y-graft” or “two separate grafts” is usually selected to

reconstruct the venous drainage. When both SVC and the

long segment of a single innominate vein are resected, a single

straight graft between the uninvolved innominate vein and the

right atrium is applied (14). In the present case, the SVC,

bilateral innominate veins, the azygos vein, and part of the

right atrium were all resected to perform complete resection.

Meanwhile, the right internal jugular and right subclavian valves

were also ligated at a high level, wherein establishing venous

bypass between these vessels and the right atrium would be quite

difficult (Figure 2A). Therefore, the venous drainage was only

reconstructed between the left innominate vein and the right

atrium. Even so, due to the development of the venous collateral

circuits after the long-term occlusion of SVC, there were no

clinical signs of SVC syndrome or elevated internal jugular vein

pressure. Furthermore, the patient’s symptoms were relieved to a

great extent in this case. It was also previously reported that the

symptomatic patients who suffered thoracic malignancies

invading the heart or great vessels had immediate and

sustained palliation of their symptoms after surgical

treatment (20).

In conclusion, radical resection for such an invasive

thymoma may be safely attempted in selected patients under

CPB support, which may help achieve prolonged survival.
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Case report:
Immunovirotherapy as a novel
add-on treatment in a patient
with thoracic NUT carcinoma

Linus D. Kloker1*, Branko Calukovic1, Katrin Benzler1,
Alexander Golf1, Sebastian Böhm1, Sven Günther1,
Marius Horger2, Simone Haas1,3, Susanne Berchtold1,
Julia Beil1,4, Mary E. Carter1, Tina Ganzenmueller5,
Stephan Singer6, Abbas Agaimy7, Robert Stöhr7,
Arndt Hartmann7, Thomas Duell8, Sandra Mairhofer8,
Fabian Fohrer8, Niels Reinmuth8, Lars Zender1,9

and Ulrich M. Lauer1,4

1Department of Medical Oncology and Pneumology, Virotherapy Center Tübingen (VCT), Medical
University Hospital, Tübingen, Germany, 2Diagnostic and Interventional Radiology, University
Hospital Tübingen, Tübingen, Germany, 3Max-Planck-Institute of Biochemistry, Department of
Molecular Medicine, Martinsried, Germany, 4German Cancer Consortium (DKTK), German Cancer
Research Center (DKFZ), Tübingen, Germany, 5Institute for Medical Virology and Epidemiology of
Viral Diseases, University Hospital Tübingen, Tübingen, Germany, 6Department of Pathology,
University Hospital Tübingen, Tübingen, Germany, 7Department of Pathology, University Hospital
Erlangen, Erlangen, Germany, 8Asklepios Lung Clinic, Munich-Gauting, Munich, Germany, 9DFG
Cluster of Excellence 2180 ‘Image-guided and Functional Instructed Tumor Therapy’, University of
Tübingen, Tübingen, Germany
NUT carcinoma (NC) is a rare and extremely aggressive form of cancer, usually

presenting with intrathoracic or neck manifestations in adolescents and young

adults. With no established standard therapy regimen and a median overall

survival of only 6.5 months, there is a huge need for innovative treatment

options. As NC is genetically driven by a single aberrant fusion oncoprotein, it is

generally characterized by a low tumor mutational burden, thus making it

immunologically cold and insusceptible to conventional immunotherapy.

Recently, we have demonstrated that oncolytic viruses (OVs) are able to

specifically infect and lyse NC cells, thereby turning an immunologically cold

tumor microenvironment into a hot one. Here, we report an intensive

multimodal treatment approach employing for the first time an OV

(talimogene laherparepvec (T-VEC); IMLYGIC®) together with the immune

checkpoint inhibitor pembrolizumab as an add-on to a basic NC therapy

(cytostatic chemotherapy, radiation therapy, epigenetic therapy) in a patient

suffering from a large thoracic NC tumor which exhibits an aberrant, unique

BRD3:NUTM1 fusion. This case demonstrates for the first time the feasibility of

this innovative add-on immunovirotherapy regimen with a profound, repetitive
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and durable replication of T-VEC that is instrumental in achieving tumor

stabilization and improvement in the patient´s quality of life. Further, a

previously unknown BRD3:NUTM1 fusion gene was discovered that lacks the

extraterminal domain of BRD3.
KEYWORDS

NUT carcinoma, virotherapy, immunotherapy, T-VEC, chemotherapy, NUTM1, BRD3
Introduction

NUT carcinoma

NUT carcinoma (nuclear protein in testis carcinoma, NC),

formerly known as NUT midline carcinoma, is a poorly

differentiated and highly aggressive tumor which is molecularly

defined by an aberrant NUTM1 fusion gene (1).

This neoplasm can arise in all age groups, but mostly

adolescents and young adults are affected with a median onset

of disease at 23.6 years (2).

Very rarely, when the diagnosis can be made in a still

localized state, surgery and adjuvant radiation can achieve

long-term survival (3, 4), particularly when resection achieves

tumor-free margins (5). Unfortunately, patients usually present

in an advanced metastatic and therefore inoperable condition,

facing a fatal prognosis with a median overall survival (OS) of 6.5

months only. Three different prognostic subgroups have been

described depending on tumor localization and type of fusion

gene, with (i) the best median OS in patients with non-thoracic

non-BRD4:NUTM1 fusion carcinoma (36.5 months from initial

cancer diagnosis), (ii) a median prognosis for non-thoracic

disease with BRD4::NUTM1 fusion (10 months) and (iii) the

worst prognosis (4.4 months) in patients with thoracic disease

onset, independent of the fusion gene partner (2).

The foremost common fusion partner gene is BRD4 (75%),

followed by BRD3, NSD3 and ZNF532 (6). Frequently, NC is

initially misdiagnosed as a poorly differentiated squamous cell

carcinoma (SCC), but simple immunostaining for NUT allows a

straightforward diagnosis (7). Fluorescence in situ hybridization or

next generation sequencing approaches, including panel or exome

sequencing, can reveal the corresponding fusion partner gene.

So far, there is no standard treatment regimen for palliation

of metastatic disease stages. However, ifosfamide-based

regimens and additional radiation therapy have shown some

promising results, with published cases of some very rare partial

or complete responses in non-thoracic NC (6, 8–11). The

combination of carboplatin and paclitaxel is frequently used in

thoracic NC, but with only limited success and progression free

survival rates below 3 months (12–14).
02
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Oncolytic virotherapy

Oncolytic virotherapy employs oncolytic viruses (OVs) to

specifically infect, replicate in and lyse tumor cells whilst sparing

healthy cells. Such OVs are specifically selected based on their

natural tumor tropism and/or are genetically modified for

improved and even more selective tumor tropism. During

intratumoral (i.t.) virus replication and subsequent direct virus-

mediated oncolysis, tumor neo-antigens as well as pathogen

and damage associated molecular patterns (PAMPs and DAMPs)

are released, thereby inducing a highly inflamed tumor

microenvironment as well as an additional indirect

(immunogenic) tumor cell death associated with a powerful

systemic anti-tumor immune response (15). Of note, the anti-

tumoral efficacy of ICIs was shown to be augmented by

intratumoral application of the virotherapeutic compound T-VEC

(16, 17). OVs are thought to elicit a response particularly in tumors

that have an immunosuppressive tumor microenvironment and a

low tumor mutation burden, and thus show very low response rates

to immune checkpoint inhibition as monotherapy (18).
The oncolytic virus T-VEC

T-VEC (talimogene laherparepvec; IMLYGIC®) is a

genetically engineered oncolytic herpes simplex virus type 1

(HSV-1), modified for specific tumor replication and enhanced

immunostimulation, while being attenuated in healthy and

especially in brain tissue (19). In 2015, T-VEC was the first and

only OV to be approved by the US Food and Drug Administration

(FDA), as it showed a significant benefit for treatment of advanced

stages of metastatic melanoma (20). However, a recent phase III

study (Masterkey-265, NCT02263508) failed to show significant

benefits of the combined treatment with T-VEC and the ICI

pembrolizumab inmelanoma, despite indicating positive trends in

the combination group. Currently, this regimen is being evaluated

for treatment of melanoma in a neoadjuvant setting

(NCT04330430, NCT04427306) as well as for other tumor

entities such as sarcomas, triple-negative breast cancer or

peritoneal surface malignancies.
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For melanoma, T-VEC was already demonstrated to

increase the number of tumor infiltrating CD4- and CD8-

lymphocytes as well as activated CD8-lympho-cytes in the

circulation and to rise expression of PD-L1 and IFNg in virus-

injected tumors (16, 17). Preclinical data suggest an alteration of

the tumor microenvironment by increased neutrophils,

monocytes and chemokines and the induction of tumor

specific T-lymphocytes (21). These features enable T-VEC to

turn immunologically cold tumors into a hot ones (22).
Immunotherapy in NUT carcinoma

So far, virotherapeutics, such as T-VEC, have not been

employed in the treatment of NC. Moreover, there are only a

few reported cases and no clinical trials for NC treatment with

ICIs. Nevertheless, off-label treatment with ICIs is a frequent

practice. In a case report, Davis et al. described a patient with

thoracic NC for whom treatment with initial surgery, adjuvant

chemotherapy and the anti-PD-1 agent nivolumab resulted in

long-term survival of 7.5 years. Nivolumab was administered for

3.5 years, starting at disease recurrence three years after initial

diagnosis (23). Previous work suggests a low PD-L1 expression

and TMB in the majority of NCs (24), which generally predicts a

rather poor response rate to sole PD-1 blockade.

In another case series of five NC patients treated with ICIs,

the response rate to immunotherapy could be improved by

previous radiation therapy, whereas one patient with high

TMB did not respond to immunotherapy (12). A further case

analysis of twelve patients also supported the hypothesis that

radiotherapy followed by immunotherapy results in beneficial

outcomes. Regarding the usage of distinct ICIs, best outcomes

were seen with pembrolizumab, whereas atezolizumab so far

showed no benefit (25).

It remains unclear if TMB and PD-L1 expression as

predictive biomarkers are also applicable to NC, since

individual differences in NC location and stage at diagnosis

might overshadow reliable evidence with the reported small

sample sizes. Nevertheless, infiltration of neutrophils and T-cells

into NC tissues have been described (24, 26, 27). An additional

strong stimulus for attracting more T-cells to the tumor sites, e.g.

oncolytic virotherapy may be required and thus is a prerequisite

for any effective anti-tumoral immune activation.
Case highlights

In this patient case, T-VEC is employed for treatment of NC

for the first time by sequential intratumoral injections. It is

combined with a multimodal treatment approach including

chemotherapy, radiotherapy, an HDAC inhibitor and an ICI

(pembrolizumab). This patient case demonstrates a treatment

response to this multimodal approach as well as repetitively high
Frontiers in Oncology 03
90
replication yields of T-VEC when applied intratumorally into

different NC locations. Moreover, a previously undescribed

BRD3::NUTM1 fusion gene was discovered.
Case report

Patient history

A 57-year-old woman with no past medical history and no

history of smoking initially was evaluated for a worsening cough

and dyspnea by her local specialist for internal medicine. Serial

testing for COVID-19 remained negative. With a suspected

pulmonary embolism, she was referred to a radiologist, who

performed the initial CT scan of the chest. The CT scan revealed

a large pulmonary mass (12 x 11.8 x 11 cm) in the right upper

lobe with compression of the right upper lobe artery and

bronchus, right-sided malignant pleural effusion with pleural

metastases, enlarged ipsilateral mediastinal lymph nodes and a

mediastinal shift to the left side (Figure 1A). Initial TNM staging

for lung carcinoma was cT4 cN2 cM1a (pleural).
Diagnosis

The patient was subsequently hospitalized in a specialized

lung clinic, where pleural drainage, biopsy via bronchoscopy and

initiation of a standard chemotherapy with carboplatin (AUC5)

and paclitaxel (175 mg/m2) were conducted (based on a

bronchoscopy guided biopsy revealing a poorly differentiated

SCC, being positive for p63 and negative for TTF-1, CD56

and synaptophysin).

Shortly after the first cycle of chemotherapy, she was

rehospitalized with aggravated dyspnea. Subsequently, a video

assisted thoracoscopy (VATS) was performed to obtain serial

biopsies and to achieve a surgical pleurodesis. Reference

pathology performed at the University of Erlangen, Germany,

reported an undifferentiated highly malignant tumor with spindle

and polygonal cells and diffuse expression of p63 and

pancytokeratin, which supported the diagnosis of a non-

keratinizing SCC (Figure S1). Additional immunostaining showed

only low positivity for p40 and cytokeratin 5. The final diagnosis of

NC was made via immunostaining with an anti-NUT antibody

showing a strong nuclear signal and an additional fusion panel

RNA sequencing, which revealed a BRD3::NUTM1 gene fusion

(Figure 2 and Figure S1). A DNA sequencing panel for 749 genes,

including standard lung-cancer diagnostics, showed no relevant

alterations. At diagnosis, there was only a scattered and CD4-

dominated T lymphocyte infiltration within NC tumor sites (Figure

S1). Staining for PD-L1 showed a TPS (tumor proportion score)

and CPS (combined positive score) <1% (Figure S1).

About three months after symptom onset, the patient was

referred to the University Hospital of Tübingen, a German
frontiersin.org
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FIGURE 2

BRD3::NUTM1 gene translocation being found in fusion RNA panel sequencing of tumor tissue. (A) TruSight RNA fusion panel sequencing
(Illumina) revealed BRD3 as NUTM1 fusion partner. Integrated genome viewer split-screen view of the breakpoint regions on chromosomes 9
(left) and 15 (right). Read alignments of paired-end RNA sequencing of the identified BRD3::NUTM1 fusion event are shown. Mate pairs mapped
to the fusion reads in the BRD3 (purple color) and NUTM1 (green color) locus are shown. (B) Estimated BRD3::NUT fusion protein with
breakpoints after coding exon 8 of BRD3 (arrow; chr9:136,905,154, amino acid G549) and before exon 4 of NUTM1 (chr15:34,645,933), resulting
in the respective fusion oncoprotein. Interestingly, the extraterminal domain (BRD3, amino acids 564-641) and the second nuclear localization
sequence coded on exon 9 of BRD3 are not contained in the fusion oncoprotein.
FIGURE 1

Tumor regression on sequential contrast enhanced CT scans (CECT) of the chest. (A) Axial chest CECT (performed on day 0, i.e. before the
onset of the multimodal NUT therapy regimen) - large, highly attenuated lung mass occupying the entire right upper lung lobe with invasion of
the mediastinum as well as tumoral spread to the hilar and pre-tracheal lymph nodes. (B) First follow-up (FU) (day 20) - increasingly
heterogeneous tumor attenuation and slight shrinkage. (C) Second FU (day 55) - further loss in tumor attenuation (vascular supply) as well as
strong volume reduction on chest CECT. (D) Third FU (day 77) - stable situation with respect to the residual tumor manifestations in the right
lung and mediastinum. (E) Axial chest CECT (day 0) – right sided pleural metastases and epiphrenic tumor mass. (F) First FU (day 20) – volume
reduction of the pleural and epiphrenic tumor manifestations. (G) Second FU (day 55) – stable situation. (H) Third FU (day 77) – slowly
progredient epiphrenic and pleural tumor with increased marginal attenuation.
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Comprehensive Cancer Center specialized in NC tumors, for

further treatment. Here, an immediate CT scan displayed further

progressive disease (PD) with additional involvement of the

pleura, the diaphragm, the pericardium as well as mediastinal

lymph nodes (Figure 1E). An additional lesion in the lateral

upper region of the left mamma was identified as a NC

metastasis via biopsy.
Mutlimodal treatment with
immunovirotherapy

Shortly after admission, an intensive multimodal therapy

was initiated (Figure 3). The patient received a second cycle of

chemotherapy, now with ifosfamide (2.8 g/m2) and etoposide

(100 mg/m2) followed by 11 days of radiotherapy with 3 Gy

fractions each. Additionally, an oral HDAC inhibitor

(suberoylanilide hydroxamic acid (SAHA), 270 mg/d) was

started, but had to be discontinued shortly thereafter (before

the next cycle of chemotherapy) due to a severe leukopenia

and thrombopenia.

As part of our novel add-on immunovirotherapeutic

concept, the first dose of T-VEC (108 PFU/ml) was

administered intratumorally under ultrasound guidance on

day six after the first admission (Figure 3, 4D). The patient

experienced only minor expected side effects (well known for

any type of oncolytic virotherapy) including a slightly elevated

body temperature, glazed eyes, transient fatigue and loss of

appetite. The application of pembrolizumab was omitted after

the first T-VEC injection to prevent enhanced initial immune

clearance of the virus.

Three weeks later she received the second dose of T-VEC

and a modified cycle of chemotherapy (since ifosfamide had

caused severe confusion and hallucinations), following a
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modified VIDE protocol with a dose reduction to 75% (VCDE:

vincristine 2 mg, cyclophosphamide 1.5 g/m2, doxorubicin 20

mg/m2, etoposide 150 mg/m2). Afterwards, the patient

subsequently received the first dose of intravenous

p emb r o l i z uma b ( 2 0 0 mg ) a s t h e s e c o n d p a r t

of immunovirotherapy,

A CT scan after the second therapy cycle showed a partial

response (PR) of the primary tumor and of pleural and pulmonal

metastases as well as shrinking mediastinal lymph nodes

(Figure 1G). These findings were accompanied by a significant

clinical improvement of dyspnea and coughing with no further

need for any oxygen supply.

On day 56, treatment was continued with a third

in t r a tumora l dos e o f T -VEC aga in fo l l owed by

pembrolizumab. Due to prolonged pancytopenia after the

second chemotherapy cycle, a further dose reduction to 50%

(VCDE) was necessary. A follow-up CT scan demonstrated a

generally stable disease (SD), but with a slowly progressive

epiphrenic tumor mass (Figure 1).

After another four weeks, the fourth intratumoral T-VEC

injection was administered into a highly vital right epiphrenic

tumor mass, because a previous CT-Scan had revealed a necrotic

primary tumor in the right upper lobe of the lung (Figure 1D),

though slowly progress ive r ight epiphrenic tumor

manifestations (Figure 1). This resulted again in high serum

viral loads as detected by quantitative real-time PCR for HSV-1

DNA (HSV1&2, VZV R-GENE® Kit, Biomerieux) comparable

with the level obtained after the first T-VEC injection in the

initial right pulmonary tumor mass (Figure 4). Virotherapy was

again accompanied by chemotherapy (VCDE; 50%)

and pembrolizumab.

Today, six months after the initial diagnosis, the patient has

a stable quality of life and no need for additional oxygen supply.

Therapy is still ongoing with manageable side effects.
FIGURE 3

Multimodal NUT carcinoma (NC) therapy regimen, including Immunovirotherapy as a novel add-on therapy. Multimodal treatment plan. Days
since first admission at specialized NC Cancer Center at University Hospital Tuebingen are shown. Mutlimodal treatment was performed with
three-weekly cycles of T-VEC followed by pembrolizumab and accompanied by chemotherapy. Immunovirotherapy: T-VEC (108 PFU) blue
arrwos, pembrolizumab (200 mg) green arrows. Chemotherapy: CTx #1 Carboplatin/Paclitaxel (performed before referral to UKT), CTx #2
Ifosfamide/Etoposide, CTx #3 Vincristin/Cyclophosphamid/Doxorubicin/Etoposide 75%, CTx #4/#5 Vincristin/Cyclophosphamid/Doxorubicin/
Etoposide 50%. Radiation: 11 x 3 Gy = 33 Gy. HDAC inhibitor: oral suberoylanilide hydroxamic acid (SAHA). PD: progressive disease, SD: stable
disease, PR: partial response according to RECIST 1.1.
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Discussion

This case illustrates characteristic features of the challenge to

timely and correctly diagnose NC. The patient had never smoked,

had no relevant past medical history and no family history of

cancer. Initially, she was diagnosed with SCC of the lung. Only

after the first round of SCC-oriented chemotherapy did not

exhibit a proper response, immunostaining for the NUT protein

was used as crucial diagnostic tool. Of note, this patient is unusual

old for a NC patient, as NC is mostly diagnosed in adolescents and

young adults. Suffering from thoracic NC, she is classified in the

worst prognostic NC subgroup with an estimated median OS

from initial cancer diagnosis of only 4.4 months.

Immunohistochemical staining with an anti-NUT antibody

showed strong staining intensity which enabled correct diagnosis

(Figure S1). Additional fusion panel RNA sequencing revealed a

BRD3::NUTM1 fusion gene, generally responsible for around 15%

of NC cases (Figure 2). Interestingly, analysis of the gene
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breakpoints indicated a breakpoint of BRD3 after coding exon 8

and of NUTM1 before exon 4. Accordingly, the extraterminal

domain (ET) and a second nuclear localization sequence in exon 9

of the BRD3 gene are not retained in the fusion gene (Figure 2).

Previously described fusion genes of NC with either BRD3 or

BRD4 fusions contained both bromodomains and the ET of BRD3

or BRD4, thus making this the first reported case with a BRD3::

NUTM1 fusion without the ET of BRD3 (28, 29). The ET of the

BET (bromodomain and extraterminal domain) proteins is

strongly conserved throughout the human BET protein family

and even between different species, thus indicating an important

evolutionary function. It plays a major role in recruiting

transcriptional regulators such as NSD1-3 and JMJD6 (30). Our

findings suggest that the protein recruiting ET is not essential for

the oncogenic function of the NUT fusion protein and supports

recent in vitro studies suggesting that the two bromodomains of

BRD4 in a fusion protein with NUT are sufficient for the

formation of the pathological hyperacetylated megadomains
A B

C D

FIGURE 4

Evidence for highly efficient replication of T-VEC in NC tumor cells. (A) Serum viral loads over time determined by standard HSV-1 DNA real-
time PCR from patient blood samples (blue arrows indicate time points of intratumoral (i.t.) injections of T-VEC). The first three times, T-VEC
was administered into the right pulmonary mass identified as the primary tumor. At the time of the third i.t. injection of T-VEC, CT revealed
necrosis of this pulmonary mass; as a consequence, the third injection applied again to this area no longer resulted in the production of relevant
amounts of T-VEC DNA (days 56-77). Hence, injection site was changed for the fourth application of T-VEC to a highly vital and progressive
epiphrenic tumor mass, now resulting again in the production of relatively high loads of HSV-1 DNA. (B) Serum LDH serves as a surrogate
proliferation marker for NC (high levels are supposed to indicate a highly proliferative state). Each treatment cycle of the multimodal therapy
regimen led to the reduction of serum LDH values below the upper normal level of 250 U/l after 5 to 10 days. However, shortly after
completion of each cycle, LDH levels increased again in a highly regular manner. (C) Agarose gel electrophoresis of a PCR from serum samples
employing T-VEC specific primers. Upper panel: Band intensities correlated well with results of standard HSV-1 qPCR (A). Highest intensities
were found after the first (d7-d12) and fourth (d85) T-VEC administration. Lower panel: A schematic overview of the T-VEC genome; primers
(purple) bind to the flanking regions of the hGM-CSF transgene (blue) located within the terminal repeats (RL) of the unique long region (UL),
being highly specific for the T-VEC genome. (D) The first three doses of T-VEC were administered into a tumor mass in the right upper
pulmonary lobe of the lung via dorsal fine needle injection in the scapular line, whereas the fourth dose was injected into a right sided highly
vital epiphrenic tumor manifestation at the midaxillary line. Created with BioRender.com.
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(31). However, a fully intact wild-type BRD4 protein seems to be

crucial for the formation of the oncogenic nuclear complex and

the pathogenesis of non-BRD4-NUT fusion NC (32–34).

Importantly, the acidic domain of NUT, which is essential for

downstream p300 activation, is retained in this BRD3::NUTM1

fusion gene (35).

After no initial response to carboplatin/paclitaxel, we

initiated an induction chemotherapy based on the standard

VIDE protocol for Ewing Sarcoma, as these agents so far have

demonstrated the best pre-clinical and case-based evidence in

NC so far (6, 8, 10, 11, 36). Because of intolerable side effects

(severe confusion, hallucinations) ifosfamide was exchanged

with cyclophosphamide, which was shown to be non-inferior

in this treatment protocol in the therapy of Ewing sarcomas (37).

The oncolytic virus T-VEC has already shown promising

anti-tumoral effects in advanced sarcomas, particularly in a

combinatorial treatment with the ICI pembrolizumab (38).

Recently, we presented highly promising in vitro results

exhibiting a very profound direct oncolysis in NC cell lines

when being infected by T-VEC (39). Based on these results, we

initiated for the first time an immunovirotherapy as a novel add-

on treatment in a patient with thoracic NUT carcinoma.

Employing T-VEC, three ultrasound-guided injections into

the primary tumor site were followed by a fourth injection into a

metastatic epiphrenic tumor mass (Figure 4). Very high levels of

serum viral HSV-1 DNA (up to 300,000 copies/ml) after T-VEC

injection into previously untreated lesions (first and fourth

injection) prove the clinical permissivness of NC for T-VEC as

well as a highly efficient replication of T-VEC in NC tumors

(Figure 4), while exhibiting only modest and easily manageable

side effects. Serum HSV-1 DNA levels steeply increased after the

injections and peaked 3 to 5 days after injection. Compared with

experiences from melanoma treatment, higher serum viral DNA

levels and a longer lasting increase in serum HSV-1 DNA after

intratumoral T-VEC applications show the high susceptibility of

NC to T-VEC infection and replication (40). A T-VEC-specific

PCR confirmed the presence of T-VEC in serum samples and

correlated with the results of standard HSV-1 qPCR (Figure 4).

Since replication of T-VEC in the addressed tumor sites is

accompanied by a continuous release of immunostimulatory GM-

CSF (being encoded in T-VEC as a transgene (39)) notable

changes in the composition of the respective tumor micro-

environments are triggered. A post treatment tumor specimen

obtained from our NC patient at day 98 revealed (i) a partial

necrosis, (ii) a switch from a CD3+CD4+ dominant to a CD3

+CD8+ dominant lymphocyte infiltrate as well as (iii) an

increased number of tumor infiltrating macrophages (Figure S1

and S2). This indicates remarkable immunologic changes in the

tumor microenvironment. Beyond that a particularly enhanced

density of CD3+CD8+ lymphocytes has been found previously to

be correlated with improved tumor responses to T-VEC (41).

Interestingly, lower HSV-1 serum loads were detected after

injections two and three into the primary tumor site in the right
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upper lobe of the lung. A finding which might indicate

unintended administration into mostly necrotic parts of this

tumor site. Accordingly, a significant part of the injected volume

of T-VEC could not induce repetitive infections of vital NC cells,

ultimately causing a significantly reduced production of viral

progeny. However, sequential CT scans confirmed regression

and necrosis of the primary tumor site (Figure 1) and a stable

situation in distant metastases. In summary, this implies a strong

replication capacity and local anti-tumor efficacy of T-VEC in

this case of thoracic NC. Further investigations are required to

evaluate the effects of multimodal approaches, including such

diverse treatments as chemotherapy, radiation, pleurodesis,

HDAC inhibition, BET inhibition, immune checkpoint

inhibition, virotherapy and possibly also other modalities.

For the fourth treatment cycle, the injection site was changed

to a viable, slowly progressive epiphrenic tumor mass, which

again resulted in the shedding of very high HSV-1 load levels

into the patient´s circulation and pathologically confirmed

necrosis (Figure 4; peak viral loads depicted after the fourth

arrow in blue; Figure S2).

Additional pembrolizumab infusions were administered

shortly after virotherapy to enhance the systemic anti-tumoral

immune response primarily generated by T-VEC (16) (Figure 3).

On purpose, application of pembrolizumab was not initiated right

away (i.e., simultaneously with the first T-VEC injection, in order

to allow unhindered T-VEC replication at this early time point

and thereby induced changes in the tumor microenvironment. In

this case, a clear-cut evaluation and dissection of the extent of any

additional effects contributed by pembrolizumab is not possible.

During treatment, serum lactate dehydrogenase (LDH)

served as a surrogate proliferation marker for NC; high levels

are supposed to indicate a highly proliferative state (Figure 4).

Each treatment cycle of the multimodal therapy regimen led to

the reduction of serum LDH values below the upper normal level

of 250 U/l. However, shortly after completion of each cycle, LDH

levels increased again in a highly regular manner. Notably, the

multimodal treatment approach employed here kept serum

LDH levels in a range between 100 and 500 U/l during the

whole treatment period; however, the contribution of

immunovirotherapy to this aspect of disease stabilization

cannot be clearly defined in this report of a single case and

needs a broader investigation. This can be regarded as a

therapeutic success, especially when looking at the very poor

prognosis of NC cases exhibiting thoracic NC.
Conclusion

In summary, this case demonstrates for the first time the

feasibility of virotherapy in a NC patient. Treatment was well

tolerated and signs of tumor response to administration of T-

VEC were noted in the context of a multimodal regime. Further,

tumor stabilization and improvement of the patient’s quality of
frontiersin.org

https://doi.org/10.3389/fonc.2022.995744
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Kloker et al. 10.3389/fonc.2022.995744
life could be achieved. Furthermore, a previously unknown

variant of the BRD3::NUTM1 fusion gene was described.
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Case report: A rapid response to
immunotherapy in a thoracic
SMARCA4-deficient
undifferentiated tumor with
respiratory failure

Liyong Shi, Lianshun Lin, Yin Ding, Yiming Zeng
and Xiaoyang Chen*

Department of Respiratory and Critical Care Medicine, The Second Affiliated Hospital of Fujian
Medical University, Quanzhou, China
Thoracic SMARCA4-deficient undifferentiated tumor (SMARCA4-UT) is an

extremely rare and poor-prognosis malignancy, which has recently been

noted as a subtype of lung tumors. We presented a case of SMARCA4-UT in

a 50-year-old man with progressively worsening respiratory failure. The tumor

was the first reported to involve pulmonary artery, and 90% of tumor cells

expressed programmed cell death ligand 1 (PD-L1). High tumor mutational

burden (TMB, 23.93/Mb) and mutations in SMARCA4 were detected. It is the

first reported case to receive Tislelizumab monotherapy with considerable

improvement in clinical condition and no adverse events. As a result of our

case, we highlight the importance of recognizing SMARCA4-UT as an individual

entity, as well as the efficacy of immune checkpoint inhibitor therapy,

particularly in patients with high levels of TMB and PD-L1 expression.

KEYWORDS

SMARCA4-UT, immunotherapy, tislelizumab, PD-L1 expression, immune

checkpoint inhibitor
Introduction

Thoracic SMARCA4-deficient undifferentiated tumor (SMARCA4-UT), an

aggressive and rare malignancy, is characterized by SMARCA4 gene inactivating

mutation and presents with rapidly progressive masses involving the mediastinum,

lung, and pleura. It has been established as a new histomorphological and molecular

entity of thoracic tumors (1). Since the first report by Sauter et al. in 2015 up to now, no

more than 100 cases have been reported in the literature (2).

There are no treatment guidelines for SMARCA4-UT. It was previously classified as a

sarcoma subtype and treated with chemotherapy, which was often ineffective. Despite
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operable cases, recurrence occurs and systemic chemotherapy is

required (2, 3). Recently, a few patients with SMARCA4-UT

have been reported to be successfully treated with anti-PD-1 and

PD-L1 antibodies (4–8).

We herein report a rapid response to Tislelizumab as the first-

line treatment in a SMARCA4-UT with PD-L1 overexpression.
Case presentation

A 50-year-old man presented to our hospital complaining of

increasingly worsening dyspnea, hemoptysis, and thoracic pain

for 2 weeks with a weight loss of nearly 10 kg. He had a 36-pack-

year smoking history and is a current smoker. There was no

significant past medical history. His premorbid level of function

was poor, with an Eastern Cooperative Oncology Group

(ECOG) performance status (PS) of 3. His consciousness was

clear; temperature was 36.2°C, blood pressure 136/88 mmHg,

pulse 124/min, respiratory rate 26/min, and peripheral oxygen

saturation 90% (room air). Following an examination of the

respiratory system, decreased left-sided breath sounds were

noted. Laboratory investigations revealed a normal white

blood cell count of 6500/mm3 and a normal neutrophil count

(71%; reference range, 40%–75%). Arterial blood gas showed a

pH of 7.42, pCO2 of 32.8 mm Hg, and pO2 of 58 mm Hg.

Assessment of serum tumor markers revealed a high neuron-

specific enolase (NSE, 29.34 ng/ml; reference range ≤16.3),

whereas carcinoembryonic antigen (CEA), cytokeratin 19

fragment (Cyfra 21-1), alpha-fetoprotein (AFP), and

carbohydrate antigen 125 (CA125) were within the reference

range. D-Dimer was elevated, 1.05 µg/ml (reference range, 0–

0.5), and the evaluation of the cardiac function including B-type

natriuretic peptide (BNP), Troponin I, and electrocardiogram

was normal. A CT scan revealed a large mass of 11.46 cm ×

11.19 cm in the left upper lobe of the lung (Figure 1A) involving

the pulmonary artery and without enlargement of the hilar and
Frontiers in Oncology 02
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mediastinal lymph nodes. Furthermore, thoracic and cardiac

color Doppler ultrasound revealed a small amount of pleural and

pericardial effusion. Cerebral, abdominal, and radionuclide bone

scan examinations detected no abnormalities.

We performed a color Doppler ultrasound-guided

percutaneous needle biopsy for the mass. The following

cl inicopathological examination revealed sheets of

homogenous large tumor cells with a moderate amount of

eosinophilic cytoplasm, eccentrically positioned vesicular

nuc le i , and prominent nuc leo l i (F igure 2A) . On

immunohistochemistry, the mass was completely SMARCA4-

negative and partly positive for SMARCA2 (Figures 2B, C).

These tumor cells were focally positive for cytokeratin (CK),

CK7, CKpan, CK8/18, and Syn (Figures 2D–G) and diffusely

positive for vimentin. They were negative for Claudin-4, Napsin-

A, TTF-1, S-100, CK5/6, and CgA. In addition, Ki-67 staining

was positive (60%). A 520-gene panel next-generation

sequencing (NGS) was performed, which showed a somatic

SMARCA4 c.797C>T (p. Ser266*) mutation and no abnormal

SMARCB1 gene. The tumor exhibited microsatellite stability

(MSS), tumor mutational burden (TMB) of 23.93 muts/Mb, and

high PD-L1 expression (tumor proportion score more than 90%)

(Figure 2H) with concurrent mutations in KEAP1, TP53, and

TERT. According to the diagnostic criteria of the WHO (1), all

evidence resulted in a definitive diagnosis of stage IVa

SMARCA4-UT (ECOG PS 3) involving the pulmonary artery,

pericardium, and pleura.

The patient was treated with Tislelizumab. After one dose of

Tislelizumab (200 mg) infusion, the patient’s dyspnea, thoracic

pain, and hemoptysis were rapidly relieved the next day,

suggesting a notable clinical benefit. ECOG PS reduced from 3

to 1 with stable vital signs, and peripheral oxygen saturation rose

to 96% (room air). Arterial blood gas showed a pH of 7.45, a

pCO2 of 37.2 mmHg, and a pO2 of 76 mmHg. Regular CT scans

revealed significant improvement in pulmonary artery

compression and a partial response (PR; Figures 1B, C) after

20 days. A CT scan after six cycles of Tislelizumab demonstrated
FIGURE 1

Enhanced CT and follow-up CT images. White arrows indicate tumors and red arrows indicate the pulmonary artery. (A, B) Pretreatment CT
scan of the patient. (C) CT scan after two doses of Tislelizumab. (D) CT scan after six doses of Tislelizumab.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1020875
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Shi et al. 10.3389/fonc.2022.1020875
a sustained durable PR response [51% tumor size compared with

baseline pretreatment according to RECIST version 1.1 (9)] with

no adverse events (Figure 1D). The treatment timeline and

therapeutic response are shown in Figure 3.
Discussion

In recent years, SMARCA4-UT has become increasingly

recognized as a progressive malignant disease. There has been

an important change in terminology since the ‘sarcoma’

classification was dropped in favor of ‘thoracic SMARCA4-

deficient undifferentiated tumor (SMARCA4-UT)’, which is

newly classified in the fifth edition of the WHO classification

of thoracic tumors (2021) (1). It was classified as a subtype of

undifferentiated lung cancer of pulmonary epithelial origin (10).
Frontiers in Oncology 03
99
These tumors mostly occur in the fourth and fifth decades of life;

moreover, there is a strong connection with smoking history

(only 10% of the cases are reported in non-smokers). It often

occurs in advanced stages, presenting a poor prognosis, with a

median survival of 4–7 months (1, 4, 11). The clinical features of

most cases present with non-specific symptoms such as cough,

dyspnea, and hemoptysis (11). Some cases present with related

signs like the superior vena cava syndrome (12) and distant

metastasis; in particular, skeletal metastases are common (13).

Recurrent pleural effusions or empyema can accompany pleural

masses (14). Only one asymptomatic case has been reported, in a

smoker during a routine chest X-ray (15).

Among thoracic SMARCA4-UTs, the involvement of the

mediastinum, pulmonary hilum, lung, cervical-subclavian

lymph nodes, and/or pleura is common with or without chest

wall invasion. The common imaging findings of SMARCA4-UT
FIGURE 3

Treatment timeline and therapeutic response.
B C D

E F G H

A

FIGURE 2

Pathological features of SMARCA4-UT. (A) Stained with hematoxylin and eosin. Immunostaining was negative for SMARCA4 (B), and partly or
focally positive for SMARCA2 (C), CK8/18 (D), CKpan (E), SOX (F), and Syn (G). Programmed cell death ligand 1 (PD-L1) staining (H).
Magnification, 100×.
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presented as ill-defined, large, and compressive masses,

especially in the mediastinum, but the primary lung tumor

may rarely be small (1). Metastases are frequent at

presentation with adrenal, bone, and brain involvement (16).

In rare cases, there are unilateral, multifocal, or single masses

involving the visceral and parietal pleura, occasionally extending

to the soft tissue of the chest wall. An isolated chest wall tumor

(14) and axillary lymphadenopathy (17) are rare conditions. In

our present case, metastases were present in the pericardium and

the pleura, and it is the first reported case to show the

involvement of the pulmonary artery. As a result, we suggest

that imaging findings of an infiltrative, compressive,

heterogeneous, ill-defined, large thoracic mass should be

suspicious for SMARCA4-UT.

Histologically, SMARCA4-UT consists of undifferentiated

sheets of relatively homogenous, incohesive tumor cells with

prominent nuclei and vesicular nucleoli. There may be

uniformly epithelioid and rhabdoid cells with abundant

eosinophilic cytoplasm and high mitotic rates in tumor cells.

The complete loss of Brahma-related gene-1 (BRG1), which is

encoded by the SMARCA4 gene, is typical, and 25% of the cases

show a severe reduction of expression (11, 17, 18). Most cases

show loss of SMARCA2 (BRM) staining (19). A variety of low-

molecular-weight cytokeratins, epithelial membrane antigens,

and neuroendocrine markers are also present in the tumors.

CD34, SOX2, and/or SALL4 are also expressed in many cases.

Across all cases, SMARCA4mutations are homozygous with loss

of heterozygosity (10). The ATPase subunits of the SWI/SNF

complex are encoded by the SMARCA4 gene (17). A loss of

BRG1 leads to a failure of the ATPase-dependent eviction of

polycomb recessive complexes, resulting in chromatin

reorganization, as well as changes in the levels of gene

expression that likely contribute to tumorigenesis. BRM

deficiency may potentiate sarcomatoid transformation and

epidermal mesenchymal transition (20). In general, the clinical

presentation and radiological features of SMARCA4-UT are

non-specific. It is essentially a clinicopathological diagnosis.

The current study on therapy for a new and challenging

tumor entity is fragmented (21). Most cases present are generally

resistant to chemotherapy and radiotherapy (19). In some

surgically resectable cases, radical surgical excision has led to

remission (5, 15). Novel treatment strategies are awaited,

including immune checkpoint inhibitions (ICIs). ICIs had

shown promising effects in some cases. Our literature review

indicated that seven other cases have used immunotherapy for

the treatment of SMRACA4-UT (4, 6–8, 15). In both low and

high PD-L1 expression and effector T-cell signatures,

immunotherapy has been shown to improve progression-free

survival (PFS). The clinical data of patients under the treatment

of immunotherapy are summarized in Table 1. The patients’ age

ranged from 41 to 73 years, and the data exhibited a female-to-
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male ratio of nearly 1:1. All the patients had advanced-stage

diseases. The longest PFS exhibited was more than 17 months,

which was with ABCP treatment (7). In one case, renal

dysfunction and respiratory failure progressively worsened in

the patient, who died 25 months after the initial diagnosis (8).

Six of seven cases combined immunotherapy with other

treatments such as chemotherapy, radiotherapy, and even

surgery (4, 7, 8, 15). A combination of pembrolizumab and

ipilimumab produced mixed results in one study, which is the

first case to use dual ICI combination therapy for SMARCA4-

UT with PD-L1 overexpression (100%) (8). Only one case was

given pembrolizumab monotherapy as a first-line treatment and

demonstrated a sustained durable PR response after eight

cycles (6).

The mechanisms that determine the efficacy of

immunotherapy are yet to be fully elucidated. A growing body

of evidence suggests that PD-L1 and TMB expression play a role

in this disease (10, 22). Three studies on respective patients

showed improvement after treatment of PD-1 antibody

(pembrolizumab) or PD-L1 antibody (atezolizumab) in

patients with high PD-L1 expression (>50%) (6–8). Of note,

three cases that did not express PD-L1 exhibited PFS longer than

10 months (4, 5, 7), and a sustained PR response with no adverse

events was demonstrated. These cases suggest that there may be

therapeutic effect regardless of the expression of PD-L1 and

TMB. However, due to the limited number of cases, TMB and

PD-L1 expression cannot yet be used as independent predictors

of prognosis, and, therefore, further studies and exploration

are required.

In one of these cases, although TMB and PD-L1 TPS were

high, PFS was still the shortest with a combination therapy of

ABCP and radiotherapy (8). Schoenfeld et al. (22) have evaluated

the genomic context of SMARCA4 alterations, which showed

that SMARCA4 alterations often co-occur with TP53(56%),

KEAP1(41%), STK11(39%), and KRAS (36%) alterations in

lung cancer. Co-occurrence of STK11 and KEAP1 mutations in

SMARCA4-mutant NSCLC was associated with decreased

survival. Further evaluation of factors that predict outcomes to

ICIs revealed that SMARCA4-mutant tumors with STK11 and

KEAP1 mutations have a poor prognosis and lack of response to

ICIs in KRAS-mutant tumors. Further research by Marinelli

et al. (23) has indicated the KEAP1 mutation is associated with

resistance to immunotherapy in lung adenocarcinoma despite

the high TMB. This may suggest that the poor efficacy of

immunotherapy in cases with high tumor mutational burden

and PD-L1 expression may be related to KEAP1 mutation. In

contradiction, in our case, response was rapid despite KEAP1

mutation detection. Overall, the role of KEAP1 mutation in

SMARCA4-UT remains unclear.

In our case, the tumor presented as a large compressive

mass and is the first reported case to involve the pulmonary
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artery, pericardium, and pleura without extrathoracic

metastasis. This case also showed overexpressed PD-L1 TPS

of 90% and remarkably high TMB (29.93/Mb). It is the first

reported case to receive Tislelizumab monotherapy with

considerable and rapid improvement in clinical condition.

Following seven courses of PD-1 inhibitor therapy, a CT scan

demonstrated a sustained durable partial response with no

adverse events.

In conclusion, the diagnosis of SMARCA4-UT is

sometimes challenging. A multidisciplinary approach to

diagnosis is essential, including clinical, radiologic,

pathologic, and genetic factors. Our findings support the fact

that ICIs may be beneficial, especially in patients with high

PD-L1 expression and TMB. It is necessary to conduct

further studies to optimize novel therapeutic approaches and
Frontiers in Oncology 05
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to clarify whether ICI monotherapy or combination therapy

is appropriate.
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TABLE 1 Clinical data for patients with SMARCA4-UT on the therapy of immunotherapy.

No. Age
(Y)/

gender

Smoking
status

Lesion location TMN PD-
L1
TPS
(%)

TMB
(/Mb)

Mutation Treatment Outcome
(follow-up)

Henon
et al. (4)

1 58/F Unknown Mediastinal, hilar and paratracheal
involvement, along with pleural and
peritoneal metastases

IV 0 Remarkably
low

Unknown Radiotherapy+
chemotherapy+
pembrolizumab

11 months PR to
March 2019

Kunimass
et al. (5)

2 51/M 22.5 pack-
years

Right lung upper lobe with soft tissue,
vertebral invasion and pleural

IVA 0 10.2 SMARCA4
(L1161fs),
TP53
(V157L)

ABCP + surgery 9 months PR
after surgery to
August 2021

Kohichi
et al. (6)

3 69/F Unknown Left mediastinal tumor, peritoneal and
retroperitoneal dissemination and
multiple
cutaneous metastases

IV 60 Unknown Unknown Pembrolizumab 8 cycles of PR to
September 2019

Kawachi
et al. (7)

4 73/F 53 pack-
years

Left upper lobe, mediastinal
lymphadenopathy and osteolytic
metastasis in the fifth cervical vertebra

IVB 40 11 SMARCA4
(c.1119-
1G>T),
TP53,
SPTA1,
CHD2

ABCP Progressed after
17 months of PR
to 2021

Kawachi
et al. (7)

5 59/M 39 pack-
years

Left lower lobe, an oropharyngeal
mass, left adrenal gland mass, left
cervical lymphadenopathy, left hilar
lymphadenopathy and multiple
abdominal lymphadenopathies

IVB 0 11.8 SMARCA4
(K755Nfs),
TP53, TSC2

ABCP Progressed after
10 months of PR
to 2021

Kawachi
et al. (7)

6 64/F 44 pack-
years

Left upper lung lobe, mediastinal
lymphadenopathy and a brain mass in
the left parietal lobe

IVB 80 14.9 SMARCA4
(H103Mfs),
TP53,
SPTA1,
TSC2,
KEAP1

ABCP+
Radiotherapy

Progressed after
7 cycles of PR
and 2 months
maintenance
therapy to 2021

Anžiča
et al. (8)

7 41/M Current
smoker

Upper anterior mediastinum
encompassing infracarinal and hilar
lymph nodes.

IV 100 674SNV
and 47
indels

CDKN2A
(p.T18fs),
SMARCA4
(p.K1334fs)

Pembrolizumab
+ ipilimumab +
chemotherapy +
radiotherapy

25 months to
death
ABCP, atezolizumab, bevacizumab, paclitaxel, and carboplatins.
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Case report: EML4::NTRK3 gene
fusion in a patient with
metastatic lung
adenocarcinoma successfully
treated with entrectinib
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Federica Pedica2, Ana Maria Samanes Gajate3,
Alessandra Bulotta4, Vanesa Gregorc1* and Maria Giulia Cangi2

1Candiolo Cancer Institute, Fondazione del Piemonte per l'Oncologia (FPO)-IRCCS, Turin, Italy,
2Department of Pathology, IRCCS San Raffaele Scientific Institute, Milan, Italy, 3Department of
Nuclear Medicine, IRCCS San Raffaele Scientific Institute, Milan, Italy, 4Department of Oncology,
IRCCS San Raffaele Scientific Institute, Milan, Italy
Rearrangements involving the neurotrophin kinase (NTRK) genes NTRK1,

NTRK2 and NTRK3 with different fusion partners have been observed in both

adult and pediatric solid tumors. Larotrectinib and entrectinib have been the

first tumor-agnostic compounds approved for the treatment of NTRK fusion-

positive tumors. Here, we report the first case of a female patient with a

diagnosis of stage IV lung adenocarcinoma harboring the EML4::NTRK3 gene

fusion, and successfully treated with entrectinib.

KEYWORDS

NSCLC, NTRK, EML4::NTRK3 fusion, entrectinib, NGS
Introduction

Lung cancer is the leading cause of cancer deaths worldwide (1). Non-small cell lung

cancer (NSCLC) accounts for approximately 80% of cases. In the last decade, the growing

knowledge of NSCLC tumor biology and the identification of targetable molecular

alterations provided new tools to develop tailored medicine and improve significantly

patients’ prognosis (2). Different molecular alterations, which are susceptible to targeted

inhibition, have been identified in patients with NSCLC, especially in the subgroup with

adenocarcinoma (2). These efforts have been translated into overall survival

(OS) prolongation.

Rearrangements involving the neurotrophin kinase (NTRK) genes NTRK1, NTRK2

and NTRK3 with different fusion partners have been observed in adult and pediatric solid
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tumors. Larotrectinib and entrectinib have been the first tumor-

agnostic compounds (i.e. drugs targeting molecular alterations

regardless of the tumor histotype and localization) approved for

the treatment of NTRK fusion-positive tumors (3). Due to the

low frequency of NTRK rearrangements, both compounds have

been evaluated in phase I and phase II basket trials.

Here, we report the first case of a female patient with a

diagnosis of stage IV lung adenocarcinoma harboring the

EML4::NTRK3 gene fusion, and successfully treated

with entrectinib.
Case details

A 45-year-old non-smoking female patient received a

diagnosis of stage IV lung adenocarcinoma on March 2021

with pleural, bilateral lung lesions and the involvement of

mediastinal lymph nodes, the sternum and the right pubic

symphysis (Figure 1A). The magnetic resonance (MR) of the

column showed the presence of metastases in the vertebral body

of T9, from T6-T7 up to T9-T10, and dural enhancement

anteriorly to the spinal cord of T8. The brain MR showed at

least 12 lesions at sub and supratentorial sites (Figure 1B). To

obtain a diagnosis, the patient underwent video-assisted

thoracoscopic surgery with the identification of multiple

alterations in the parietal, diaphragmatic, mediastinal, and

visceral pleura. Histologic diagnosis described multiple
Frontiers in Oncology 02
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localizations of acinar and solid adenocarcinoma (grade 2) of

the lung (Figure 2A). Targeted next-generation sequencing

(NGS) analysis across 161 of the most relevant genes

implicated in cancer was performed using the Oncomine™

Comprehensive Assay v3 panel (Thermo Fisher Scientific) as

previously described (4). The EML4::NTRK3 gene fusion was

identified (EML4 exon2-NTRK3 exon14), and confirmed by

both fluorescence in situ hybridization (FISH) analysis, using

ZytoLight SPEC NTRK3 Dual Color Break Apart and ZytoLight

SPEC EML4 Dual Color Break Apart (Figures 2B, C, and

immunohistochemistry staining with panTRK antibody

(Roche) (Figure 2D). The same OCAv3 NGS analysis

performed on matched normal tissue of the patient did not

detect germline alterations.

Based on such findings, entrectinib was started.

Whole brain radiotherapy was avoided because the patient

had no neurological symptoms, there was no evidence of edema

in the brain MR, the number of brain lesions did not support the

use of stereotactic radiosurgery and data from literature

suggested the efficacy of entrectinib to cross the blood-

brain barrier.

The PET scan (Figure 3) and the brain MR performed two

months following the beginning of treatment showed a partial

response. Treatment is currently ongoing. The brain MR and the

PET scan performed recently documented a complete radiologic

regression. In Figure 4, a summary of the patient ’s

clinical history.
BA

FIGURE 1

(A) PET scan at baseline showing the presence of lesions at the lung and the and mediastinal lymph nodes; (B) Magnetic brain resonance at
baseline showing the presence of multiple brain metastases.
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Discussion

NTRK gene rearrangements are observed in different types

of solid malignancies. They are the result of intrachromosomal

or interchromosomal rearrangements between the 3’ portion of

NTRK1, 2, 3, which includes the tyrosine kinase domain, and

the 5 ’ port ion of mult ip le di fferent genes . NTRK

rearrangements are considered agnostic tumor markers,

observed in less than 1% of patients with solid malignancies.

They are identified at a high frequency in rare tumors,

including congenital infantile fibrosarcoma, congenital

mesoblastic nephroma, secretory breast carcinoma, and

mammary analog secretory carcinoma the salivary gland, and

at very low frequency, in more common cancers, including

NSCLC, melanoma, thyroid, esophagus, gastric or colorectal

tumors (5, 6).

Retrospective data from 295676 adult and pediatric patients

identified NTRK rearrangements in 45 tumor types and 134

different histologies (7). At least 88 rearrangements with
Frontiers in Oncology 03
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different fusion partners have been described, being ETV6::

NTRK3 the most common, accounting for 60% of the cases

(6). In NSCLC, NTRK rearrangements are found in less than 1%

of patients, mainly in those with adenocarcinoma, but also in

squamous carcinoma and large cell neuroendocrine tumors,

with a variable smoking history. Here we describe for the first

time the identification and characterization of an EML4::NTRK3

fusion in a patient with lung adenocarcinoma. NTRK3 fusions

are highly enriched in patients with congenital mesoblastic

nephroma, congenital fibrosarcoma, and secretory breast

carcinoma. The fusion EML4::NTRK3 has been described in

two cases of infantile fibrosarcoma, one case of congenital

mesoblastic nephroma (8), one patient with thyroid carcinoma

(9) one 9-month old boy with congenital fibrosarcoma (10) one

patient with uterus fibrosarcoma (11), two cases with colon

cancer (12) and one patient with dermatofibrosarcoma

protuberans (13). In carcinomas, EML4::NTRK3 has been

observed in two colon adenocarcinoma (12), and two thyroid

carcinomas (9).
FIGURE 2

(A) Hematoxylin and eosin staining of acinar and solid adenocarcinoma grade 2 of the lung; (B, C) Interphase dual color break apart FISH using a
NTRK3 probe (B) and a EML4 probe (C) displayed one normal orange/green fusion signal and one single orange signal and one single green
signal in the majority of the neoplastic nuclei, indicating a rearrangement of both NTRK3 and EML4; (D) Immunohistochemistry staining with
panTRK antibody (Roche).
frontiersin.org

https://doi.org/10.3389/fonc.2022.1038774
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lazzari et al. 10.3389/fonc.2022.1038774
Larotrectinib and entrectinib have been the first compounds

approved for the treatment of NTRK positive patients

irrespective of the histology (14–16).

Larotrectinib is the first-in class NTRK inhibitor. Its safety

and efficacy were initially explored in a phase I dose escalation

study, enrolling 70 patients with metastatic solid tumors (15).

The presence of NTRK fusions was not an inclusion criterion to

enter the trial, and eight patients only carried NTRK fusions.

Among these, one patient had a diagnosis of lung

adenocarcinoma. Objective responses (ORR) were observed in

seven out of eight patients harboring NTRK fusions and in one
Frontiers in Oncology 04
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case with NTRK1 gene amplification. Larotrectinib was further

investigated in another phase I study, including 55 NTRK

fusion–positive patients. Among these, four had a diagnosis of

NSCLC (17). An ORR of 75% was registered. A pooled analysis

included data from three phase I/II clinical trials, enrolling 159

patients with solid tumors and NTRK fusions (15). Twelve of

these had a diagnosis of NSCLC, and 13 had brain lesions. Six of

the patients with NSCLC had brain metastases. Twenty-two

percent of the patients enrolled were naive from previous

therapy, 30% had received at least one line of chemotherapy,

and 47% at least two lines of previous treatments. An ORR of
BA

FIGURE 3

PET scan showing a partial response following 2 months of therapy.
FIGURE 4

Timeline showing the clinical history of the patient.
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79% was observed. Among the patients with brain lesions, three

cases had measurable intracranial disease. Larotrectinib

determined a complete response in one patient, in the other

two a partial response (46% reduction in target tumor size) and a

stable disease (14% reduction in target tumor size). Similarly to

larotrectinib, the more recent FDA/EMA approved entrectinib

was investigated in phase I and II studies. Entrectinib inhibits

TRKA, TRKB, TRKC, ROS1 and ALK, and was specifically

designed to cross the blood brain barrier. Its safety has been

initially evaluated in two phase I trials, the ALKA-372 -001 and

the STARTK-1, which showed the good tolerability of the drug.

Among the patients enrolled, four carried NTRK-fusions. Based

on the dramatic radiologic response observed in this subgroup of

patients, the phase II basket STARTRK-2 study was designed to

include a cohort of patients harboring NTRK-fusions. A pooled

analysis, from the ALKA-372–001, the STARTRK-1, and the

STARTRK-2 trials, enrolling 54 patients with metastatic solid

tumors carrying NTRK fusions was subsequently published (18).

Co-primary endpoints were ORR, intracranial ORR and the

duration of response. Secondary endpoints included progression

free survival (PFS), overall survival (OS), clinical benefit rate,

time to central nervous system progression and safety. Among

the patients enrolled, ten had a diagnosis of NSCLC. Thirty-

seven percent were naive from previous treatment, 20% had

received one line of therapy, 42% more than two lines. An ORR

rate of 57% with a median duration of response of 10.4 months

and a median PFS of 11.2 months were registered. In patients

with NSCLC, an ORR of 70% was observed. An updated

analysis, including 121 patients with 14 tumor histologies, was

recently published (19). Among these, 40% had received ≥2 prior

lines of therapy, 30% were naive from previous treatments, 20%

had brain lesions, and 18% had a diagnosis of NSCLC. An ORR

of 81% and 61% was evidenced in naive and pre-treated patients,

respectively. A comparable percentage of ORR was observed in

patients with NTRK1 and NTRK3 gene fusions (54.2% and

70.2%, respectively), while tumor reduction was shown only in

one patient carrying NTRK2 fusion. A median duration of

response of 20 months was observed, with a median PFS of

13.8 months and a median OS of 33.8 months. In the subgroup

of 22 patients with NSCLC, an ORR of 63.6, with a median

duration of response of 19.9 months and a median PFS of 4.9

months was evidenced. Treatment was well tolerated. The

majority of the adverse events registered were of grade 1, the

most common being dysgeusia, diarrhea, fatigue and weight

increase. Among grade≥3 adverse events, weight gain (8.3%),

anemia (5.2%) and fatigue (4.7%) were those more frequently

observed. Serious adverse events were reported in 12.4% of the

patients, including dizziness and cognitive disorder. Five deaths,

potentially related to entrectinib, were registered. All the events

were of cardiovascular nature. In approximately 20% of the

patients, a dose reduction occurred.

Data from in vitro studies comparing entrectinib to

larotrectinib showed that entrectinib is a weak P-gp substrate,
Frontiers in Oncology 05
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thus suggesting its increased efficacy in terms of central nervous

system exposure (20). Entrectinib determined an intracranial

ORR of 63.6% with a median intracranial duration of response of

22.1 months and a median intracranial PFS of 19.9 months in

patients with measurable brain lesions included in the pooled

analysis (19). The median time to central nervous system

progression was 30.2 months.

These findings have opened new questions, whether

withholding brain radiation in patients with brain lesions carrying

targetable alterations amenable to inhibition with agents that

penetrate the blood-brain barrier and result in significant control

of brain disease. This represents a significant challenge, especially

considering that whole brain radiotherapy might decrease cognitive

function and reduce memory in patients who have a high

probability of extended survival despite the diagnosis of brain

metastases. Furthermore, the use of more effective therapies and

the extended survival we have observed in patients with NSCLC

thanks to the introduction of molecularly targeted therapies may

increase the probability of CNS metastases, thus highlighting the

need to design compounds able to cross the blood brain barrier and

reduce the risk of brain progression. The deeper understanding of

tumor biology, the introduction of next generation sequencing as a

tool to molecularly classify patients, and the up-coming of next

generation targeted agents, designed to penetrate the blood brain

barrier, prevent brain progression, and better control disease at

brain sites, will impact on the therapeutic strategy of patients with

stage IV NSCLC. Patients with unstable brain lesions should be

admitted to clinical trials exploring the efficacy of next generation

drugs, even if not treated with radiation.

The presented case highlights the importance of obtaining a

comprehensive characterization of each neoplasia, investigating also

uncommon biomarkers, such as NTRK genes, especially in non-

smokers and young (<50yrs) NSCLC patients, as they can provide

useful targets for personalized therapy. Therefore, it is mandatory to

utilize a reliable diagnostic methodology with high sensitivity and

specificity (21, 22). Given the key therapeutical implication of

NTRK rearrangements, it is crucial to use the best approach for

the detection of tumors harboring NTRK1/2/3 fusions. The most

recognized techniques for NTRK fusion gene detection are

immunohistochemistry, FISH, RT-PCR, and both RNA-based

and DNA-based NGS. Importantly, the assay choice should take

into account the type of tumor, the laboratory resources and clinical

context: in tumors where NTRK fusions are highly recurrent, the

ESMO recommendations (23) suggest the use of FISH, RT-PCR or

RNANGS panels as confirmatory techniques, whereas in testing an

unselected population where NTRK1/2/3 fusions are uncommon,

either front-line NGS sequencing, when available, or screening by

immunohistochemistry followed by sequencing of positive cases

should be performed.

Despite formalin-fixed paraffin-embedded (FFPE)

specimens being routinely used in clinical practice for both

morphological evaluation and molecular characterization, it is

well known that formalin fixation negatively affects nucleic acids
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quality by inducing fragmentation and sequence artifacts that

may impact the downstream assay performance and therefore

the possibility to obtain useful molecular data (24). Particular

attention should be paid to obtaining adequate tissue samples

and to applying standard protocols of fixation and tissue

histologic processing (25), especially when RNA analysis for

gene fusion detection is requested (26).

Nevertheless, tumor molecular characterization may be

challenging because of the lack of adequate tumor cellularity in

the tissue sample. To overcome this issue, it is necessary to

implement in clinical practice the sequencing of circulating tumor

nucleic acids to detect the druggable molecular alterations (27–29)

In conclusion, the EML4::NTRK3 fusion, a rare alteration

and not fully characterized in patients with NSCLC, proved to be

a key target for therapy selection. This report about the efficacy

of entrectinib in our patient, who obtained a complete radiologic

response, is of major relevance as the literature is still very scarce

about the clinical use of this drug, and moreover as it confirms

the importance of molecular classification to guide the

therapeutic strategy and to prolong patients’ survival.
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Case report: BRAF A598-
T599insV mutation as a
potential resistance mechanism
to alectinib in ALK-rearranged
lung adenocarcinoma
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et Clinique, Université Catholique de Louvain, Brussels, Belgium
Anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitors (TKIs) have

improved the prognosis of advanced-stage non-small cell lung cancer

(NSCLC) with ALK rearrangement, but resistance mechanisms limit their

efficacy. We describe the case of a 63-year-old man with a stage cIVA ALK-

rearranged lung adenocarcinoma who developed a BRAF A598-T599insV

mutation as a potential resistance mechanism to alectinib, a second-

generation ALK TKI. He was treated with an association of BRAF and MEK

inhibitors but death occurred twomonths after treatment initiation in a context

of tumor progression and toxicity. Based on this first report of BRAF A598-

T599insV mutation occurring in lung cancer, we discuss resistance

mechanisms to ALK TKIs, implications of BRAF mutation in NSCLC, and BRAF

A598-T599insV mutation in other cancers.

KEYWORDS

ALK rearrangement, BRAF A598-T599insV mutation, lung adenocarcinoma, resistance
to alectinib, non-small cell lung cancer
frontiersin.org01
111

https://www.frontiersin.org/articles/10.3389/fonc.2022.985446/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.985446/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.985446/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.985446/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.985446/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.985446&domain=pdf&date_stamp=2022-11-07
mailto:sebahat.ocak@chuuclnamur.uclouvain.be
https://doi.org/10.3389/fonc.2022.985446
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.2022.985446
https://www.frontiersin.org/journals/oncology


Pasau et al. 10.3389/fonc.2022.985446
Introduction

Lung cancer is the leading cause of cancer-related mortality

worldwide, responsible for 1.5 million deaths per year (1). There

are two histological types: non-small cell lung cancer (NSCLC)

and small cell lung cancer (SCLC), representing ≃85% and

≃15% of cases respectively (2). NSCLC is further divided into

three histological subtypes: adenocarcinoma, squamous cell

carcinoma, and large cell carcinoma, representing ≃40-50%,

≃30%, and ≃10% of cases respectively. In NSCLC, oncogenic

drivers such as EGFR, BRAF V600E, MET exon14, KRAS G12C

mutations, and Anaplastic lymphoma kinase (ALK), ROS-1,

RET, and NTRK rearrangements have been identified and led

to personalized medicine after clinical trials showed that targeted

therapies against these abnormalities improved outcomes as

compared to chemotherapy (3, 4).

ALK rearrangement was discovered in NSCLC in 2007. It

results from an interchromosomal inversion within

chromosome 2’s short arm, leading to ALK’s 3’ end fusion

with Echinoderm microtubule-associated protein-like 4

(EML4)’s 5’ end or, less frequently, another gene (e.g.: KIF5B,

HIP1, TPR, BIRC6). The resulting protein is activated and leads

to cancer development through the activation of downstream

signaling pathways such as the mitogen-activated protein kinase

(MAPK), phosphatidylinositol 3-kinase (PI3K)/protein kinase B

(AKT), and Janus kinase (JAK)/signal transducer and activator

of transcription (STAT) pathways. ALK rearrangement,

observed in 2-7% of NSCLCs, is more frequent in patients

with adenocarcinoma, never/light-smoking history, and

younger age (5, 6).

Crizotinib was the first ALK tyrosine kinase inhibitor (TKI)

evaluated in ALK-rearranged NSCLC. Randomized trials

showed that overall response rate (ORR) and progression-free

survival (PFS) were better with crizotinib than chemotherapy in

first- and further-line treatment of advanced-stage ALK-

rearranged NSCLC. However, resistance mechanisms occur
Abbreviations: AKT, protein kinase B; ALK, anaplastic lymphoma kinase;

BIRC6, Baculoviral IAP Repeat Containing 6; BRAF, v-raf murine sarcoma

viral oncogene homolog B1; EGFR, epidermal growth factor receptor; EML4,

echinoderm microtubule-associated protein-like; FISH, fluorescent in situ

hybridization; HIP1, Huntingtin Interacting Protein 1; JAK , Janus kinase;

KIF5B, Kinesin Family Member 5B; KRAS, Kirsten rat sarcoma viral

oncogene homolog; MAPK, mitogen-activated protein kinase; MEK,

Mitogen-Activated Protein Kinase Kinase 1; MET, hepatocyte growth

factor receptor; NGS, Next Generation Sequencing; NSCLC, non-small cell

lung cancer; NTRK, neurotrophic receptor tyrosine kinase; ORR, overall

response rate; PFS, progression-free survival; PI3K, phosphatidylinositol 3-

kinase; RET, rearranged during transfection; ROS-1, c-Ros oncogene 1;

SCLC, small cell lung cancer; STAT, signal transducer and activator of

transcription; TKI, tyrosine kinase inhibitor; TPR, Translocated Promoter

Region, Nuclear Basket Protein.
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inevitably, responsible for tumor progression. Second-

generation (alectinib, ceritinib, brigatinib, and ensartinib) and

third-generation (lorlatinib) ALK TKIs have therefore been

developed, but also face resistance issues. ALK-dependent

resistance mechanisms consist mainly of mutations in ALK

tyrosine kinase domain (altering kinase conformation and/or

ATP binding affinity and preventing TKI binding) and less

frequently of ALK amplification. ALK-independent

mechanisms include bypass and downstream signaling

activation (6–11).

In this report, we present a BRAF A598-T599insV mutation

as a new potential ALK-independent resistance mechanism to

alectinib in a patient with metastatic ALK-rearranged lung

adenocarcinoma. We also discuss literature related to

resistance to ALK TKIs, BRAF mutation in NSCLC, and BRAF

A598-T599insV mutation in other cancers.
Case presentation

In 2016, a 63-year-old never-smoking male patient, with a

history of resected prostatic adenocarcinoma in 2006, was

diagnosed with a left lower lobe lung adenocarcinoma, stage

cIVA (UICC 7th edition) (cT2a cN3 cM1a (metastases in the

contralateral lung)). While there was no oncogenic driver found

by a DNA Next Generation Sequencing (NGS) panel (Ion Torrent,

ThermoFisher) targeting 22 genes (Supplementary Table 1), further

molecular analyses revealed an ALK rearrangement (score 2+ ALK

expression by immunohistochemistry, confirmation by fluorescent

in situ hybridization (FISH) (38% of analyzed tumor cells were

positive) and by RNA NGS (11.115 reads), which revealed an

Echinoderm microtubule-associated protein-like 4 (EML4) (12)-

ALK (12) fusion) (Figure 1).

In 2016 in Belgium, ALK TKIs were not reimbursed in first-

line and so, the patient initially received cisplatin-pemetrexed

chemotherapy, with partial tumor response observed after three

(Figures 2A, B) and five cycles. Then, pemetrexed maintenance

was initiated but stopped after seven cycles despite stable disease

because of a grade 2 asthenia and a grade 1 renal failure. He

experienced tumor progression 2.5 months after stopping

pemetrexed (Figure 2C).

Crizotinib was initiated in second-line, with partial response

achieved after two months (Figure 2D) and disease progression

observed in the left lung after 5.5 months (Figure 2E). Tumor re-

biopsies showed persistence of an ALK rearrangement (30% of

analyzed tumor cells positive by FISH and 15.431 reads by RNA

NGS) but no resistance mechanism to crizotinib (screening with

a DNA NGS panel (Ion Torrent, ThermoFisher) targeting 22

genes, including ALK exons 22, 23, and 25).

In third-line, the patient received alectinib. Partial response

was observed after two months (Figure 2F), followed by

stabilization until tumor progression after 15 months (increase

of the lesions in the left lower lobe and occurrence of a left
frontiersin.org
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pleural carcinomatosis) (Figure 2G). Tumor re-biopsies revealed

persistence of an ALK rearrangement (24% of analyzed tumor

cells positive by FISH and 16.286 reads by RNA NGS) and

detected a BRAF A598_T599insV mutation (allelic frequency of

11%, screening with a DNA NGS panel (Ion Torrent,

ThermoFisher) targeting 25 genes [the same 22 genes than in

the panels used at diagnosis and at progression on crizotinib,

plus three other genes (Supplementary Table 2)], while there was

no ALK mutation.

Therefore, we did not propose a third-generation ALK TKI

in fourth-line but an experimental treatment associating BRAF

and MEK kinase inhibitors. Unfortunately, the patient died two

months later in a context of tumor progression (Figure 2H) and

toxicity (grade 3 skin rash and amylase elevation). The timeline

of patient clinical history, with tumor evolution and treatments,

is represented in Figure 3.
Discussion

We report here the BRAF A598_T599insV mutation as a

potential new resistance mechanism to alectinib in metastatic

ALK-rearranged lung adenocarcinoma.

After platinum-based chemotherapy, the patient was treated

with crizotinib. Progression under crizotinib was observed after

only 5.5 months and re-biopsies did not reveal any molecular

resistance mechanism. Resistance to crizotinib is usually

acquired (93-95%) and secondary to ALK-dependent or, more

frequently, ALK-independent mechanisms (2/3 cases) (7). ALK-

dependent resistance mechanisms include ALK mutations (the

most frequent ones being L1196M (7%) and G1269A (4%), the

less frequent ones C1156Y/T, L1152P/R, I1151Tins, F1174C/L/

V, G1128A), ALK amplification (7-18%), and loss of ALK

rearrangement (8, 11). ALK-independent resistance
Frontiers in Oncology 03
113
mechanisms include activation of bypass signaling pathways

(e.g.: EGFRmutation and/or amplification, KRASmutation, KIT

amplification, IGF-1R activation, RAS/MEK activation),

histological transformation to SCLC, and epithelial to

mesenchymal transition (EMT) (11).

To overcome these resistance mechanisms to crizotinib,

second-generation ALK TKIs have been developed.

Randomized trials demonstrated their superiority over

chemotherapy after progression on crizotinib, even in the

absence of ALK mutations, which occur only in a minority of

cases (~20%) in this setting (7). Patients progressing on

crizotinib generally remain ALK-dependent despite the

absence of ALK mutations probably because of the low

potency of crizotinib against ALK. However, it is possible that

sequencing panels do not adequately capture low frequency

variants or previously undescribed ALK resistance mutations.

In this context of tumor progression on crizotinib and absence of

a specific resistance mechanism, our patient was treated with

second-generation alectinib. Progression was observed after 15

months. ALK-dependent resistance mechanisms are more

frequent with second-generation (1/2 cases) than first-

generation TKIs and seem to increase with each successive

generation of ALK TKI. The most frequent ALK mutation of

resistance to second-generation TKIs is G1202R (21% post-

ceritinib, 29% post-alectinib, and 43% post-brigatinib). Less

frequent secondary ALK mutations are F1174C/L (17%),

C1156Y (8%), G1202del (8%) post-ceritinib, I1171T/S (12%),

V1180L (6%), and L1196M (6%) post-alectinib, and E1210K

(29%), D1203N (14%), S1206Y/C (14%) post-brigatinib (11).

ALK-independent resistance mechanisms to second-generation

ALK TKIs include alterations in bypass activating pathways

(such as RET fusion, MET amplification, mutation, or

rearrangement, PIK3CA , FGRFR2 , MEK , and NRAS

mutations), SCLC transformation, and EMT (11). Similarly,
FIGURE 1

Pathological and molecular analysis of tumor samples. (A, B). Hematoxylin and eosin (HE) staining shows neoplastic cells with morphological
characteristics of lung adenocarcinoma. (A) Picture magnification: 5x; scale bar: 50 µm. (B) Picture magnification: 10x; scale bar: 50 µm. (C)
Fluorescent in situ hybridization (FISH) reveals an ALK rearrangement (IQFISH break apart DAKO (Omnis)). ALK break-apart FISH utilizes DNA
probes that hybridize to the 3’ (red signal) and 5’ (green signal) regions of the common fusion breakpoint in ALK gene. ALK rearrangement is
identified by splitting of the red and green signals in the nuclei (white arrows) or isolated red signals, as opposed to fused adjacent red and
green signals (yellow arrows). Picture magnification: 1000x.
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FIGURE 2

Chest imaging evolution. (A) Computed tomography (CT) at diagnosis: presence of a left-lower lobe primary tumor (red arrow). (B) CT after
three cycles of cisplatin and pemetrexed in first-line: partial tumor response with decreased size of the primary tumor (red arrow). (C) CT after 7
cycles of pemetrexed in maintenance and then 2.5 months without systemic treatment: tumor progression with increased size of the primary
tumor (red arrow). (D) CT after two months on crizotinib in second-line: partial tumor response with decreased size of the primary tumor (red
arrow). (E) CT after 5.5 months on crizotinib in second-line: progression of the primary tumor (red arrow), appearance of ground glass opacities
(blue arrow), a retro-obstructive condensation in the left lower lobe (red cross), and a nodular lesion in the lingula (green arrow). (F) CT after
two months on alectinib in third-line: partial tumor response with decreased size of the left lower lobe primary tumor (red arrow) and of the
lingular nodule (green arrow). (G) CT after 15 months on alectinib: tumor progression with increased size of the primary tumor (red arrow) and
appearance of a left pleural effusion (area under red dots). (H) Radiography after two months on BRAF/MEK inhibitors in fourth-line: left pleural
effusion (area under red dots).
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third-generation TKI lorlatinib has been developed to overcome

these resistance mechanisms to second-generation ALK TKIs. In

a phase 2 trial with lorlatinib, analysis of plasma and tissues from

198 ALK-rearranged NSCLC patients showed that those with

ALK mutations post-second-generation TKI had higher ORR

than those without (62% vs 32% in plasma and 69% vs 27% in

tissue) (13). While ALK-independent resistance mechanisms

remain sensitive to ALK inhibition post-crizotinib due to

crizotinib’s lower potency, this is no longer the case post-

second/third-generation TKI’s (11).

In our patient, in the absence of an ALK mutation but

presence of a BRAF A598_T599insV mutation at progression on

alectinib, we proposed participation in a phase 1b clinical trial

evaluating a BRAF and a MEK inhibitor in BRAF- and KRAS-

mutated NSCLC and NRAS-mutated melanoma instead of a

treatment with lorlatinib. BRAF mutations are found in 1.5-

3.5% of NSCLCs at diagnosis, almost exclusively in

adenocarcinoma, and are responsible for the MAPK/ERK

pathway activation leading to tumor development and

progression (14). Half of BRAF-mutated NSCLCs have a

BRAF V600E mutation, which is more frequent in light/never-

smokers and, at diagnosis, is mutually exclusive with other

oncogenic drivers such as ALK rearrangement. BRAF V600E-

mutated NSCLC’s treatment consists of a BRAF inhibitor

(vemurafenib or dabrafenib) in association with a MEK

inhibitor (trametinib). The response to BRAF/MEK inhibitors

in presence of BRAF non-V600E mutations is less consistent,

some of them being sensitive to BRAF/MEK inhibitors (e.g.:

BRAF L597 and K601 mutations), while others not (e.g.: BRAF

G464 and G469 mutations) (15). BRAF mutations can also

occur as an acquired resistance to other targeted therapies. and

have only recently been reported as a resistance mechanism to

ALK TKIs. BRAF G15V mutation was first observed in one

among 27 NSCLC patients progressing on second-generation

ALK TKI (3.7%) (7). BRAF mutations were then reported in

circulating tumor cells of 3/14 patients progressing on crizotinib
Frontiers in Oncology 05
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(D587A in one, E586K and I592M in a second, and E586K in a

third patient) (10). BRAF V600E mutation was observed in a

patient with ALK-rearranged lung adenocarcinoma previously

treated with crizotinib and pemetrexed (16). Because BRAF

and/or MEK inhibitors were not available, the patient was

treated with alectinib, but experienced tumor progression after

three months. At time of progression on alectinib, rebiopsies

showed persistence of the BRAF V600E mutation. BRAF V600E

mutation was also found, with an ALK I1171T mutation, in a

patient with ALK-rearranged lung adenocarcinoma progressing

on alectinib after crizotinib (17). The patient died three months

after lorlatinib was initiated. Finally, BRAF V600 mutation was

found in a patient-derived xenograft (PDX) model from a

patient progressing on alectinib (18). Triple combination of

alectinib, dabrafenib, and trametinib effectively and safely

suppressed tumor growth in this PDX model. To the best of

our knowledge, the BRAF A598_T599insV mutation has never

been described in lung cancer before, while only once in

papillary thyroid carcinoma (19) and twice in melanoma (12,

20). Due to the rarity of non-V600E BRAF mutations in cancer,

their clinical significance remains to be established. In this rare

subset of non-V600E BRAF mutations, the BRAF A598-

T599insV mutation is even rarer and its importance in cancer

is unknown. In melanoma, response to BRAF/MEK inhibitors

has been reported, one transient (12) and the other one

complete and durable (20), suggesting that this BRAF

A598_T599insV has an oncogenic role such as the BRAF

V600E mutation through the activation of the MAPK/ERK

pathway. In our patient, we hypothesized that the BRAF

A598_T599insV mutation was a resistance mechanism to

alectinib because it was not present at diagnosis and at

progression on crizotinib but appeared at progression on

alectinib. We therefore treated our patient, after stopping

alectinib, with BRAF and MEK inhibitors instead of lorlatinib.

However, the patient died only two months after this

treatment’s initiation. Failure of the BRAF/MEK inhibitors
FIGURE 3

Timeline graph of patient clinical history, with tumor evolution and treatments. P, tumor progression; PR, tumor partial response; SD, tumor
stable disease; TKI, tyrosine kinase inhibitor.
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may be explained by the fact that the ALK rearrangement was

still present in the tumor biopsies obtained at progression on

alectinib, in addition to the BRAF A598-T599insVmutation,

these two genetic abnormalities activating different signaling

pathways leading to tumor progression. Therefore, as BRAF and

MEK inhibitors do not inhibit ALK and all its downstream

signaling pathways, cells with ALK rearrangement were

probably not controlled by the BRAF/MEK inhibitors

targeting only the BRAF-mutated cells. This is often an issue

in the context of acquired resistance mechanisms to oncogenic

drivers, encouraging the association of multiple targeted

therapies, as previously reported for instance in presence of an

EGFR mutation and a BRAF V600 mutation as resistance

mechanism to the third-generation EGFR TKI osimertinib

(21). Even though this kind of association is interesting from

a theoretical point of view, toxicity may be a problem and is the

reason why we did not consider it in our patient and preferred to

propose him participation in a clinical trial. In the absence of

response to BRAF/MEK inhibitors, it is difficult to confirm that

this BRAF A598-T599insV mutation was a resistance

mechanism to alectinib in our patient. It is indeed possible

that the BRAF mutation was the selection of a preexisting

BRAF-clone by alectinib, even though not identified before.
Conclusion

In a patient with ALK-rearranged lung adenocarcinoma

progressing on alectinib, we detected a BRAF A598-T599insV

mutation, suggesting it as a resistance mechanism to alectinib.

To our best knowledge, the BRAF A598-T599insV mutation has

never been described before in lung cancer. Further research is

needed to determine whether this mutation is a resistance

mechanism to alectinib in lung cancer and what is the best

treatment in this setting.
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Background: The risk of gastrointestinal stromal tumor (GIST) in combination

with other primary malignancies is high, which occurs before and after the

diagnosis of GIST. Primary pulmonary T-cell lymphoma is a rare type of non-

Hodgkin lymphoma.

Case presentation:We report a 53-year-old male patient who was admitted to

our hospital with fever, cough, and expectoration for 2 weeks. Chest computed

tomography (CT) showed a cavitary mass in the left lower lobe with multiple

nodules in the upper lobes of both lungs. The patient had a history of surgery

for small intestinal stromal tumors and was treated with oral imatinib after

surgery. Lung biopsy was diagnosed as lymphomatoid granulomatosis, tending

to grade 3. The pathological diagnosis was corrected by surgery and genetic

testing for lung non-Hodgkin CD8-positive cytotoxic T-cell lymphoma with

Epstein–Barr virus (EBV) infection in some cells. After multiple chemotherapies,

the CT scan showed a better improvement than before. The patient is still

under follow-up, and no tumor recurrence has been found.

Conclusion: Patients with a history of GIST should be monitored for other

malignancies. The clinical symptoms and imaging examinations of primary

pulmonary T-cell lymphoma are not characteristic, and the definite

diagnosis still depends on pathological examination. The patient was

treated with the CHOP chemotherapy regimen after the operation, the

curative effect was good.
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primary pulmonary T-cell lymphoma, primary pulmonary lymphoma, imatinib,
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Introduction

Primary pulmonary lymphoma (PPL) refers to malignant

lymphoma originating from the lymphoid tissue in the lung,

originating from the bronchial mucosa-associated lymphoid

tissue and/or the lymphoid tissue in the lung, and it only

accounts for 0.5-1% of primary lung malignant tumors (1).

The pathological types of PPL are divided into Hodgkin

lymphoma (HL) and non-Hodgkin lymphoma (NHL). Low-

grade B-cell lymphomas are mostly found in NHL, while T-cell

lymphomas are rare (2). Other malignant tumors may occur

before and after the diagnosis of GIST. We report a case of

primary pulmonary T-cell lymphoma after surgery for a small

intestinal stromal tumor.
Case presentation

Clinical diagnosis and treatment

The patient was a 53-year-old Chinese male with no history

of cancer in his immediate family. The patient underwent small

intestinal stromal tumor surgery in June 2020 and was treated

with oral imatinib after surgery. The patient complained that on

April 30, 2021, he had cough and sputum, yellow purulent

sputum, with fever, up to 38.8°C, accompanied by chest

tightness, no obvious chest pain, and no hemoptysis. After 3

days of infusion in the clinic, he went to a local hospital for
Frontiers in Oncology 02
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treatment. Chest CT showed cavity changes in the left lung, left

pleural fluid, and nodules in both lungs. The hospital was given

piperacillin + etimicin + levofloxacin anti-infective treatment for

12 days. The cough and sputum were better than before, but

there was still fever, and bloodshot sputum appeared. For further

diagnosis and treatment, he came to the respiratory department

of our hospital on May 14, 2021. Physical examination: thick

breath sounds in both lungs, and weak breath sounds in the left

lung. Blood routine: C-reaction protein (CRP)158 mg/L, white

blood cell (WBC)3.38×10^12/L, red blood cell (RBC)

3.36×10^12/L, hemoglobin (HGB)99 g/L, lymphocyte (LYM)

0.39×10^9/L, mononuclear cell (MONO)0.74×10^9/L.

Hemoglobin A1C (HbA1c) Test: 7.9%. There is no special

abnormality in liver and kidney function and electrolyte

examination. General bacterial, fungal sputum examination,

tuberculosis and other sputum pathogenic examinations were

negative. Tumor markers AFP, CEA, CA199, and PSA, were all

negative. Electronic bronchoscopy showed mucosal congestion

and edema in the basal segment of the left lower lobe, the lumen

was narrow, and lung lavage was performed. Chest CT

examination was performed on May 16, 2021 (Figures 1A–C).

On May 17, 2021, a lung biopsy was performed for pathological

examination. Symptomatic treatment was given, and a thoracic

surgery consultation was recommended to recommend surgery.

On June 19, 2021, the left lower lung mass and left lower lung

were resected under thoracoscopy, and the left upper lung

nodule was wedge-shaped. The surgical specimens were sent

for pathological examination. They were then sent to the
FIGURE 1

Two CT images of the chest on admission and after treatment. (A–C) A cavernous and fluid-flat mass in the lower lobe of the left lung and
multiple nodules in the upper lobe of both lungs (the largest nodule is shown in the figure), both of which show mild circumferential
enhancement on enhancement scans. (A) Unenhanced period. (B) Venous phase. (C) Pulmonary window. (D) Postoperative changes in the left
lung, with significantly smaller nodules in the upper lobes of both lungs (largest nodule in the figure) than before.
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Department of Pathology, Beijing Friendship Hospital, for

genetic testing of T-cell clone analysis using BIOMED-2 PCR

protocols. A CHOP chemotherapy regimen (ECOG score 0

points, body surface area 1.52 m², cyclophosphamide 1.1

g1day, pyridoxine 70 mg1day, vinorelbine 40 mg1day,

prednisone 100 mg1-5day) was given on August 23,

September 16, October 7, October 27, November 18,

December 7, 2021, at the Department of Hematology of our

hospital, and the CT scan was repeated on October 27, showing

that the patient’s condition improved (Figure 1D). Radiation

therapy was performed in the oncology department of our

hospital from January 4 to January 29, 2022. The patient is

still under follow-up.
Pathological result

Pathological diagnosis on left lung biopsy on May 17, 2021,

showed lymphomatoid granulomatosis, tending to grade 3.

The macroscopic examination of the surgical specimen from

June 19, 2021 (Figure 2) revealed a 4x1.4x1 cm piece of lung

tissue in the left upper lung and a 0.8x0.8x0.7 cm tumor seen in

the lung tissue at a distance of 0.6 cm from the lung resection
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margin. There were many irregular tissues in the left lower lung,

totaling 14x12x4 cm, of which a 9x8x4 cm gray–white, gray–

yellow slightly hard area could be seen. Microscopic findings:

lymphoid cells infiltrated the blood vessel wall in the tumor

tissue, scattered B lymphocytes in the rich T lymphocytes

background, T lymphocytes heteroplasia, mitotic figures were

easy to see, and large necrosis was seen in the center of the

tumor. Immunohistochemistry showed tumor tissue Vim(+),

CD43, CD2, CD3, CD5, CD7, CD4, CD8 lymphocytes (+); CD56

scattered(+), TiA(+), GrB(+), CD20, CD79a and PAX5 scattered

lymphocytes (+); CD10(-), bcl-6(-), Bcl-2(-), Mum(-), C-myc(-),

CD21(-), CK23(-), CD30(-), CD15(-), CK(-), S-100(-), CD1a(-),

langerin(-), CD68, CD163 histiocytes (+); and Ki-67 dysplastic T

lymphocytes were approximately 60% (+). In situ hybridization:

EBER focal, scattered (+). Pathological diagnosis: (left upper

lung nodule) and (left lower lung) T lymphocytes heteroplasia,

lymphoma cannot be excluded; genetic testing is recommended

to exclude T-cell lymphoma. The 2 lymph nodes of Group 9

submitted for examination showed reactive hyperplasia.

Gene detection results: TCRbvb+Jb2 and DB+Jb1/2 showed
monoclonal rearrangement. Pathological diagnosis: pulmonary

non-Hodgkin CD8-positive cytotoxic T-cell lymphoma with

Epstein–Barr virus infection in some cells.
FIGURE 2

Microscopic findings and immunohistochemistry of surgical pathological specimens: lymphoid cells infiltrated the blood vessel wall in tumor tissue,
B lymphocytes scattered in the background of abundant T lymphocytes, and T lymphocytes heteroplasia, with CD8-positive cells as the host. (A, B)
Hematoxylin-eosin staining (×100 and ×400). (C, D) Immunohistochemical results of CD4 (×100 and ×400). (E, F) Immunohistochemical results of
CD8 (×100 and ×400).
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Discussion

There are many reports of other primary malignancies in GIST

patients, ranging from 4.5% to 42.0% (3–8). Pandurengan et al. (6),

in a study of 783 GIST patients, found that other malignancies were

more common in GIST patients than in men and older adults. In

addition, there were more patients with other malignancies before

GIST diagnosis (134 patients) than patients with other malignancies

after diagnosis (52 patients). Prostate cancer and breast cancer were

the most common malignancies before diagnosis of GIST, and

primary malignancies of the lung and kidney were the most

common after diagnosis. In the study of 6112 GIST patients,

Murphy et al. (7) found that the risk of other malignancies was

increased in GIST patients before and after diagnosis. Esophageal

cancer and bladder cancer were most common before diagnosis

GIST, while ovarian cancer and small bowel cancer were most

common after diagnosis GIST. Smith et al. (8) studied 1705 patients

with GIST and found that colorectal cancer was the most common

cancer to develop within 6 months of diagnosis GIST and that the

presence of other malignancies within 6 months of diagnosis GIST

was associated with poorer overall survival. In addition, GIST

outside the stomach or esophagus and old age were more likely

to be complicated with other malignancies.

However, it is unclear whether the presence of other

malignancies in GIST patients is an incidental finding,

surveillance bias or an advance in detection, or a possible causal

relationship (9–13). However, it is unlikely that this is related to

imatinib treatment, as other malignancies were also observed

prior to the diagnosis of GIST, even at a rate comparable to the

rate after diagnosis. At a time when imatinib significantly prolongs

survival GIST (14), targeted surveillance and screening of patients

diagnosed with GIST may be particularly important.

Primary T-cell lymphoma of the lung are rare, although the

risk of GIST in combination with other primary malignancies is

high. The diagnostic criteria for PPL (15) are imaging showing

pulmonary and bronchial involvement without mediastinal

lymph node enlargement; no evidence of lymphoma or

lymphocytic leukemia at other sites outside the lungs and

bronchi; no previous history of extrathoracic lymphoma

diagnosis; and no signs of extrathoracic lymphoma even 3

months after presentation. The imaging presentation of PPL

varies and is highly misdiagnosed. It can be classified as nodular

or mass, pneumonic or alveolar, cornu, interstitial and mixed,

with the nodular mass type being the most common. Most

patients with primary pulmonary T-cell lymphoma present with

symptoms of fever, cough and dyspnea (16).

In this case, the clinical symptoms were nonspecific. The

imaging manifestations were a cavitary mass in the left lower

lobe with multiple nodules in the upper lobes of both lungs. No

extrapulmonary lymphoma was found during the pre- and

postoperative examination of this case, so the diagnosis was

made as primary pulmonary lymphoma. It can be easily

misdiagnosed and need to be differentiated from a lung
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abscess, Wegener granulomatosis (WG), lung cancer, and

pulmonary tuberculosis.

T-cell lymphoma has a poor prognosis, and the T-cell

phenotype is considered an independent and significantly poor

prognostic factor (17). An effective treatment strategy for primary

pulmonary T-cell lymphoma has not been established, but the use

of CHOP chemotherapy regimens has been reported in the

literature (18). The patient, in this case, was treated with a

CHOP chemotherapy regimen postoperatively with good efficacy.
Educational message

The main inspirations from this case are the following: First,

patients with a history of GIST should be monitored for the

possibility of other malignancies. Second, the final diagnosis

of primary pulmonary T-cell lymphoma depends on

pathologic examination.
Conclusion

In summary, we report a case of primary pulmonary T-cell

lymphoma after operation for small intestinal stromal tumor. The

clinical symptoms and imaging examination are not characteristic,

so misdiagnosis can easily occur. The final diagnosis still depends

on the pathological examination. In addition, patients with a history

of GIST should be monitored for other malignancies. The patient,

in this case, was treated with a CHOP chemotherapy regimen after

surgery with good efficacy and is still being followed up.
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express ion in chromophobe rena l ce l l carc inoma: compara t ive
immunohistochemical analysis of kit expression in different renal cell neoplasms.
Am J Surg Pathol (2004) 28(5):676–8. doi: 10.1097/00000478-200405000-00017

13. Sengupta S, Cheville JC, Corless CL, Lohse CM, Heinrich MC, Kwon ED,
et al. Rare expression of kit and absence of kit mutations in high grade renal cell
carcinoma. J Urol (2006) 175(1):53–6. doi: 10.1016/S0022-5347(05)00059-5

14. Blanke CD, Demetri GD, von Mehren M, Heinrich MC, Eisenberg B,
Fletcher JA, et al. Long-term results from a randomized phase ii trial of
standard- versus higher-dose imatinib mesylate for patients with unresectable or
metastatic gastrointestinal stromal tumors expressing kit. J Clin Oncol (2008) 26
(4):620–5. doi: 10.1200/JCO.2007.13.4403

15. Cordier JF, Chailleux E, Lauque D, Reynaud-Gaubert M, Dietemann-
Molard A, Dalphin JC, et al. Primary pulmonary lymphomas. a clinical study of
70 cases in nonimmunocompromised patients. Chest (1993) 103(1):201–8.
doi: 10.1378/chest.103.1.201

16. Yang L, Feng W, Chen C, Zhang X, Zhu Y, Lei W, et al. Primary pulmonary
t-cell lymphoma mimicking pneumonia: a case report and literature review. Exp
Ther Med (2016) 12(1):365–8. doi: 10.3892/etm.2016.3287

17. Chan JK, Sin VC, Wong KF, Ng CS, Tsang WY, Chan CH, et al. Nonnasal
lymphoma expressing the natural killer cell marker cd56: a clinicopathologic study
of 49 cases of an uncommon aggressive neoplasm. Blood (1997) 89(12):4501–13.
doi: 10.1182/blood.V89.12.4501

18. Fisher RI, Gaynor ER, Dahlberg S, Oken MM, Grogan TM, Mize EM, et al.
Comparison of a standard regimen (chop) with three intensive chemotherapy
regimens for advanced non-hodgkin's lymphoma. N Engl J Med (1993) 328
(14):1002–6. doi: 10.1056/NEJM199304083281404
frontiersin.org

https://doi.org/10.1183/09031936.02.00404102
https://doi.org/10.1016/s0003-4975(99)01535-0
https://doi.org/10.1053/j.semdp.2006.09.004
https://doi.org/10.1016/j.neo.2014.12.001
https://doi.org/10.1016/j.neo.2014.12.001
https://doi.org/10.1245/s10434-014-4332-z
https://doi.org/10.1093/annonc/mdq078
https://doi.org/10.1002/cncr.29434
https://doi.org/10.1002/ijc.30231
https://doi.org/10.4065/74.6.543
https://doi.org/10.1053/j.gastro.2003.10.079
https://doi.org/10.1053/j.gastro.2003.10.079
https://doi.org/10.1097/01.pas.0000176433.81079.bd
https://doi.org/10.1097/01.pas.0000176433.81079.bd
https://doi.org/10.1097/00000478-200405000-00017
https://doi.org/10.1016/S0022-5347(05)00059-5
https://doi.org/10.1200/JCO.2007.13.4403
https://doi.org/10.1378/chest.103.1.201
https://doi.org/10.3892/etm.2016.3287
https://doi.org/10.1182/blood.V89.12.4501
https://doi.org/10.1056/NEJM199304083281404
https://doi.org/10.3389/fonc.2022.926121
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Frontiers in Oncology

OPEN ACCESS

EDITED BY

Kohei Fujita,
National Hospital Organization Kyoto
Medical Center, Japan

REVIEWED BY

Francesco Pepe,
University of Naples Federico II, Italy
Jan Von Der Thüsen,
Erasmus Medical Center, Netherlands

*CORRESPONDENCE

Kei Morikawa
mokke@marianna-u.ac.jp

SPECIALTY SECTION

This article was submitted to
Thoracic Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 15 August 2022
ACCEPTED 27 October 2022

PUBLISHED 14 November 2022

CITATION

Morikawa K, Handa H, Ueno J,
Tsuruoka H, Inoue T, Shimada N,
Koike J, Nakamura S, Sato Y and
Mineshita M (2022) RET fusion
mutation detected by re-biopsy 7
years after initial cytotoxic
chemotherapy: A case report.
Front. Oncol. 12:1019932.
doi: 10.3389/fonc.2022.1019932

COPYRIGHT

© 2022 Morikawa, Handa, Ueno,
Tsuruoka, Inoue, Shimada, Koike,
Nakamura, Sato and Mineshita. 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 14 November 2022

DOI 10.3389/fonc.2022.1019932
RET fusion mutation detected
by re-biopsy 7 years after initial
cytotoxic chemotherapy:
A case report

Kei Morikawa1*, Hiroshi Handa1, Junko Ueno1,
Hajime Tsuruoka1, Takeo Inoue1, Naoki Shimada2,
Junki Koike2, Seiji Nakamura3, Yoshiharu Sato3

and Masamichi Mineshita1

1Division of Respiratory Diseases, Department of Internal Medicine, St. Marianna University School
of Medicine, Kawasaki, Japan, 2Department of Pathological Diagnosis, St. Marianna University
School of Medicine, Kawasaki, Japan, 3DNA Chip Research Inc., Tokyo, Japan
Personalized medicine using molecular-targeted drugs to achieve better

therapeutic response and long-term prognosis is common practice for lung

cancer treatment. However, in cases before gene batch tests were available,

medical treatment continued without the detection of rare mutations. We

report a sixty-seven-old year man diagnosed with adenocarcinoma T1cN3M1a,

stage IVA. Initial screening performed 7 years earlier using EGFR mutation and

ALK immunohistochemical tests were negative. Although first-line cytotoxic

combination chemotherapy was remarkably effective, a gradual regression of

the primary lesion was noted. After a recent bronchoscopic re-biopsy, RET

fusion was detected by gene panel test. In addition, we were able to confirm

RET from FFPE specimens obtained from 7-year-old pleural effusion cell

blocks. Subsequent administration of the molecular-targeted drug

selpercatinib, was highly effective for the primary lesion and all metastatic

lesions including brain metastases. We describe a case of RET fusion-positive

lung cancer where molecular targeted therapy and cytotoxic drug showed a

drastic response and long-term therapy was well maintained. Next generation

sequencing was able to correctly diagnose RET fusion mutation using re-

biopsy specimen after going undiagnosed for 7 years.

KEYWORDS

RETmutation detected by re-biopsy case report, genemutation, re-biopsy, RET fusion
lung cancer, selpercatinib
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Introduction

Personalized medicine for lung cancer patients using

molecular-targeted drugs and immune checkpoint inhibitors

has become widespread due to their high response rates and

long-term prognosis (1–3). To date, epidermal growth factor

receptor (EGFR) mutation, anaplastic lymphoma kinase (ALK)

fusion genes, ROS1, BRAF, MET exon 14 skipping mutations,

RET fusion genes and their corresponding molecular-targeted

drugs have been approved by the Food and Drug Administration

(FDA). Furthermore, KRAS mutation, EGFR and HER2 exon 20

insertion and their corresponding molecular-targeted drugs will

soon be available.

However, in cases before gene batch tests were available, the

patient’s medical treatment would have progressed without the

detection of rare mutations. It is presumed that malignancy and

the therapeutic effects of cytotoxic drugs differ depending on the

type of gene mutation (4, 5). Therefore, even in cases with

mutation-positive advanced lung adenocarcinoma, long-term

clinical courses can be maintained without the administration

of molecular-targeted drugs. In particular, even in cases where

the initial treatment was successful, the initial sample might not

be suitable for gene panel testing due to the deterioration of

nucleic acid quality over time. Furthermore, it can be difficult to

select the same location for re-biopsy since the lesion might have

been altered by treatment. Herein, we report a rare case in where

RET fusion was detectable by gene panel test after re-biopsy

seven years after the initial diagnosis. Sequential administration

of the molecular-target drug selpercatinib showed a

drastic response.
Frontiers in Oncology 02
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Case report

A 67-year-old male, never smoker with no remarkable

medical history, was referred to our hospital with a massive left

pleural effusion (Figure 1A). The cytological evaluation of the left

pleural effusion was class V adenocarcinoma, consistent with the

cell block pathological assessment. Pleurodesis using talc dilated

the lungs well, and a 25 × 17 mm nodule at the left S1 + 2a was

presumed to be the primary lesion (Figure 1B). Clinically, he was

diagnosed with adenocarcinoma T1cN3M1a, stage IVA. Initial

gene mutation screening seven years earl ier using

Cobas® EGFR mutation and ALK immunohistochemical (IHC)

tests were negative.

First-line treatment included carboplatin + pemetrexed +

bevacizumab, and although a near complete response (CR) was

obtained after 4 courses, nasal bleeding continued, and only

pemetrexed was administered for maintenance therapy. CR was

achieved over 25 courses of maintenance therapy (Figure 1C),

but treatment was temporarily terminated due to a slight

deterioration of renal function. One year post treatment, CT

showed a slight progression in the primary lesion (Figure 1D),

but the speed of regrowth was slow. One year after the

progression was confirmed by CT (Figure 1E), pemetrexed

monotherapy was resumed, and the primary lesion and lymph

nodes decreased (Figure 1F). However, after 32 courses of

maintenance therapy, a rapid systemic progression was noted.

Due to the primary lesion regrowth (Figure 1G), contralateral

lung metastasis, multiple liver metastases, a right adrenal

metastasis, and multiple brain metastases (Figures 2A, B),

adjustments to his treatment were necessary.
B C D

E F G H

A

FIGURE 1

Sequential images of the primary lesion over 7 years, from the time of the first visit to the introduction of the second treatment.
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Bronchoscopic re-biopsy of the primary lesion revealed

class V adenocarcinoma cytologically, and histological

assessment confirmed this result. Oncomine™ Dx Target Test

confirmed the patient was RET fusion gene-positive, and the

RET inhibitor selpercatinib 240 mg was administered the

following day. On day 13, CT revealed a good systemic

response with all metastatic lesions, including brain

metastases (Figures 2C, D), compared with baseline imaging

(Figure 1H). Selpercatinib with a dose reduction (160 mg/day)

for grade 2 elevated liver enzymes was continued. A high

sensitivity next generation sequencing (NGS) panel system:

lung cancer compact panel, with RNA assay using cytological

brushing solution (6, 7), confirmed the fusion gene KIF5B exon

15; RET exon 12 (K15RET12). We could further confirm RET

from formalin-fixed paraffin-embedded (FFPE) specimens from

7-year-old pleural effusion cell blocks (Figures 3A, B), which

were morphologically similar to re-biopsy sample in terms of

malignant cells with large nucleoli (Figures 3C, D). RNA (1256

ng) was collected from the initial cell block sample, with an

RNA integrated number (RIN) value of 4.8. A K15RET12 fusion
Frontiers in Oncology 03
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peak was detected by single-plex polymerase chain reaction

(PCR) (Figure 3) and NGS assay.

Finally, we provide additional information on PCR and

NGS techniques. SYBR-Green real-time PCR assay with

melting curve analysis was performed to detect RET fusion

detection from archive cellblock sample. KOD SYBR® qPCR/

RT set (Toyobo) was used for reverse transcription and real

time PCR. These assays were performed according to the

manufacturer’s protocols. Non-tumor wild type sample was

assayed in parallel as negative control. Peak call of 78 degree

from melting curve chromatogram is the criteria for the

detection of fusion positive. Moreover, sequence of fusion

boundary was confirmed by NGS sequencing (Illumina

Miseq 150 paired-end) of qPCR product.

Lung cancer compact panel assay was also performed for

archive first diagnostic sample. KIF5b-exon15_RET-exon12

fusion was also detected from this analysis. Moderate signal

intensity of fusion variant was obtained from this assay (70

fusion boundary-positive reads out of 1,335 total sequencing

reads). Lung cancer compact panel assay was performed
B

C

D

A

FIGURE 2

Therapeutic effect of brain metastasis using second-line treatment selpercatinib.
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according to the protocol described previously (8). Limit of

detection of RET fusion detection by lung cancer compact panel

is no more than 1% variant allele frequency.
Discussion

Conventionally, gene mutations have been identified by the

single-plex PCR method for individual gene mutations. The

PCR, which has high sensitivity and specificity, a short turn-

around time, and is relatively inexpensive, has become

widespread mainly for the detection of EGFR. However, with

the discovery of various lung cancer driver genes over the last

five years, it is impractical to test single gene mutations

sequential ly due to time and sample consumption

constraints. In 2017, the gene panel test, Oncomine Dx

Target Test Multi-CDx system (Thermo Fisher Scientific, San

Jose, CA, USA), which can simultaneously evaluate 46 cancer-

related genes, was one of the first NGS panels for non-small cell

lung cancer testing approved by the FDA (9). However, this

batch test requires sufficient amounts of malignant cells in the

collected tissue sample and qualified sample handling.

Moreover, if a significant amount of time has passed since

collection, the sample is often unsuitable for gene panel testing

due to the deterioration of nucleic acid quality. Since the initial

diagnosis in this case was made over 7 years ago, it was

assumed that the nucleic acid quali ty would have
Frontiers in Oncology 04
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deteriorated over that time. Therefore, re-biopsy of the

primary lesion was performed.

This was a rare case where cytotoxic chemotherapy, and

subsequent maintenance therapy, was remarkably effective for

the primary lesion. Generally, progression-free survival for

cytotoxic chemotherapy in advanced-stage gene mutation-

positive lung adenocarcinoma is about 6 months (4, 5), and it

is not often possible to continue treatment for more than one

year. Even when treatment is continued beyond-progressive

disease (beyond-PD), in most cases, treatment adjustments are

unavoidable due to the systemic exacerbation of the disease. The

prognosis for gene mutant lung adenocarcinoma without the use

of molecular-targeted drugs is generally poor, but there are cases

in which cancer development is observed over a very long period

of time. In particular, RET fusion lung cancer has been reported

to show a slower clinical course (10, 11). Hence, as in our patient,

there are a number of cases where rare mutations have not been

detected over long-term clinical courses.

Selpercatinib, similar to other molecular-targeted therapies,

had sufficient systemic effects (12, 13), including brain

metastases (14). In general, first-line treatment for gene

mutation-positive lung adenocarcinoma is the corresponding

molecular-targeted drug; however, this case suggests that the

order of drugs used may be important when aiming for the

longest overall survival by sequence therapy (15). In a phase 3

study of selpercatinib for RET-positive lung cancer, the efficacy

of molecular-targeted drugs, in addition to the therapeutic effects
B

C D

A

FIGURE 3

Pathologic findings from the first diagnostic cell block showed adenocarcinoma in the presence of many lymphocytes (A, B, H&E staining,
original magnification × 400). A re-biopsy sample also showed adenocarcinoma with an alveolar, ductal structure (C, D, H&E staining, original
magnification×200 and×400, respectively). Fusion KIF5B-exon 15; RET-exon 12 was detected by PCR/NGS assay from first diagnostic
specimens, and NGS assay from re-biopsy specimens.
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of cytotoxic drugs will be clarified (16). It is noteworthy that we

were able to detect RET fusion by extracting RNA from 7-year-

old pleural effusion cell blocks, which contained a low

percentage of malignant cells.
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Case report: Rechallenge
with EGFR–TKIs after
immunotherapy in
EGFR–mutated non–small
cell lung cancer with
leptomeningeal metastasis
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Rechallenge of epidermal growth factor receptor-tyrosine kinase inhibitors

(EGFR-TKIs) after PD-1 blockade failure was an effective therapy for non-small

cell lung cancer (NSCLC) patients with resistance to EGFR-TKIs. The third-

generation TKIs, like osimertinib and furmonertinib, can reach higher

concentration in the cerebrospinal fluid (CSF) than other TKIs, and exhibit a

beneficial effect in NSCLC patients with leptomeningeal metastases (LM)

harboring sensitive EGFR mutation. Here, we report that two-stage IV

pulmonary adenocarcinoma patients with LM harboring an EGFR L858R

mutation benefit from the third-generation EGFR-TKIs rechallenge after

immune checkpoint inhibitor (ICI) and anti-angiogenic agent combination

therapy. Complete response (CR) to partial response (PR) of central nervous

system (CNS) response was achieved immediately after the administration of

furmonertinib and osimertinib. We conducted next-generation sequencing

(NGS) and IHC to elucidate the evolution of driver mutations and the

immune microenvironment. In conclusion, these two cases might provide a

therapeutic strategy for further clinical practice. More research was needed to

elucidate the resistance mechanisms and improve current treatment strategies

in EGFR-mutated patients with LM.

KEYWORDS

lung adenocarcinoma, EGFR-TKIs rechallenge, immune checkpoint inhibitor, the third
generation EGFR-TKIs, leptomeningeal metastasis
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Introduction

Although patients with advanced NSCLC harboring drug-

sensitive EGFR mutations benefit from the use of EGFR-TKIs,

most of them progress within 12 months from the start of

treatment due to acquired resistance (1). In addition,

approximately 40% of EGFR-mutated NSCLC patients

present with disease progression in the central nervous

system (CNS), either as brain metastases (BM) or

leptomeningeal metastases (LM) after initial EGFR-TKI

treatment failure (2). LMs are associated with poor

p r o g n o s i s i n N S C LC p a t i e n t s ( 3 ) . A l t h o u g h

underdiagnosed, about 10% of EGFR-mutated NSCLC

patients experience LM during systemic TKI therapy,

leading to dismal outcomes with a median survival of fewer

than 6 months (4, 5). In clinical practice, many physicians

frequently provide a chemotherapy or immunotherapy break

followed by EGFR-TKI retreatment (3, 6). However, the

optimal treatment for patients with EGFR-mutated NSCLC

and LM that develops after EGFR-TKI therapy failure

remains unclear. It is essential to explore the effectiveness

of subsequent EGFR-TKI rechallenges after initial TKI failure

in patients with NSCLC and LM.

In this study, we report two cases to evaluate the effectiveness

of EGFR-TKIs rechallenge in EGFR-mutated NSCLC patients

with LM after TKI failure and interspersed immunotherapy.
Frontiers in Oncology 02
130
Case report 1

A 62-year-old Chinese female without a smoking history was

admitted for a cough in September 2018. A computed

tomography (CT) of the patient’s chest showed a mass in the

right upper lung and diffuse micronodules in both lungs

(Figure 1A). A needle biopsy of the mass revealed lung

adenocarcinoma. Pemetrexed plus cisplatin were started as first

line chemotherapy for two cycles until the disease progressed. CT

examination showed that the right upper lung lesion was enlarged

and the carcinoembryonic antigen (CEA) level was increased.

Then docetaxel and carboplatin were chosen as the second-line

treatments, and stable disease (SD) was achieved. Meanwhile,

subsequent NGS of lung tissue identified the EGFR L858R

mutation and the TP53 exon 8 mutation. PR was achieved after

gefitinib (250 mg once daily) was added to the treatment for two

cycles (Figure 1B). After 9 months, anlotinib (12 mg once daily)

plus gefitinib (250 mg once daily) were initiated for pulmonary

lesion progression, and no mutation was detected in plasma. PR

was observed according to the CT scan (Figure 1C). Seven months

later, re-examined CT suggested multiple metastases in both

lungs, and the blood CEA was higher than before. Considering

the progression of the disease, a pulmonary puncture was

performed to search for drug-resistant genes, but the size of the

puncture specimens was too small to conduct gene testing. For 1

month, empiric osimertinib was administered, but the disease still
A B D E FC

FIGURE 1

CT scans, treatment history, and gene mutation of case 1 at different clinical time points as shown. CT scans results. (A) Chest CT scans of right
lung adenocarcinoma and lymph nodes before first-line treatment. (B) PR was observed after gefitinib was added to the combined
chemotherapy, second-line treatment. (C) The change of lung lesion before and after third-line treatment, anlotinib plus gefitinib. (D) CT scans
before and after two cycles of terriprizumab plus bevacizumab, sixth-line treatment. (E) MRI of the brain. CR of LM was obtained after 1 month
of furmonertinib, seventh-line treatment. (F) The lung and CNS lesions were kept stable until recent follow-up in April 2022. (G) The timeline of
Case 1 treatment history, follow-up diagnostic and gene test results. Numbers indicate the time from the diagnosis of NSCLC. CR, complete
response; PR, partial response; SD, stable disease, PD, progressive disease; CSF, cerebrospinal fluid; CNS, central nervous system; VAF, variant
allele frequency.
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progressed. A lung biopsy was performed again on the right upper

lung lesion and NGSwas performed. The NGS results showed that

EGFR L858R mutation, TP53 exon 8 missense mutation, and PD-

L1 high expression (TPS = 60%), without EGFR T790Mmutation.

Toripalimab combined with albumin-bound paclitaxel was

administered for two cycles. SD was achieved. But due to the

intolerance of chemotherapy toxicity, the treatment regimen was

changed to toripalimab plus bevacizumab. PR was achieved after

two cycles of treatment (Figure 1D). Approximately 12 months

later, she developed dizziness, headache, and vomiting and was

diagnosed with LM based on cranial enhanced magnetic

resonance imaging (MRI) and CSF cytological analysis. DNA

sequencing of CSF and plasma specimens revealed an EGFR

L858R mutation. The EGFR T790M mutation was undetectable.

After 3 days of administration of furmonertinib (160 mg once

daily), the neurological symptoms disappeared completely. After 1

month of EGFR-TKI rechallenge, CR of intracranial lesions was

further confirmed (Figure 1E). The patient had received

furmonertinib for more than 6 months, and no evidence of

malignancy recurrence was found by brain MRI (Figure 1F).

The treatment history and gene test results of this patient are

presented in Figure 1G.
Case report 2

A 49-year-old Chinese male with a smoking history was

admitted to the hospital due to left lung adenocarcinoma with

multiple bone metastases in January 2019. Then two cycles of

pemetrexed plus carboplatin were initiated. SD was achieved in

the pulmonary lesion. However, brain metastasis at the right
Frontiers in Oncology 03
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frontoparietal junction was found by cranial enhanced MRI, and

subsequent NGS of lung tissue identified an EGFR L858R

mutation, without a T790M mutation. Then, the patient

received second-line osimertinib treatment and cranial SBRT

local radiotherapy (DT: 50 Gy/10 F) at the same time.

Progression of lung lesions was observed by chest CT after 6

months. So docetaxel plus bevacizumab was started as the third-

line treatment for 6 months. Subsequently, bevacizumab therapy

was maintained for another 3 months. As pulmonary metastases

and bone metastases progressed, another lung biopsy NGS testing

revealed an EGFR L858R mutation and high PD-L1 expression

(TPS = 80%). The EGFR T790M mutation was undetectable.

Therefore, the patient commenced on four-line treatment with

anlotinib and durvalumab. PR was observed after two cycles

(Figure 2A). But the patient developed a headache, with

vomiting and a static tremor 8 months later. Metastatic

adenocarcinoma cells were observed by IHC and EGFR L858R,

TP53, and KRAS amplifications were obtained by NGS in CSF

samples. Based on contrast-enhanced MRI, LM was indicated.

The osimertinib rechallenge significantly relieved the headache

after one week. Moreover, PR of LM occurred after two cycles of

treatment (Figure 2B). Finally, the osimertinib rechallenge was

maintained for more than 11 months and the patient was still in

close follow-up (Figure 2C). The treatment history and gene test

results are presented in Figure 2D.
Discussion

To the best of our knowledge, this is the first report to evaluate

the efficacy of third-generation EGFR-TKI rechallenge for EGFR
A B

D

C

FIGURE 2

CT scans, treatment history, and gene mutation of Case 2 at different clinical time points as shown. (A) Chest CT scans. PR was observed after
durvalumab plus anlotinib, fourth-line treatment. (B) MRI of the brain. A PR of LM was obtained after two cycles of osimertinib rechallenge.
(C) The lung and CNS lesion kept stable till recent follow-up in April 2022. (D) The timeline of Case 2 treatment history, follow-up diagnostic
and gene test results. The numbers indicate the time from the diagnosis of NSCLC.
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L858R mutated NSCLC patients with LM after immunotherapy.

This report shows that EGFR-TKI rechallenge after ICI failure

provides a prolonged PR in intracranial lesions for NSCLC

patients with LM. Case 2 showed that rechallenge with a

previously administered EGFR-TKI after the onset of LM may

be an effective treatment strategy, not just switching to an un-

administered EGFR-TKI like in Case 1. Besides, the use of CSF as

a liquid biopsy specimen may facilitate precise diagnosis and

personalized treatment for NSCLC with LM.

In our cases, the PD-L1 expression level increased a lot after

EGFR-TKI treatment resistance (Figures 3A, B), and a favorable

response to subsequent immunotherapy was achieved, as

reported by others (7). Because NSCLC patients with EGFR

mutation naïve for EGFR-TKI cannot benefit from

immunotherapy, the efficacy of immunotherapy could be

influenced by tumor microenvironment (TME) changes during

the EGFR-TKI treatment (8). Therefore, EGFR-TKIs and

immunotherapy may have potential synergistic effects.

The mechanisms of efficacy for furmonertinib or osimertinib

rechallenge may be attributed to higher penetration into the CSF

(9), recovery of TKI sensitive tumor clones (10), and the

histological heterogeneity of intracranial lesions.

However, the precise mechanism of EGFR-TKI rechallenge

after immunotherapy failure is unclear. We speculate that two

kinds of cell clones may coexist in our cases: one is the EGFR

mutant clone (the abundance of clones decreased significantly

after TKI treatment, the inferior clone), and the other is the PD-

L1 high expression clone (the adaptive production or increase

after TKI treatment, the dominant clone). After the

immunotherapy, the PD-L1 high-expression clone was at a

disadvantage due to its sensitivity to immunotherapy, while

the EGFR mutant clone was insensitive to or resistant to

immune checkpoint inhibitors. Therefore, the EGFR mutant

clone became the dominant clone and then transferred to the

leptomeninges (cerebrospinal fluid/blood NGS after

immunotherapy resistance also confirmed a significant

increase in EGFR abundance), at which time the sensitivity to

EGFR-TKI may be restored. So, the EGFR-TKI rechallenge

could be effective after immunotherapy failure.
Frontiers in Oncology 04
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Though irAE did not occur in our cases, the potential

toxicity of sequential ICI followed by osimertinib should be

monitored closely (11). More clinical studies are needed to

explore effective therapy for advanced NSCLC with LM after

multi-line treatments.
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Lung carcinoid tumor is one of the major tumors causing ectopic ACTH

syndrome, and the most common clinical treatment is surgical resection of

the lesion. We herein report a suspected pulmonary carcinoid tumor with

difficulty in surgical resection and poor response to drug therapy, which was

successfully treated with radiofrequency ablation combined with intraoperative

biopsy of the lesion. A 48-year-old female patient, with hypercortisolism

(reddening of the face, full moon face, hirsutism, acne, and weight gain)

detected three months ago. Small and high-dose dexamethasone

suppression tests were not suppressed, Cushing’s syndrome was under

consideration. PET-CT examination suggested mild FDG uptake in two

nodules in the anterior basal segment of the lower lobe of the right lung, the

possibility of ectopic ACTH lesions was considered because of the clinical

presentation. Due to difficult surgical approach of the lesion, high risk of

surgery and the patient’s anxiety, CT-guided thermal ablation combined with

puncture biopsy was considered to treat the lesions. Image-guided thermal

ablation can effectively inactivate ectopic ACTH lesions in the lung, rapidly

improve the symptoms of high cortisol, and can be combined with biopsy for

pathologic diagnosis. Therefore, this technique can be considered for treating

pulmonary ACTH lesions that are difficult to resect surgically.
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Introduction

Adrenocorticotropic hormone(ACTH)-dependent

Cushing’s syndrome accounts for approximately 80-85% of

Cushing’s syndrome, of which approximately 20% is caused by

ectopic ACTH syndrome (1). The majority of tumors in ectopic

ACTH syndrome are neuroendocrine tumors, with the most

common tumors being lung carcinoid tumors (21-39%),

followed by small cell lung cancer (3-21%), thymic tumors

(11%), pancreatic neuroendocrine tumors (8%), medullary

thyroid carcinoma (2-11.6%), and pheochromocytoma (5.6%)

(1–3). These lesions secrete adrenocorticotropic hormone

(ACTH), which stimulates adrenal cortical hyperplasia and

produces excess cortisol causing overt Cushing syndrome (4).

In patients who are clinically diagnosed with Cushing’s

syndrome in combination with laboratory tests, hormone

experiments and the evident ectopic ACTH lesions after

imaging, conventional treatments such as drug therapy and

surgical resection are challenging to implement (5, 6). Some

techniques can be used to target the lesions and control systemic

symptoms,such as radiotherapy, chemotherapy, and

radionuclides (5). Still, none of the above techniques can

obtain pathological tissue for pathologic diagnosis. Imaging-

guided radiofrequency ablation has been applied to the

treatment of tumors in various parts of the body, which has

the advantages of precise localization, exact efficacy, minimal

trauma, puncture biopsy can precisely cut and take the material

for small lesions (7–9). Radiofrequency ablation with

simultaneous biopsy for ectopic ACTH lesions in the lung has

not been reported in the literature before.
Patient description

This retrospective study was approved by the Ethics

Committee of the Chinese PLA general hospital. Written

informed consent was provided for this study by the patient.

The female patient, 48 years old, was found to have a reddish

complexion, full moon face, increased fine hair, thin skin three

months ago, weight gain of 5kg in the last month, hypertension

(132/87mmHg), the presence of recurrent sleep disturbances

and emotional instability in the patient.

Laboratory tests revealed hypokalemia (blood potassium

2.26-2.47 mmol/L), decreased bone metabolism (osteocalcin

9.00 ng/ml), vitamin D deficiency (Vit D 10.6 ng/ml). Then

anxiety disorder was considered after the completion of

relevant tests.

The patient was admitted with elevated serum cortisol

(0AM:618.96 nmol/L, 8AM:637.17 nmol/L,4PM:562.20 nmol/

L) and elevated ACTH levels (0AM:19.6 pmol/L, 8AM:20.7

pmol/L,4PM:19.9 pmol/L) on laboratory tests. Urine over 24

hours to measure free cortisol (2178.9 nmol), ACTH rhythms

disappeared and were not suppressed by the low-dose
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dexamethasone suppression test (ACTH25.1 pmol/L, serum

cortisol 756.42 nmol/L) or the high-dose dexamethasone

suppression test (ACTH16.4 pmol/L, serum cortisol 402.35

nmol/L). The consideration of ectopic ACTH syndrome

was indicated.

The patient underwent an enhanced CT chest-scan, which

showed a nodular shadow in the basal segment of the right lower

lobe with significant enhancement. Meanwhile, chest images

showed only slight thickening of the bilateral adrenal glands

without obvious signs of hyperplasia. The patient underwent
68Ga- DOTATATE (Figure 1), and 18F-FDG PET-CT. 68Ga-

DOTATATE PET-CT did not show significant uptake while 18F-

FDG PET-CT showed mild radiotracer uptake (standard uptake

value 2.2 g/ml).

Considering laboratory tests, typical clinical symptoms and

complex location that is not suitable for surgery, after

multidisciplinary discussions, the decision was made to

perform radiofrequency ablation and biopsy to treat the lesion

and confirm whether it was an ESA.

Symptomatic treatment, potassium supplementation, and

antidepressant therapy were administered according to the

patient’s clinical symptoms, but the clinical symptoms did not

improve. Due to the complex location of the lesion, surgical

resection was more traumatic, and the patient resisted;

tracheoscopy was challenging to reach the location of the

lesion for biopsy. Informed consent was obtained after

consultation with the patient and family, CT-guided

radiofrequency ablation combined with biopsy was used to

treat the lesion. Because of the patient’s obese body size

(158 cm, 86 kg), a Big bore CT (PHILIPS, Big bore 85 CM)

was used as the guiding device, along with a Medtronic

radiofrequency ablation system, the matching ablation probes

and Bard biopsy needle kit.

The patient was placed in a lateral position, then the needle

was inserted in the posterior back. The ablation needle and

needle sheath were guided to the lesion under CT guidance using

a stepwise method. The ablation treatment was performed with a

power of 30w after the position was satisfactory and the local

temperature reached 80-110°C. After 3 min, the biopsy needle

was implanted through the matched sheath for tissue cutting.

The ablation situation was observed by scanning every 5 min

during the ablation period. The needle was withdrawn after the

ablation was satisfactory (the width of the surrounding halo sign

around the lesion >the width after adequate ablation (width of

the halo sign around the lesion >5 mm), the needle was

withdrawn. The needle tract was ablated and blocked by

injecting a mixture of snake venom hemagglutinin injection

(Sounaswe, 1 ml) and an absorbable gelatin sponge (Geiloam,

100 mg) through the needle sheath (Figure 2). The patient’s vital

signs, such as heart rate, blood pressure, and oxygen, were

closely monitored during and after surgery. A postoperative

CT scan of the chest was performed to observe complications

such as bleeding, pneumothorax, and air embolism.
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FIGURE 1

(A) Two rounded nodules in the right lower lobe of the lung, with well-defined borders and a diameter of about 6 mm. (B) Significant
enhancement of the nodules in the arterial phase. (C) Coronal image showing the location of the nodules near the heart and diaphragm.
(D) 68Ga- DOTATATE PET-CT did not show significant drug uptake.
FIGURE 2

(A) Under CT guidance, the radiofrequency ablation probes (long arrow) were placed for the two lesions, and local nerve block anesthesia (short
arrow) was performed using a 21G Chiba needle to the diaphragm. (B) A semi-automatic biopsy was used to obtain the tumor tissue from one
of the lesions. (C) A scan was performed after 12 min of ablation with a power of 30 w, showing the formation of a halo sign around the lesion.
(D) After removing the needle and probes, the CT scan showed substantial localized changes in the ablation zone. A small amount of bleeding
from the puncture needle tract with a small amount of pneumothorax on the right side. (E) A follow-up one week after the operation showed a
well-defined solid area in the ablation zone.
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Postoperative hemostatic drugs, analgesic and anti-

inflammatory drugs were routinely used.

Postoperative blood laboratory tests performed at different

time points revealed a significant decrease in cortisol and ACTH

levels compared to preoperative levels (Table 1), and the patient’s

circadian rhythm returned; CT examinations performed at 24 h

and one week postoperatively showed satisfactory ablation of the

lesion, solid localized lesions and surrounding lung tissue. The

puncture pathology results showed: (right lower lobe of the lung)

punctured lung tissue, small focal alveolar epithelial hyperplasia

significant with mild atypical hyperplasia, a few histiocytic

aggregates were seen around. Immunohistochemical results: Ki-

67 (+3%), ALK (Ventana) (-), NapsinA (+), CK7 (+), TTF-1 (+),

CD68 (histiocytes +), ACTH (-).

Based on the patient’s laboratory findings, the dosage of

subsequent therapeutic drugs was gradually reduced, and the

patient’s clinical condition gradually improved.

The presentation of the case report is in line with CARE

guidelines (10).
Results

CT-guided radiofrequency ablation and biopsy of the lesion

were successfully performed. The postoperative follow-up

showed good inactivation of the lesion, significant decrease in

ACTH and cortisol levels, restoration of ACTH-F rhythm, and

improvement of clinical symptoms. The patient has now been

discharged from the hospital with recovery. The pathologic

findings do not currently support the diagnosis of lung

carcinoid. However, considering the clinical manifestations,

laboratory tests and postoperative recovery, we still believe

that this is an ESA. We also wondered if the puncture

obtained less tissue in order to avoid bleeding, which may

have affected the acquisition of accurate pathology.
Discussion

Ectopic ACTH syndrome (EAS) accounts for approximately

20% of ACTH-dependent Cushing’s syndrome (CS) and 10% of

all types of CS. There are two types in EAS. The first one

develops slowly and consists mainly of carcinoid tumor. The

tumor often has small size, low degree of malignancy and long-
Frontiers in Oncology 04
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term course (11, 12). Therefore, it may clinically present with

more typical Cushing syndrome (13). The second one develops

rapidly and consists mainly of small cell lung cancer. The tumor

has a high degree of malignancy, a short-term course and serious

condition. It does not show symptoms of typical Cushing

syndrome. The tumors causing ectopic ACTH syndrome

generally have a good prognosis if they are diagnosed early

and resected completely. So making the clinical diagnosis early is

extremely critical for the guidance of the treatment of this

disease (14).Pulmonary EAS accounts for approximately 45%

of all ACTH ectopic origin sites with an onset. It is often sudden,

severe, and rapidly progressive. If clinical symptoms and

biochemical parameters strongly suggest the possibility of EAS,

it is crucial to find the ectopic source by imaging (CT, MRI/PET)

for the treatment.

Currently, the best clinical treatment for EAS is surgical

resection of the primary tumor that produced the ACTH, with

complete remission in approximately 83% of patients (15).

However, surgical resection in patients with EAS is associated

with higher risks, both in terms of the impact of

hypercortisolism on the surgery and the trauma to the patient

in areas that are difficult to resect, such as lesions adjacent to

large blood vessels in the hilum and large airways. Of course,

bilateral adrenal subtotal resection can be considered,

supplementing the patient with corticosteroid with

corticosteroid replacement therapy. Oral medications may also

be considered to block adrenocortical hormone synthesis, such

as aminoglutethimide (16), ketoconazole (17). But the above two

methods will lower the quality of living.

Therefore, it requires a comprehensive multidisciplinary

discussion of the patient when appropriate therapy such as

radiotherapy, ablation, etc. is used clinically to treat ectopic EAS

lesions (18). As mentioned in PATIENT DESCRIPTION, we

should comprehensively consider the patient’s condition and

choose the appropriate treatment plan. If the lung lesion is

considered to be an ordinary benign lesion after discussion, a

different treatment planmay be given. In addition, the possibility of

performing frozen pathology before ablation was discussed

preoperatively. However, due to the small and deep location of

the lesion, percutaneous puncture biopsy is more difficult and has a

low positive rate, which may even lead to complications such as

bleeding and pneumothorax, affecting the follow-up treatment of

patients. Therefore, after multidisciplinary discussion and

consultation with patients, we chose to perform biopsy during
TABLE 1 Changes in indicators related to Cushing's syndrome in patients after surgery.

Serum cortisol (nmol/L) ACTH (pmol/L) UFC (nmol/24h)

0AM 8AM 4PM 0AM 8AM 4PM

Preoperative 618.96 637.17 562.20 19.6 20.7 19.9 3559.5

5 hours postoperatively 113.85 140.56 85.49 6.76 7.46 7.57 216.1

5 days postoperatively 152.43 441.63 264.85 9.34 10.2 10.9 1499.3
ACTH, adreno-cortico-tropic-hormone; UFC, urinary free cortisol.
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the ablation process to minimize the occurrence of bleeding and

other complications. In fact, there was a small amount of bleeding

around the lesion during the radiofrequency ablation (RFA) needle

placement, which also verified our speculation.

RFA is a procedure in which an electrode probe is precisely

inserted into tumor tissues under imaging guidance (19).

Electromagnetic waves are emitted through a radiofrequency

transmitter to produce oscillatory friction in tumor tissue cells,

resulting in coagulative necrosis of tumor tissues at a

temperature of 60°C-100°C. RF ablation has been widely used

in the clinical treatment of tumor lesions in many body parts,

such as the lung, liver, and kidney (19–21). CT-guided RFA has

the following advantages (1): Precise surgical localization. For

small lesions that are difficult to localize, it is necessary to expand

the resection range to ensure efficacy, which causes excessive

trauma and complications to patients. In contrast, the RF

electrode probe can be precisely localized under CT guidance,

and the error is generally less than 2mm. (2) The diameter of the

RF ablation 17G electrode probe is only 1.4mm, which can be

used for multiple needle punctures during the ablation of

unilateral lung lesions, which is conducive to the inactivation

of tumors while maximizing the protection of lung function; (3)

Real-time efficacy assessment, intermittent CT scan is used

during RFA, which can judge the ablation results in real-time

according to the imaging characteristics and avoid excessive

ablation or incomplete ablation; (4) Compared with other

parenchymal organs, RFA of parenchymal lesions can be

performed in the same way. Compared with RFA of other

parenchymal organs, the gas around the lung lesion can

restrict the heat conduction during the ablation process, and

the energy can be more easily gathered inside the lesion, which

makes the ablation more efficient and effective; (5) When a

biopsy is required, the biopsy needle and RF probe can be placed

at the same time to avoid secondary puncture injury, and the

small blood vessels damaged by the puncture cut can be closed

with RF ablation heating to reduce the risk of bleeding. (6)

Radiofrequency ablation as a local minimally invasive ablation

treatment, combined with other therapeutic methods sometimes

can improve the efficacy, such as radiotherapy, holistic therapy

(depending on genetic test results, choose to use chemotherapy

or molecularly targeted drug therapy) and so on.

The case report we presented helped open our minds about

diagnosis and treatment about ESA.
Conclusion

In conclusion, CT-guided radiofrequency ablation can be

considered for EAS patients with challenging to resect lung

lesions or high surgical risk, and a biopsy can be performed at

the same time to clarify the pathology; thermal ablation can also

be used to treat the lesions to reduce ACTH levels and improve

the safety of surgical resection. Both ablation techniques have
Frontiers in Oncology 05
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been proven to be effective complements to surgery. In general,

image-guided radiofrequency ablation combined with biopsy is

an effective and safe treatment for pulmonary EAS, especially for

lung lesions that conventional techniques cannot treat. It

deserves the clinical promotion.
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Case Report: The first case of
primary pulmonary collision
tumor comprising mixed
squamous cell and glandular
papilloma and glomus tumor

Chan Yang, Shuang Li, Zuoyu Liang and Lili Jiang*

Department of Pathology, West China Hospital, Sichuan University, Chengdu, China
A collision tumor is a rare entity, particularly if occurring in the lung. We report a

case of a 57-year-old woman with a primary pulmonary collision tumor

comprising mixed squamous cell and glandular papilloma (MSGP) and

glomus tumor (GT). An abnormal mass was discovered in the right lung by

computed tomography (CT) of the chest. A right lower lobectomy with

mediastinal lymph node dissection was performed. Histological examination

of the surgical specimen suggested that the lung cancer was composed of two

neoplastic components. To the best of our knowledge, this is the first report of

a primary pulmonary collision tumor comprising two benign tumors of different

origins, which were MSGP and GT.

KEYWORDS

pulmonary collision tumor, mixed squamous cell and glandular papilloma, glomus
tumor, biphasic tumor, histopathology
Introduction

Collision tumors are defined as independent neoplasms comprising two or more

distinct tumor compositions, coexisting in the same site and growing closely to one

another, without any area of intermingling (1). Because of similar histology, collision

tumors must be distinguished from other tumors containing two or more components. 1)

A combined tumor, a neoplasm composed of two histological ly and

immunohistochemically distinct but intertwined cell populations coming from a

common source, has a common driver mutation with environmental impact resulting

in divergent morphology (2, 3). 2) Multiple primary tumors, including more than one

separate neoplasm, arise in obviously different sites and/or occur at different times (4). 3)

A biphenotypic tumor is defined as a tumor that consists of two cell populations, arising

from a common stem cell, and that undergoes divergent differentiation with common
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immunohistochemical properties (5). The occurrence of

collision tumors in the lung is extremely rare than in other

various organ systems. Pulmonary adenosquamous carcinoma is

classified as a collision tumor. By contrast, combined small-cell

carcinoma, combined large-cell neuroendocrine carcinoma, and

carcinosarcoma are classified as combined tumors, and

pulmonary blastoma is classified as a biphasic tumor.

In this study, we reported an extremely rare primary

pulmonary collision tumor comprised of two benign tumors:

mixed squamous cell and glandular papilloma (MSGP) standing

for epithelial element and collision tumor (GT) standing for

mesenchymal element. In addition, the literature about collision

tumors on PubMed was retrieved with the keywords

“pulmonary/lung & collision tumor” and “bronchus/

bronchioles & collision tumor.” With a literature review, we

integrated and summarized the clinicopathological features,

treatment, and outcome of various types of collision tumors.
Case report

A 57-year-old woman, a non-smoker, with a medical history

of type 2 diabetes mellitus was incidentally detected with a

nodulous shadow on a chest radiograph obtained as part of a

routine physical examination. Follow-up observation was

performed and she did not receive any treatment. Three years

later, computed tomography presented a 2.6-cm × 1.8-cm mass

with soft tissue density and smooth margin in the lateral basal

segment of the right lower lobe (Figure 1). The distal bronchi

were slightly dilated and the wall of the bronchial lumen was

thickened in the right lower lung field. Physical examination

showed no evidence of lymphadenopathy or pleural effusion. No

significant metabolic activity can be found in a positron emission

tomography (PET)-CT scan. Except for CA242 (slightly
Frontiers in Oncology 02
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increased), most serum tumor markers were within the normal

ranges. Subsequently, a right lower lobectomy with lymph node

dissection via video-assisted thoracoscopic surgery

was performed.

A gross examination of the resected specimen showed an ill-

d e fi n e d , s o l i d g r a y - w h i t e n o d u l e m e a s u r i n g

1.7 cm × 1.5 cm × 1.2 cm. The visceral pleura and the surgical

margin were not involved. Microscopically, the tumor was a

conspicuous endobronchiolar growth within the dilated

bronchus or bronchiole (Figures 2A, B, whole slide scan). The

tumor showed a well-demarcated border, which was connected

to the normal bronchial walls in some areas (Figure 2B). At low

magnification, the tumor was composed of two different

histological components , including MSGP and GT

(Figure 2C). Although the two kinds of tumor cells were close

to each other, a distinct demarcation between them could still be

found, there were no intertwined components, and a transitional

morphology existed in the neighboring cell populations

(Figure 2D). At high magnification, the component of MSGP

showed a prominent papillary architecture with a fibrous vessel

axis, lined with discrete foci of squamous and glandular

epithelium. The glandular epithelium was composed of a

mixture of ciliated or non-ciliated columnar cells, mucous

columnar cells, and scattered goblet cells (Figure 2E). No

significant glandular atypia, necrosis, or stromal infiltration

could be found, but squamous cells showed mild atypia. The

GT is composed of nests of glomus cells surrounding various

vessels. The uniform tumor cells were small and round, with

inconspicuous nucleoli, lightly eosinophilic cytoplasm, and

sharply defined cell margins (Figure 2F). Mitotic figures were

general ly absent . Al l lymph nodes were negat ive .

Immunohistochemically, the squamous component of MSGP

was positive for CK5/6, P63, and P40, and the glandular

component of MSGP was positive for CK7 (Figures 3A–D).
FIGURE 1

Chest computed tomography shows (A) a nodulous shadow located in the segmentum basale laterale of the right lower lobe measuring
2.6 cm × 1.8 cm in size with a smooth margin and (B) soft tissue density.
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Both components were positive for AE1/AE3 and negative for

thyroid transcription factor-1 (TTF-1) (Figure 3E) and napsin A.

Ki-67 was positive on the basal side of the areas of squamous

epithelial (Figure 3F). GT was diffusely positive for collagen IV

(Figure 3G) and muscle-specific actin (MSA) (Figure 3H),

focally positive for a-smooth muscle actin (a-SMA), weakly

positive for CD56, and negative for caldesmon, calponin, CD34,

ERG, and STAT6. The Ki-67 index was less than 1% (Figure 3I).

Two types of tumor cells were all focally positive for p53 and

negative for S-100, SOX10, synaptophysin (Syn), and

chromogranin A (CgA). Given all this, the tumor was

diagnosed as a primary pulmonary collision tumor comprising

MSGP and GT. There was no evidence of recurrence or

metastasis after 6 months of follow-up.
Discussion

The 57-year-old female patient, despite having a pulmonary

mass, was asymptomatic during her routine hospital visits. When

making a primary diagnosis, based on clinicopathological features,

two types of tumors should be considered: 1) mesenchymal cystic

hamartoma and 2) collision tumor.
Frontiers in Oncology 03
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Mesenchymal cystic hamartoma (MCH) is a rare lung

disease with an indolent clinical course. It is composed of

primitive mesenchymal cells that gradually promote the

formation of nodules and cysts (6). Histologically, these cystic

spaces are lined with normal respiratory epithelium and

surrounded by a proliferation of immature mesenchymal cells

(6). On immunohistochemistry, the epithelial cells are diffusely

positive for AE1/AE3 and TTF-1; the mesenchymal cells are

diffusely positive for vimentin, with a low Ki-67 index of about

1%. It is noteworthy that the mesenchymal cells are negative for

most specifically differentiated markers such as CD31, CD34,

desmin, SMA, myoglobin, S-100, D2-40, etc. (7).

Immunohistochemistry of the tumor in our case revealed the

following results: mesenchymal cells were diffusely positive for

collagen IV, MSA, and CD56 and focally positive for SMA,

which confirmed that the mesenchymal neoplasm is similar to

GT. Meanwhile, the results excluded the possibility of MCH. On

the other hand, epithelial cells were positive for AE1/AE3, CK7,

CK5/6, P63, and P40, indicating MSGP, which is one of the

solitary endobronchial papillomas. Negative staining of TTF-1

in epithelial cells also excluded the diagnosis of MCH.

Except for the combined tumors, multiple primary tumors,

and biphenotypic tumors mentioned in the Introduction, only
FIGURE 2

Pathological findings of the tumor show two distinct histological subtypes. (A) H&E of the whole slide scan showing the well-defined tumor
located in the dilated bronchus or bronchiole and (B) focally connecting to the normal bronchial walls. (C) Lower power H&E (×4) reveals two
distinctly demarcated tumor cell populations (red arrow: epithelial component; blue arrow: mesenchymal component). (D) High power H&E
(×40) reveals that the two components grow closely to each other, but without a transitional zone (line). (E) H&E (×40) of the mixed squamous
cell and glandular papilloma (red arrow: glandular component; blue arrow: squamous cell component). (F) H&E (×40) of the glomus tumor
component.
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seven primary pulmonary collision tumor cases have been reported

in the literature. We can further group these collision tumors

according to their composition: four collision tumors, namely,

malignant melanoma colliding with adenocarcinoma (8), large-cell

carcinoma colliding with adenocarcinoma (9), adenocarcinoma

colliding with typical carcinoid (10), and lymphoepithelioma-like

carcinoma colliding with adenocarcinoma (11), are comprised of

two different epithelial elements (Table 1); and three collision

tumors, namely, squamous cell carcinoma colliding with T-cell

lymphoma (12), epithelioid hemangioendothelioma colliding with

bronchioloalveolar carcinoma (13), and carcinoid colliding with

high-grade spindle-cell sarcoma (14), are comprised of epithelial

and mesenchymal elements (Table 2). As we all know, a collision

tumor composed of two benign entities has not been reported in

the literature.
Frontiers in Oncology 04
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GTs are defined as benign tumors comprising neuromyoarterial

glomera or glomus bodies originating from modified smooth

muscle cells and surrounding arteriovenous anastomosis (15),

which account for less than 2% of soft tissue tumors (16). These

tumors commonly occur in subungual areas and deep dermis of the

extremities where glomus bodies abound and, occasionally, in areas

where glomus bodies are spare or absent, such as the

gastrointestinal tract (17), bladder (18), bone (19), eyelid (20),

cervix (21), ovary (22), thyroid (23), and thorax (24, 25). GTs

rarely originated from the respiratory system, and the trachea is the

more common site among them, with 77 cases reported to date

(26). Originating from the lung is extremely uncommon, with less

than 50 cases (27). Clinically, the symptoms of bronchial or tracheal

GTs were commonly associated with airway irritation, but GTs

occurring in the peripheral lung were generally asymptomatic (28).
FIGURE 3

Immunohistochemical results of the pulmonary collision tumor. Epithelial element stains were positive for (A) CK5/6, (B) P63, (C) P40, and (D)
CK7 but negative for (E) TTF-1. (F) Ki-67 was positive on the basal side of the areas of squamous epithelial, approximately 1%–2%. Mesenchymal
element stains were diffusely positive for (G) collagen IV and (H) MSA. (I) The percentage of Ki-67 expression in the area of glomus tumor cells
was less than 1%.
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GTs of the respiratory tract generally occurred in middle-aged

individuals (29) with no obvious sex predilection, and the

maximum diameter ranged from 0.7 to 9.5 cm (15, 30).

Morphological similarity may misdiagnose primary

bronchopulmonary GT as carcinoid, hemangiopericytoma,

paraganglioma, sugar tumor, or sclerosing pneumocytoma.

Immunohistochemically, typical GTs are positive for SMA, MSA,

h-caldesmon, calponin, and collagen IV. CD34 and desmin are also

expressed focally in some cases, while cytokeratin, EMA, bcl−2,

TTF-1, HMB45, CD117, LCA, CgA, CD31, and S-100 are

invariably negative (31). Among primary lung tumors, GTs are

often misdiagnosed as carcinoid for their cytomorphological
Frontiers in Oncology 05
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features. On immunohistochemical analysis, a carcinoid shows

positivity for neuroendocrine markers, such as CD56, Syn, and

CgA, whereas a GT shows the opposite.

Sclerosing hemangioma is composed of cubic epithelial cells

and circular stromal cells, and all these cells express TTF-1 and

EMA. Paraganglioma is positive for the S-100 protein and

neuroendocrine markers. A sugar tumor is diffusely positive for

HMB45, which is conducive to differentiating it from GT.

Occasionally, epithelioid leiomyoma can show similar histologic

morphology with GT and can also express SMA. However,

epithelioid leiomyoma expresses other smooth muscle markers

including desmin and caldesmon.
TABLE 2 Summary of published pulmonary collision tumors comprising epithelial and mesenchymal elements found in the literature.

Case
no.

Year Author Age/
sex

Location Maximum
diameter
(cm)

Components of pulmonary colli-
sion tumor

Imaging
findings

Treatment Outcome
(follow-
up time)

Epithelial
element

Mesenchymal
element

1 1999 Osamu
Kawashima
(12)

71/F Right lower 4.5 Squamous cell
carcinoma

T-cell lymphoma Mass Right lower lobectomy
with lymph node
dissection and
systemic
chemotherapy for
malignant lymphoma

Death
(7 months)

2 2003 Takahashi
K (13)

59/F Left upper 1.4 Bronchioloalveolar
carcinoma

Epithelioid
hemangioendothelioma

Ill-defined
shadow

Complete lingulectomy No evidence
of
recurrence
(13 years)

3 2011 Corinne Liu
(14)

54/F Right
upper

4.5 Carcinoid High-grade spindle-cell
sarcoma

Well-
defined
mass

Right upper lobectomy
with lymph node
dissection

Bone
metastasis
(18 months)
fro
TABLE 1 Summary of published pulmonary collision tumors comprising two different epithelial elements found in the literature.

Case
no.

Year Author Age/
sex

Location Maximum
diameter
(cm)

Components of pulmonary
collision tumor

Imaging
findings

Treatment Outcome
(follow-
up time)

Epithelial
element

Epithelial
element

1 1993 T.
Ueyama
(8)

61/F Left lower 4 Malignant
melanoma

Adenocarcinoma Irregular
opaque
shadow

Chemotherapy was performed
with DTIC (dimethyl triazeno
imidazole carboxamide) and
interferon

Death
(12 months)

2 2003 Shoji
Nakata
(9)

53/M Right
upper

4.2 Large cell carcinoma Adenocarcinoma Dumb bell-
shaped
mass

Right upper lobectomy with a
mediastinal lymph node
dissection

No evidence
of
recurrence
(16 months)

3 2014 Kamal K.
S. Abb
(10)

70/F Left upper 1.3 Typical carcinoid Adenocarcinoma Hazy
density

Right upper and middle
lobectomies with a
mediastinal lymph node
dissection

Not available

4 2015 Jammy
Kin Iong
Chan
(11)

59/F Left upper 4 Lymphoepithelioma-
like carcinoma

Adenocarcinoma Dumbbell-
like mass

Left upper lung and associated
hilar lymph node dissection
and an EP regimen for four
cycles, and then targeted
therapy with an EGFR-
tyrosine kinase inhibitor

Survival
(12 months)
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Based on the World Health Organization’s (2013)

classification of soft tissue tumors, GTs are divided into

benign GTs, GTs with uncertain malignant potential, and

malignant GTs (32). Previous retrospective studies on primary

bronchopulmonary GTs found that about 74% of cases are

benign, followed by malignant cases, accounting for

approximately 21%, and cases with uncertain malignant

potential account for approximately 5% (15, 30). Given that

malignant GTs have aggressive behavior, with up to 38% of

patients developing metastasis (31) and the possibility of local

recurrence for incomplete extirpation, radical surgical resection

is still essential for long-term prognosis.

Solitary endobronchial papillomas are rare benign pulmonary

tumors occurring in the bronchus, and they were identified in

1998, including squamous cell papilloma, glandular papilloma,

and mixed squamous cell and glandular papilloma (33). The

mixed entity is the rarest, showing a mixture of glandular and

squamous epithelium. Each epithelial type should constitute more

than one-third of the tumor (34). Occasionally, glandular

epithelium can also grow with a micropapillary pattern and

drop into alveolar lumens, which is easy to be misdiagnosed as

micropapillary adenocarcinoma. Misdiagnosis of mucinous

adenocarcinoma usually happens when mucus cell components

are rich. Adenocarcinoma cells have significant atypia, without

basal cells, leading to negative staining for p40 and CK5/6.

The case we presented here where GT collided with MSGP in

the lung has never been reported in the literature. As with other

pulmonary collision tumors that had been described, with no

characteristic clinical features and imaging findings, the primary

diagnosis is difficult (35), which mostly depends on the different

neoplasms of the collision tumor, and the definitive diagnosis

mainly relies on the pathological diagnosis.

The exact pathogenesis behind pulmonary collision tumor

remains unknown. A most widely accepted theory is that each

component of the collision tumor has different behavioral,

histological, and genetic features, revealing their intratumoral

heterogenicity and their different tumorigenesis (5, 36). Four

main hypotheses have been proposed in the literature: 1) the two

different types of tumors are accidentally colliding in one location

(37); 2) the carcinogenic stimulus causes an increased chance of

arising the simultaneous separate neoplasms at the same site (8); 3)

one neoplasm induces the development of another different

neoplasm through paracr ine effec ts changing the

microenvironment (38); and 4) single-cell gene mutation leads

genetically homogeneous clonal cells to differentiate into

histologically separate tumor cells due to the heterogeneity of the

gene phenotypes (39). In our case, GT and MSGP abutted each

other, but two different origins can still be recognized, and there

were no mutual migration phenomena or transitional pattern

histomorphologically. Furthermore, the two kinds of tumor cells

of pulmonary collision tumor had different immunophenotypes

demonstrating that each of them possessed different molecular

properties and cytogenetics, suggesting their different
Frontiers in Oncology 06
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tumorigenesis. Considering the clinicopathological results of our

case, the case was finally diagnosed as pulmonary collision tumor

consisting of MSGP and GT. With the review of CT, the density of

the lesion was heterogeneous, suggesting its different cell

components. Treatment and prognosis largely depend on the

independent biological behavior of different histological subtypes

of pulmonary collision tumor.

As the first case of primary pulmonary collision tumor

comprising two benign tumors, the prognosis of this subtype

has not been clearly clarified. To date, no evidence of recurrence

or metastasis has been shown by the patient. We will continue to

focus on the prognosis of this patient in the future. Given the

rare incidence of collision tumor, the inadequate attention given

to it, and the insufficient research conducted about it, further

studies and in-depth research are needed to elucidate its

mechanism of tumorigenesis and biological behavior.
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Case report: an initially
unresectable stage III
pulmonary sarcomatoid
carcinoma qith EGFR mutation
achieving pathological complete
response following neoadjuvant
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Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (EGFR-TKIs)

provide dramatic response to patients with advanced EGFR-mutant non-small

cell lung cancer (NSCLC). However, the use of neoadjuvant therapy with EGFR-

TKIs in EGFR-mutant NSCLC remains controversial, especially in pulmonary

sarcomatoid carcinoma (PSC). One patient with initially unresectable stage III

(cT4N0M0) PSC was found to carry EGFR mutation by the next generation

sequencing. After neoadjuvant therapy with osimertinib plus chemotherapy,

radical resection of the right upper lung lesion was achieved, and the

pathological results reached pathological complete response (pCR). To the

best of our knowledge, this is the first report of an EGFR-mutant patient with

initially unresectable stage III PSC achieved pCR by neoadjuvant therapy with

osimertinib plus chemotherapy. Therefore, neoadjuvant therapy with EGFR-

TKIs may be a viable option for EGFR-mutant PSC patients.
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Introduction

Pulmonary sarcomatoid carcinoma (PSC) is a rare

subclassification of non-small cell lung cancer (NSCLC),

accounting for 0.5% (1). Compared with other histological

subtypes of NSCLC, including lung adenocarcinoma (LUAD),

lung squamous cell carcinoma (LUSC), large cell neuroendocrine

carcinoma (LCNEC), and large cell carcinoma (LCC), PSC is

more aggressive, has a lower response rate to conventional

therapy, and a higher recurrence rate (2–4). It carries a poor

prognosis (a 5-year survival of 24.5%) (4), due to early metastasis

and high resistance to platinum-based chemotherapy (5, 6). It is

well known that the treatment principle of PSC is similar to that of

NSCLC, and radical surgery is the recommended treatment for

early-stage patients (7). The treatment of stage III patients is

highly individualized and guided by multidisciplinary input based

on patient factors. Neoadjuvant chemotherapy can be performed

in some stage III patients, and surgical resection can be performed

if it is considered feasible (8, 9). Although both neoadjuvant and

adjuvant chemotherapy improve survival in patients with NSCLC,

the effect of perioperative chemotherapy on PSC is controversial,

as is radiotherapy (10, 11). Therefore, it is critical to explore new

therapeutic targets and therapeutic methods for PSC.

The mutation frequency of epidermal growth factor receptor

(EGFR) in PSC is 19% (12). Currently, several EGFR tyrosine

kinase inhibitors (EGFR-TKIs) have been approved by the U.S.

Food and Drug Administration (FDA) as first-line therapy for

advanced NSCLC with EGFR mutations (13), but there is still a

lack of convincing evidence for their use as neoadjuvant therapy

for stage III NSCLC. Currently, several clinical trials of EGFR-

TKIs in the neoadjuvant treatment of NSCLC are underway

(Supplementary Table 1). In addition, several case reports and

small sample size studies have shown that EGFR-TKIs as

neoadjuvant therapy for EGFR-mutant stage II-III NSCLC are

acceptable in terms of efficacy, safety and surgical complications

(14–19), but these reports and studies has not defined the benefit

for PSC. To the best of our knowledge, we report the first case of

neoadjuvant therapy with osimertinib plus chemotherapy in an

initially unresectable stage III PSC.
Case presentation

An 50-year-old male was admitted to hospital on August 22th,

2021 for cough and expectoration without obvious cause. He had

35 years history of smoking a pack a day, and history of drinking

100ml/day. He had no history of infectious diseases such as

dysentery, malaria, viral hepatitis or tuberculosis. His father died

of esophageal cancer, denying a family history of the disease.

As the timeline of the clinical course in this patient

(Supplementary Figure 1), On August 23th, 2021, a positron
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emission tomography-computed tomography (PET-CT)

revealed a large cystic solid lesion (8.6 × 5.9 × 9.9 cm) in the

lung field from the right hilum to the right upper lobe, which was

considered to be a right thoracic malignant tumor. The lesion

invaded mediastinum adjacent superior vena cava and main

right pulmonary artery. Additionally, multiple enlarged lymph

nodes were observed in both hilum, mediastinum and right

supraclavicular fossa, with the largest being 1.5×1.4 cm, with

mild to moderate increase in metabolism, which was considered

as multiple lymph node inflammation (Figure 1A). On August

26th, 2021, an electronic bronchoscopy revealed stenosis of the

right upper lobe opening and obstruction of the lumen by

necrotic material (Figure 1B). An electronic bronchoscopy

biopsy of the superior lobe of right lung led to a pathological

diagnosis of PSC (Figure 1C). The malignancy was consistent

with stage III (cT4N0M0) disease. Upon NGS analysis of the

biopsy tissue sample, the patient was identified to harbor EGFR

mutations (EGFR exon21 p.L861Q, EGFR exon18 p.G719C)

(Supplementary Figure 2), TP53 mutation (exon8 p.R273C),

BCORL1 amplification, and CCNE1 amplification. In addition,

the patient was identified as having microsatellite stable (MSS)

and tumor mutation burden (TMB) of 6.15Muts/Mb by NGS. In

addition, immunohistochemistry (IHC) for PD-L1 was strong

positive (TPS=80%).

Considering the patient’s PET-CT results showed that the

tumor was large and adjacent to the mediastinum and main

pulmonary artery, which made it difficult to resect. The patient

had no indications for surgery, and chemotherapy plus

immunotherapy (albumin paclitaxel 400mg d1+ cisplatin

90mg dl+ tislelizumab 200mg dl) was subsequently started

on September 4th and September 30th, 2021. After two cycles of

chemotherapy plus immunotherapy, on October 27, 2021, a

chest computed tomography (CT) scan showed that the size of

the lesion in the lung field from the right hilum to the right

upper lobe was 6.6 × 4.6 × 6.0 cm, and the largest enlarged

lymph node was 1.5 × 1.3 cm, but the lesion was still close to

the mediastinum and the main pulmonary artery, which was

difficult to be surgically removed (Figure 2A). In addition, the

patient’s transaminase increased during the treatment period,

indicating abnormal liver function, liver protection treatment

returned to normal after a period of time. Moreover, it has been

reported that immunotherapy may cause abnormal liver

function in NSCLC patients, in which transaminases are

increased (20–22). Considering that immunotherapy may

cause liver injury, immunization was discontinued.

Immediately after, the patient received chemotherapy plus

EGFR-TKI (albumin paclitaxel 400mg d1+ cisplatin 50mg dl

+ osimertinib 30mg dl-14) on October 30th, 2021. On

December 6, 2021, after one cycle of chemotherapy plus

EGFR-TKI, a chest CT scan showed that the size of the

lesion in the lung field from the right hilum to the right
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upper lobe was 6.6 × 4.6 × 6.0 cm, and the largest enlarged

lymph node was 1.7 × 0.8 cm (Figure 2B). After chemotherapy

plus EGFR-TKI treatment, there was a gap between the lesion

and the mediastinum, as well as between the lesion and the

right pulmonary trunk, indicating that the lesion may be

resected by surgery. Since no obvious contraindications were

found, the patient underwent thoracoscopic radical resection

of right upper lung cancer on December 15th, 2021.

Postoperative pathology showed no residual tumor cells in

the right upper lung lesion, no residual tumor cells in the

resection margins of the trachea and blood vessels, and no

tumor metastasis in the lymph nodes, reached pathological

complete response (pCR) (Figure 3). On February 27th and

May 23th, 2022, about 2.5 months and 5.5 months after surgical

resection, chest CT scan showed no evidence of malignant

tumor recurrence (Figures 4A, B).
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Discussion

At present, there is no standardized treatment for managing

PSC, a rare NSCLC subtype with poor prognosis, and its treatment

strategy is derived from NSCLC. The use of EGFR-TKIs has

revolutionized the treatment of advanced NSCLC with EGFR

mutations. In the perioperative treatment of early NSCLC,

ADJUVANT, EVAN and SELECT clinical trials have shown that

gefitinib and erlotinib, respectively, as postoperative therapies can

improve disease-free survival (DFS) in EGFR-mutant patients (23–

25). Similarly, the ADAURA trial also showed that osimertinib as

adjuvant therapy significantly improved DFS in patients with stage

IB-IIIA EGFR-mutant NSCLC (26). In addition, there are a few

case reports and small sample size studies indicating the feasibility

of EGFR-TKIs (Gefitinib, Erlotinib, Afatinib, Osimertinib,

Aumolertinib) in the neoadjuvant stage of EGFR-mutant NSCLC
A

B C

FIGURE 1

Disease status before treatment. The PET-CT scan (A) showed that before treatment, the size of the lung field from the right hilum to the right
upper lobe of the lung large cystic solid mass was 8.6 × 5.9 × 9.9 cm. (B) The electronic bronchoscopy of the patient before treatment.
(C) Pathological diagnosis of the patient before treatment.
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FIGURE 3

Postoperative pathology of the patient after neoadjuvant chemotherapy plus EGFR-TKI showed pathological complete response.
A

B

FIGURE 2

Disease status after neoadjuvant chemotherapy plus immunotherapy and chemotherapy plus EGFR-TKI. (A) After two cycles of neoadjuvant
chemotherapy plus immunotherapy, the size of the lung field from the right hilum to the right upper lobe of the lung large cystic solid mass was
6.6 × 4.6 × 6.0 cm. (B) After one cycle of neoadjuvant chemotherapy plus EGFR-TKI, the size of the lung field from the right hilum to the right
upper lobe of the lung large cystic solid mass was 6.2 × 3.5 × 5.5 cm.
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patients (14–19). But these treatments have not been evaluated

in PSC.

In this case, after two cycles of chemotherapy plus

immunotherapy, the tumor was still inoperable, and during the

treatment, the liver function of the patient was abnormal and the

transaminase was elevated. After consulting the relevant literature,

it was found that immunotherapy may cause liver function

abnormalities in NSCLC patients, so immunotherapy was

stopped after comprehensive consideration (20–22). Then the

initially unresectable stage III PSC patient received osimertinib

plus chemotherapy. The CT images after osimertinib plus

chemotherapy treatment showed slight tumor shrinkage and the

opportunity for surgery. It is difficult to determine how much of

this response is due to the delayed effect of chemotherapy plus

immunotherapy or to the effect of osimertinib or osimertinib plus

chemotherapy. Despite this, the patient had a good treatment

response, with complete resection of the primary tumor, pCR on

pathological evaluation, and no disease recurrence 5.5 months

after surgery. At present, there are few clinical studies on

immunotherapy specifically for PSC. A retrospective study with

a small sample size enrolled 37 PSC patients who received anti-

PD-1 immunotherapy, and 40.5% of them achieved clinical

remission, but OS was not statistically significant. In addition,

we reviewed the biomarker analysis of this study and found that

19 patients tested for PD-L1 had a median PD-L1 expression of

70% and only one PD-L1-negative sample. Although the

expression of PD-L1 in PSC is generally higher, the results of
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prognosis analysis of patients showed that there was a trend that

the median OS of PD-L1+ group was higher than that of PD-L1-

group, but there was no significant statistical significance.

Moreover, the expression of PD-L1 in disease progression (PD),

stable disease (SD) and partial response (PR) patients did not

show an obvious trend of gradual increase (26). Only one patient

with a detectable EGFR exon 18 mutation, TP53 mutation and

low TMB (4Muts/Mb) showed early progression on

immunotherapy, with a treatment duration of 0.4 months and

an OS of 1.8 months (26). The patient we reported here also

carried EGFR exon18 mutation, combined with TP53 mutation

and low TMB (6.15Muts/Mb), which is similar to the above

patient, which may imply that EGFR-mutated NSCLC patients,

even PSC patients, may have a low benefit from immunotherapy.

This case report suggests to some extent that that neoadjuvant

therapy with osimertinib plus chemotherapy may be both effective

and safe in stage III PSC and neoadjuvant therapy with EGFR-

TKIs may be another viable option for patients who do not

respond well to other neoadjuvant therapies.

In conclusion, although the expression of PD-L1 in PSC is

generally high, and the positive rate is higher than that of other

NSCLC, we cannot judge whether the expression of PD-L1 and

the level of TMB are significantly positively correlated with the

prognosis of immunotherapy in PSC patients based on the few

clinical studies and data related to immunotherapy in PSC

patients. And whether PSC patients with EGFR mutations

benefit less from immunotherapy than NSCLC patients may
A

B

FIGURE 4

Disease status after surgical resection. The chest CT scan showed no evidence of malignant tumor recurrence about (A) 2.5 months and (B) 5.5
months after surgical resection.
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need more large clinical studies to explain. And there are still

many problems with the use of EGFR-TKIs in the perioperative

period of stage III patients. The dose and duration of

neoadjuvant EGFR-TKIs therapy, as well as the optimal timing

of post-treatment surgery, remain unclear. In this case, the

patient received osimertinib plus chemotherapy, which

responded well and was well tolerated without increased

toxicity. This has been demonstrated previously in clinical

studies of EGFR-TKIs plus chemotherapy for advanced

NSCLC (27–29). However, large-sample clinical trials are still

needed to evaluate whether the use of EGFR-TKIs plus

chemotherapy in the neoadjuvant phase of stage III patients

are safe and improve efficacy. In addition, few studies have

explored the safety and feasibility of using EGFR-TKIs

neoadjuvant therapy in initially unresectable stage III disease,

and current clinical trials (Supplementary Table 1) hardly

involve initially unresectable stage III disease, so more studies

are needed to explore this in the future. Finally, whether to

consider the use of EGFR-TKIs for adjuvant therapy is also an

important exploration direction for patients who show good

response to neoadjuvant therapy with EGFR-TKIs.

In brief, this is the first report of initially unresectable stage

III PSC patient who harbor EGFR mutation benefiting from

neoadjuvant therapy with osimertinib plus chemotherapy. This

case provides new insights into the treatment in PSC patients.
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Case Report: A case of
radioactive iodine-refractory
thyroid cancer accompanying
cervical lymph node metastasis
treated with US-guided
RFA combined with 125I
seed implantation

Yuanpeng Zhai, Yu Shao and Qian Li*

Department of Ultrasound, The Affiliated Cancer Hospital of Zhengzhou University & Henan Cancer
Hospital, Zhengzhou, China
Background: Local control of metastases is critical to improving the life quality

of patients with radioactive iodine-refractory (RAIR) thyroid cancer

accompanying regional lymph node metastasis.

Case report: The reported patient suffered from RAIR thyroid cancer

accompanying poorly controlled cervical lymph node metastasis. The

patient’s lesions were controlled through 125I seed implantation combined

with ultrasound-guided radio-frequency ablation (US-guided RFA). Such a

combination therapy has not been reported to date.

Conclusion: This study found US-guided RFA combined with 125I seed

implantation to be safe and effective for the control of cervical local

metastases in patients with RAIR thyroid cancer.

KEYWORDS

ultrasound- (US) guided, radiofrequency ablation (RFA), 125I seed implantation,
radioactive iodine-refractory (RAIR) thyroid cancer, cervical lymph node metastasis
Background

In recent years, the incidence of thyroid cancer in China has been increasing, with

differentiated thyroid cancer (DTC) a dominant type. Some patients with DTC can

develop radioactive iodine-refractory differentiated thyroid cancer (RAIR-DTC) as they

gradually lose the capacity to uptake iodine during disease treatment and progression (1).
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Patients with RAIR-DTC accompanying regional lymph node

metastasis struggle with poor prognosis because they cannot

benefit from 131I diagnosis and treatment. Although

conventional diagnosis and treatment methods employed in

clinical practices, such as targeted medical therapy and

surgery, can improve the prognosis of patients with RAIR-

DTC to a certain extent, the overall response is not

satisfactory. Some patients suffer from skin rupture caused by

poorly controlled metastases, which seriously affects their quality

of life. Studies have shown that 125I seed implantation in the

treatment of RAIR-DTC accompanying regional lymph node

metastasis can safely deliver a good local control effect, making it

of clinical value (2). However, the effectiveness of this treatment

is usually limited to metastases of a small size. When lymph node

metastases are large, with skin rupture and internal liquefactive

necrosis, 125I seed implantation alone has limitations. For

example, in metastases of this kind, it is not easy to control

the location of the implanted seeds since they are likely to fall

into the liquid components, thereby reducing the therapeutic

effect. New and effective methods are needed for controlling

metastasis locally. As a minimally invasive treatment method,

RFA has been used to treat benign thyroid nodules, papillary

thyroid cancer and recurrent thyroid cancer (3–6). It is safe and

feasible, especially when patients refuse surgery, have high

requirements for aesthetics or have surgical contraindications,

RFA as an alternative treatment can reduce patients’ anxiety and

improve their quality of life (7). In our case,during the operation

the patients was under monitoring and questioning, the

operation was sucessfull and safe.

This report presents the results achieved using ultrasound-

(US) guided aspiration of metastatic liquid components, radio-

frequency ablation (RFA), and 125I seed implantation in the local

control of metastases.
Case report

A 70-year-old woman was admitted to our hospital with

“lung metastasis after papillary thyroid carcinoma surgery and

new cervical masses detected over 2 years.” Two years earlier, in

May 2004, she had received a thyroid mass resection under local

anesthesia in a local hospital to remove the cervical mass;

subsequently, the postoperative pathology revealed lymph

node metastasis of papillary thyroid carcinoma. With a

recurrent cervical mass, the patient visited our hospital for the

first time in August 2006 and underwent a radical resection of a

left thyroid carcinoma under general anesthesia. The

postoperative pathology indicated papillary thyroid carcinoma.

The patient continued to suffer regional lymph node metastasis

and received lymph node dissection twice in combination with
131I therapy.
Frontiers in Oncology 02
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Operation history

In October 2010, the patient received a left neck dissection

under general anesthesia in our hospital. Postoperative

pathology indicated that one in five level-III and -IV lymph

nodes had metastases of papillary thyroid carcinoma, with level

VI showing the formation of a cancerous node. On March 26,

2015, the patient received a radical resection of recurrent thyroid

cancer and a right recurrent laryngeal nerve anatomic

exploration. The postoperative pathology indicated the

infiltration of papillary thyroid carcinoma at levels IV and VI

of the left neck. At levels IV and VI of the right neck, all the four

lymph nodes detected were found with metastases of papillary

thyroid carcinoma, accompanied by the formation of a

cancerous node.
History of 131iodine therapy

The patient received 131I treatment in our hospital in

December 2011, May and October 2012, May and October

2013, August 2014, June 2015, April 2016, and April 2017,

with doses of 150, 150, 150, 100, 150, 150, 150, and 100

mCi, respectively.

According to the patient’s latest physical examination, she had

multiple palpable enlarged lymph nodes in the neck, with tough

texture and poor mobility. In 2014, newmasses were detected in the

right neck, which eventually ruptured in 2019. The patient received

a lymph node puncture in the right neck on November 30, 2019, in

the Nuclear Medicine Department of the Shanghai Sixth People’s

Hospital (affiliated with Shanghai Jiao Tong University). An

analysis showed papillary thyroid carcinoma due to the BRAF

V600E mutation. The ruptured lesion in the right neck was not

under control, and a new mass was found in the left neck,

protruding through the skin. This mass had a diameter of around

30 mm and was accompanied by bruising of the local skin. The

patient’s quality of life was significantly affected. The patient was not

provided with a therapeutic regimen after visiting upper-level

hospitals several times, so she returned to our hospital. After

admission, the possibility of lymph node metastasis was

considered based on a contrast-enhanced computed tomography

(CT) scan of the neck showing multiple nodules and tumor

shadows in the thyroid region, bilateral parotid region, bilateral

neck, bilateral subclavian and supraclavicular fossae, and the

mediastinum. Thyroglobulin in the puncture fluid from the right

cervical ruptured lesion was measured at 413 ng/ml, and the lesion

was considered to be a thyroid lymph node metastasis. In recent

years, the patient had undergone several surgeries, 131radioiodine

therapy, systemic anti-tumor therapies, and treatment with

sorafenib, vemurafenib, and pembrolizumab. Unfortunately, the

effects were not satisfactory, and the metastases in the cervical
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lymph nodes remained uncontrolled. At that point, the patient’s

condition was severe, and there was no effective anti-tumor therapy.

After admission, the patient was given targeted systemic

anti-tumor treatment comprising anlotinib (1 tablet/day) and

Euthyrox (112.5 µg/day) as inhibition and replacement therapy.

As the left cervical mass was relatively large, local cytoreductive

surgery was considered for lowering the risk of skin ulceration.

Given the large volume of the left cervical mass, with a diameter

of approximately 30 mm, a total of 33 125I seeds were implanted

one by one at an interval of 5 mm under CT scan guidance to

achieve local cytoreduction for the metastases and reduce the

risk of skin rupture.

Three days after 125I seed implantation in the left cervical

metastases, the patient reported feeling slightly better. However,

the mass in her left neck remained large; it was accompanied by

liquefactive necrosis, and seeds were entering the liquid

components. To prevent further enlargement and development

of the metastases, as well as to avoid radiation damage to

adjacent t i ssues and organs , we proposed during

multidisciplinary consultations that RFA be used to reduce the

metastases in combination with other therapies for symptomatic

treatment. Under the guidance of US, the size of the left cervical

mass was measured to be 33 × 19 mm, which protruded through

the surface of the skin. Accordingly, we aspirated the liquid

components in the lesion, considering the continuous new

production of fluid, seed implantation was not carried out,

but RFA inactivation was performed on the solid portion at

the same time as fluid extraction (Figure 1). Postoperative

ultrasonography showed no obvious contrast enhancement in
Frontiers in Oncology 03
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the metastatic lymph nodes of the left neck (Figure 2). The left

lesion recover over the month following the RFA. After 23 days,

the metastases no longer protruded through the skin, and all that

could be seen on the cervical skin was a slight crust. Thirty days

after the RFA, a contrast-enhanced CT scan of the neck revealed

that the cervical anterior subcutaneous nodule could no longer

be seen, which was a postoperative change. The patient’s left

neck completely recovered 32–35 days after the RFA.

The findings of the contrast-enhanced CT scan and the

recovery of the patient’s left neck provide evidence that US-

guided RFA combined with 125I seed implantation can deliver a

complete local response for large metastases in a safe, effective

manner. US-guided RFA is particularly effective in treating

lymph node lesions with fluid.

As the therapeutic effect of US-guided RFA for the patient’s

left cervical metastases was quite considerable, we continued

with RFA of a fluid-containing lymph node metastasis in the

patient’s right neck at a safe location. The US-guided

measurements showed one of the lymph nodes in the right

neck was around 21 × 11 mm, another was around 24 × 17 mm

(Figures 3, 4), and there were heterogeneous internal echoes.

We aspirated the liquid components and performed RFA.

According to postoperative ultrasonography, no obvious

contrast enhancement was found in the cervical metastatic

lymph nodes, and there was no residual ablation. The day

following the right cervical lymph node RFA, there was a

special location of one ulcerated lymph node on the right

neck, and there was no safe entry point, so seeds were

implanted in the patient’s right cervical ruptured lymph node.
FIGURE 1

US-guided RFA for left cervical mass.
frontiersin.org

https://doi.org/10.3389/fonc.2022.987484
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhai et al. 10.3389/fonc.2022.987484
The ruptured mass shrank following the implantation of nine 125

I one by one at an interval of 5 mm.

Two months later, the mass had gone. The ablated cervical

mass disappeared over 40 days. Following this success, the

masses of the patients in the subsequent treatment were all

solid masses, and the location was deep adjacent to the

important cervical nerve, so the patient had three more

occasions when 125I seeds were implanted into the cervical

lymph nodes: 9, 16, and 9 seeds were implanted, respectively.

Now, the patient is recovering well, with the local metastases in
Frontiers in Oncology 04
157
the cervical lymph nodes well under control. She was discharged

from hospital and is receiving systemic targeted drug therapy.
Discussion

Most patients with DTC achieve a good prognosis after

receiving surgery, 131I radiotherapy, thyrotropin inhibition, and

other therapies, with a 10-year survival rate of up to 90%.

However, about 15% of these patients develop local recurrence
FIGURE 3

Metastatic lymph nodes accompanying internal liquefactive necrosis in right neck as shown in ultrasonography.
FIGURE 2

No contrast enhancement in left cervical mass according to postoperative ultrasonography.
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and/or distant metastases and have a 10-year survival rate below

10% (8). As some cases are not sensitive to radioactive iodine

therapy, they may develop RAIR-DTC, which is characterized by

fast progression and high mortality. It is difficult for these

patients to achieve satisfactory results with the traditional

methods referred to above.

Currently, the diagnosis and treatment of RAIR-DTC are

controversial. According to the usual definition of RAIR-DTC, in

the absence of exogenous iodine load interference when the level of

thyroid-stimulating hormone is greater than 30 m IU/L, the lesion

loses its iodine uptake capacity. Consequently, favorable results are

not expected from 131I treatment. In the case of the present study,

the patient’s condition was severe. Her cervical metastases could not

be surgically removed, and a high dose of radioactive iodine, if

allowed to accumulate around her neck, would likely have caused

radiation damage to the larynx and tracheal mucosa, resulting in

radiation tracheitis or radiation pneumonia. In this case, the patient

was treated as RAIR-DTC because radioactive iodine therapy was

not feasible for her (9). The treatment for RAIR-DTC is

controversial, and cases accompanying cervical regional lymph

node metastasis remain a problem to be solved (10). Surgery,

chemotherapy, targeted therapy, and other related methods are

now applied in clinical practices. In this case, the patient’s condition

was severe, and her cervical metastases could not be surgically

removed. As studies in molecular biology on thyroid cancer have

advanced, a large number of targeted therapeutic drugs have been

developed in recent years (11–13), making targeted drug therapy a

major option for patients with RAIR-DTC. However, this patient

did not respond well to sorafenib, vemurafenib, pembrolizumab,

and other targeted therapy drugs. Chemotherapy is mainly used for
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terminally ill patients with obvious invasive symptoms which are

uncontrollable via radioactive iodine therapy or surgery. However,

as most patients with RAIR-DTC are not sensitive to

chemotherapy, traditional chemotherapy drugs are unsuitable (14).

For 15 years (2004–2019), the patient suffered from

recurrent cervical lymph node metastases, which progressively

increased in size and number and were not effectively controlled.

Patients need an effective local therapy that includes surgery and

external irradiation, with a focus on cytoreduction, to improve

the quality of life (15). However, in this case, the patient’s

condition was severe, and the cervical metastases could not be

surgically removed. The patient was not provided with any

effective therapeutic regimen despite repeatedly visiting several

hospitals. After the patient came to our hospital, we initially

treated the cervical metastases with 125I seed implantation and

US-guided RFA.

The lymph node metastases in her left neck, which were

large with liquefactive necrosis, showed a positive therapeutic

effect in the early stage of 125I seed implantation. Due to a short

radiation distance, the 125I seeds can effectively kill tumor cells in

lesions with little damage to surrounding tissues, thus achieving

highly conformal brachytherapy (2). Nonetheless, its effect on

killing cancer cells depends on precise positioning and

reasonable arrangement. Studies have shown that the larger

the lesion, the lower the therapeutic effect. This has been

attributed to seed displacement due to liquefactive necrosis in

the large lesions, which makes it impossible to precisely position

and reasonably arrange the seeds. This leads to a lower

conformal index of dose distribution in the lesion, thereby

weakening the therapeutic effect. Furthermore, dose deposit by
FIGURE 4

Right cervical lymph node metastasis.
frontiersin.org

https://doi.org/10.3389/fonc.2022.987484
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhai et al. 10.3389/fonc.2022.987484
seed displacement poses a greater risk of radiation damage to

healthy tissues, making inflammatory reactions more likely,

forming adhesions between lesions and vital organs (such as

peripheral vessels), and thus making further treatment,

including replantation, more difficult (16). In this case, the

patient had large lymph node metastases accompanied by

liquefactive necrosis, and the US showed that implanted seeds

had migrated into the liquid components. Considering the

unsatisfactory nature of iodine seed implantation, it is

important to explore new therapies for controlling local lesions.

During multidisciplinary consultations, our department

suggested that the liquid components of metastasis be treated

with US-guided aspiration and metastasis be treated with RFA.

The RAF can be used for patients with recurrent or metastatic

lymph nodes after standard surgical resection and neck lyphnode

dissection (17). The patient had undergone at least one operation

before, the anatomical structure of the operation area has changed

and adhesions would be severe. High risk and difficulty hindered

the second operation. besides, the patient is not easy to accept the

second operation. In addition, some patients may be ineffective to

the iodine therapy, these patients requires further local surgery or

RFA. RFA has the unique advantages of safety and simple

operation, which provides a more reliable treatment option (7).

The RFA technique has been increasingly applied in clinical

practice since it is minimally invasive, has a beneficial therapeutic

effect, and is well tolerated. The RFA needle is inserted into lesions

under the guidance of US, inducing a thermal effect via a high-

frequency alternating current in the targeted tissues, thereby

inactivating lesion cells.

In this case, the left cervical lymph node metastasis was large

(33mm×19mm) and accompanied with liquefaction necrosis.

125I was not effective at first for the particles fell into the liquid

components. Under the guidance of ultrasound, we aspirated the

liquid components of the left cervical lesion. Considering that

the liquid would be generated continuely, we did not implant the

particles again, but chose to inactivate the solid parts while

aspirating the liquid. RFA was then performed on metastatic

tumors at safety site of the right cervical. The solid mass was

deep adjacent to important cervical nerves, so 125I was selected

for the following treatment.

After RFA, the metastases in the patient’s left and right neck

shrank. The metastases that ruptured in the upper part also shrank

after the implantation of 125I seeds. In summary, the patient

obtained the beneficial effect of local control of the metastases

through US-guided RFA combined with 125I seed implantation.

This is a safe method with high clinical application value.
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In this case, RFA plays an important role in the safe location

of fluid lymph node lesions, and seed implantation plays an

important role in the subsequent treatment of lymph node

lesions located deep adjacent to important cervical nerves in the

right neck. The implantation of 125I seeds has good local control

effect, high safety and high clinical application value for the

patients with RAIR-DTC with regional lymph node metastasis.

Especially, when the tumor showed liquid necrosis, the

implantation position of 125I particles would be uncontrolled. If

the particles fall off into the liquid components, the effectiveness

will be greatly reduced. RFA has been used to treat benign thyroid

nodules, papillary thyroid cancer, recurrent thyroid cancer and

lymph node metastasis safely. The coagulative necrotic tissue

gradually becomes smaller after the RFA operation, and the

clinical symptoms caused by nodules are also significantly

improved, which is safe and feasible. Besides, the solid part can

be inactivated while the fluid is pumped for mixed lesions.
Conclusions

In conclusion, patients with RAIR-DTC with accompanying

cervical lymph node metastases face limited therapy options and a

poor prognosis. In addition to conventional therapies, such as

surgery, chemotherapy, and targeted drug treatment, new local

therapies are needed, particularly for lesions with large local mass

accompanied by liquefactive necrosis. For such lesions, US-guided

RFA is a valuable contribution to these therapies. Our patient was

treated with targeted drugs and thyrotropin inhibition, combined

with US-guided RFA and 125I seed implantation for local control, to

achieve a complete clinical response for RAIR-DTC with

accompanying cervical lymph node metastases.
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Nasierowska-Guttmejer A, et al. Diagnostics and treatment of thyroid
carcinoma. Endokrynol Pol (2016) 67(1):74–107. 10.5603/EP.2016.0011

16. Zeng XX, Zhang WW, Ji LQ, Li G, Wang YG, Hao SS, et al. Efficacy and
safety of radioiodine-refractory differentiated thyroid cancer with regional
lymph node or distant metastasis treated with 125I seed implantation. Xian
Dai Zhong Liu Yi Xue (2020) 28:4256–61. doi: 10.3969/j.issn.1672-
4992.2020.24.009
frontiersin.org

https://doi.org/10.1590/2359-3997000000245
https://doi.org/10.11877/j.issn.1672-1535.2018.16.05.22
https://doi.org/10.1007/s00432-018-2607-7
https://doi.org/10.1089/thy.2015.0471
https://doi.org/10.3348/kjr.2018.19.4.632
https://doi.org/10.1007/s12020-018-1829-4
https://doi.org/10.1245/s10434-019-07482-w
https://doi.org/10.3390/ijms18061292
https://doi.org/10.1016/j.endonu.2015.08.007
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(14)60421-9
https://doi.org/10.1016/j.ejca.2017.01.013
https://doi.org/10.1016/S1470-2045(16)30166-8
https://doi.org/10.1007/s10637-007-9091-2
https://doi.org/10.5603/EP.2016.0011
https://doi.org/10.3969/j.issn.1672-4992.2020.24.009
https://doi.org/10.3969/j.issn.1672-4992.2020.24.009
https://doi.org/10.3389/fonc.2022.987484
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Frontiers in Oncology

OPEN ACCESS

EDITED BY

Kohei Fujita,
National Hospital Organization Kyoto
Medical Center, Japan

REVIEWED BY

Weihua Li,
Chinese Academy of Medical Sciences
and Peking Union Medical College,
China
Li Ma,
Beijing Chest Hospital, Capital Medical
University, China

*CORRESPONDENCE

Wei Li
leewluck@gmail.com

SPECIALTY SECTION

This article was submitted to
Thoracic Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 27 August 2022
ACCEPTED 23 November 2022

PUBLISHED 07 December 2022

CITATION

Yang MH, Yu J, Cai CL and Li W (2022)
Small cell lung cancer transformation
and tumor heterogeneity after
sequential targeted therapy and
immunotherapy in EGFR-mutant non-
small cell lung cancer: A case report.
Front. Oncol. 12:1029282.
doi: 10.3389/fonc.2022.1029282

COPYRIGHT

© 2022 Yang, Yu, Cai 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 07 December 2022

DOI 10.3389/fonc.2022.1029282
Small cell lung cancer
transformation and tumor
heterogeneity after sequential
targeted therapy and
immunotherapy in EGFR-mutant
non-small cell lung cancer: A
case report

Meng-Hang Yang, Jia Yu, Chen-Lei Cai and Wei Li*

Department of Oncology, Shanghai Pulmonary Hospital, School of Medicine, Tongji University,
Shanghai, China
Background: Histological transformation from non-small cell lung cancer

(NSCLC) to small cell lung cancer (SCLC) is one of mechanisms of the

acquired resistance to epidermal growth factor receptor (EGFR)-tyrosine

kinase inhibitors (TKI). However, SCLC transformation and tumor heterogeneity

have never been reported in sequential targeted therapy and immunotherapy.

Case presentation: Here, we described a patient with advanced EGFR-mutant

NSCLC, who received erlotinib and underwent the resistance with EGFR T790M

(–). The patient then received chemotherapy plus immunotherapy of

programmed cell death 1 (PD-1) inhibitor, encountered progression with

pathological transformation from NSCLC to SCLC that was overcome by

chemotherapy of etoposide plus carboplatin (EC) with the main lesion

significantly shrinking while metastatic nodules increasing. The pathology of

the metastatic nodule showed NSCLC with EGFR T790M (+). Based on the

tumor heterogeneity, EC chemotherapy combined with osimertinib was used,

and patients responded well. The patient experienced four lung biopsies in all,

which helped to provide the patient with precise treatment.

Conclusions: This case suggested that SCLC transformation and tumor

heterogeneity should be paid attention to when disease progression occurred in

advanced NSCLC whether receiving targeted therapy or immunotherapy.

KEYWORDS

histologic transformation, tumor heterogeneity, immunotherapy, targeted therapy,
case report
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Background

Lung cancer is one of malignant tumors with highest

incidence and mortality rate. Non-small cell lung cancer

(NSCLC) accounts for about 80~85% of all lung cancer. In

NSCLC with epidermal growth factor receptor (EGFR)

mutations treated with EGFR-tyrosine kinase inhibitor (TKI),

there is a rare phenomenon of drug resistance, that is

pathological type transformation. The transformation to small

cell lung cancer (SCLC) is one of the important mechanisms of

resistance to EGFR-TKI. In fact, it is found that SCLC

transformed from NSCLC has similar clinical characteristics

with primary SCLC. For patients with SCLC transformation,

chemotherapy is short-term effective, and the prognosis is poor

with the median overall survival (OS) less than 1 year (1, 2).

With the increase of re-biopsy in clinical practice, SCLC

transformation is found to be not limited to specific molecular

subtypes of NSCLC, nor to specific treatment. Immunotherapy

is increasingly used in advanced lung cancer. However, the

transformation of NSCLC to SCLC during immunotherapy

has only been reported in a few cases (3–5). Here, we

described a rare case of an advanced NSCLC patient with

EGFR exon 19 deletion (19del) who has received sequential

targeted therapy and immunotherapy of programmed cell death

1 (PD-1) inhibitor , and undergone a pathological

transformation from NSCLC to SCLC and inconsistent gene

status that revealed tumor heterogeneity. We presented this case

in accordance with the CARE guideline (6).
Case presentation

A 50-year-old man was admitted to our hospital on Feb

19th, 2019, complaining of recurrent dry cough for 3 weeks. He

had a smoking history of half pack per day for 20 years. Physical

examination discovered that one of the left supraclavicular

lymph nodes was enlarged. Chest computed tomography (CT)

scan showed a mass in the upper lobe of the right lung

accompanied by multiple small nodules in both lungs,

enlarged mediastinal and hilum lymph nodes (Figure 1A, B).

Enhanced brain magnetic resonance imaging (MRI) showed a

lesion in the cerebellum that tended to be tumor metastasis.

Bone scan and abdomen B-ultrasound showed no active

findings. We performed biopsies of both the enlarged left

supraclavicular lymph node and the right upper lobe (RUL)
Abbreviations: NSCLC, Non-small cell lung cancer; SCLC, Small cell lung

cancer; EGFR, Epidermal growth factor receptor; TKI, Tyrosine kinase

inhibitors; PD-1, Programmed cell death 1; EC, Etoposide plus carboplatin;

OS, Overall survival; CT, Computed tomography; MRI, Magnetic resonance

imaging; RUL, Right upper lobe; PR, Partial response; PD-L1, Programmed

death ligand 1; TPS, Tumor proportion score; PD, Progressive disease; MDT,

Multi-disciplinary team; RLL, Right lower lobe.
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lesion. The pathology results indicated lung adenocarcinoma

(Figure 1C), and the genetic testing found EGFR 19del mutation.

The patient was diagnosed with right upper lobe lung

adenocarcinoma T4N3M1b-Stage IVA (brain, contralateral

lung, pleura) with EGFR 19del. Erlotinib as the first-line

therapy was given, and the best response was partial response

(PR) (Figure 1D). The progression-free survival (PFS) of first-

line therapy was 6.5 months.

Then the patient underwent progressive disease (PD)

(Figure 2A). A repeat biopsy of RUL lesion revealed lung

adenocarcinoma (Figure 2B) with EGFR 19del, T790M (–) and

programmed death ligand 1 (PD-L1) tumor proportion score

(TPS) 90% (+). The patient participated in a phase III clinical

study (JS001-CT25-III-NSCLC), and received 6 cycles of PD-1

inhibitor (toripalimab) plus pemetrexed and carboplatin,

followed by 2 cycles of toripalimab plus pemetrexed as

maintenance treatment. PR was achieved again (Figure 2C).

The PFS of second-line therapy was 6.6 months.

Then the patient experienced the second PD (Figures 3A–C),

and the third biopsy of RUL lesion was performed.

Unexpectedly, histologic analysis showed a transformation to

SCLC (Figure 3D) with immunohistochemical staining

confirmed as Syn (+) and Ki-67 (70%+). Then, the patient

received the treatment of etoposide plus carboplatin (EC).

After 2 cycles of EC chemotherapy (PFS 1.9 months), the

main lesion located in RUL significantly shrank (Figure 3E),

however, the intrapulmonary metastatic nodules increased and

enlarged (Figures 3E–G).
B CA

FIGURE 2

Chest CT scan of PD resistant to erlotinib (A), photomicrograph
of re-biopsy (H&E stain) showing lung adenocarcinoma (B) and
chest CT scan of best response PR after the treatment of
chemotherapy combined with PD-1 inhibitor (C). CT, computed
tomography; PD, progressive disease; PR, partial response; PD-1,
programmed cell death 1.
B C DA

FIGURE 1

Chest CT scan of baseline (A, B), pathological examination (H&E
stain) showing lung adenocarcinoma (C) and chest CT scan of
best response PR after the treatment of Erlotinib (D). CT,
computed tomography; PR, partial response.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1029282
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yang et al. 10.3389/fonc.2022.1029282
To find out the reasons for the inconsistent response of

different lesions to EC chemotherapy, we performed a needle

aspiration of an enlarged metastatic lesion in the right lower lobe

(RLL). The pathological results revealed NSCLC (Figure 3H)

with the genetic testing showing EGFR 19del and T790M (+).

Considering the heterogeneity of tumor, after comprehensive

discussion of multi-disciplinary team (MDT), the patient began

to receive EC chemotherapy combined with the 3rd-generation

of EGFR-TKI, osimertinib. Encouragingly, after 2 cycles of

combination therapy, the main lesion in RUL continued to

shrink (Figure 3I), and the metastatic nodules in both lungs

decreased significantly (Figure 3J,K). PR was achieved again.

The patient well tolerated with the treatment. He then returned

to the local hospital for subsequent treatment. The timeline of

the treatment process is shown in Figure 4.
Frontiers in Oncology 03
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Discussion and conclusions

SCLC transformation has been recognized as one of

mechanisms of resistance to EGFR-TKI in advanced lung

adenocarcinoma with EGFR mutant, accounting for 5%~15%

of the causes of EGFR-TKI resistance (7, 8). In contrast,

transformation of NSCLC to SCLC was less reported in

patients receiving immunotherapy like PD-1 inhibitors.

Imakita et al. (3) reported SCLC transformation during

immunotherapy with nivolumab. Abdallah et al. (4) reported

two cases of potential histologic transformation of NSCLC to

SCLC during the treatment of nivolumab and pembrolizumab,

respectively. Iams et al. (5) described two cases of SCLC

transformation as a mechanism of resistance to nivolumab in

KRAS-mutant lung adenocarcinoma. However, the SCLC

transformation after targeted therapy fol lowed by

immunotherapy has not been reported so far.

The precise mechanism of SCLC transformation in this case

was considered from the following aspects. Firstly, it is supposed

that there were two histological components of NSCLC and

SCLC in the initial tumors before diagnosis, according to the

heterogeneity of tumor. Approximately 5%~28% of SCLC

contains NSCLC or other pathological components, which was

called combined SCLC (9). Some researchers believe that tumor

samples from lung biopsy when initial NSCLC diagnosis are

insufficient, so the existence of a very low proportion of SCLC

components cannot be detected, which is due to the limitations of

the existing examination methods and technology (10). As the

number of EGFR-mutant NSCLC cells decreased owing to

targeted therapy of EGFR-TKI, the SCLC component of initial

tumor became dominant. If the initial tumor contained both

NSCLC and SCLC components, SCLC components would

proliferate and reach PD rapidly after TKI effectively inhibited

EGFR-mutant NSCLC components. However, the patient in this

case had a relatively long remission and drug response period

before SCLC transformation, the hypothesis of mixed histological

components may not generalize the whole picture of this case.

Secondly, EGFR-TKI might be the cause of SCLC

transformation in this case. The phenomenon of SCLC

transformation was firstly described by Zakowski et al, 2006;

they reported that a 45-year-old non-smoking female patient

with adenocarcinoma received EGFR-TKI without gene analysis,

underwent PD after 18 months and received re-biopsy

suggesting a synaptophysin-positive SCLC with EGFR 19del

(11). Since then, SCLC transformation was gradually

recognized and was considered to be one of mechanisms of

EGFR-TKI resistance. The transformation of NSCLC to SCLC

often occurs 13~18 months after targeted therapy (1, 2, 12). The

patients often retain the original EGFR mutation, but the

expression of EGFR protein decreases and patients are no

longer sensitive to the original TKI treatment (13). The

biological behavior of SCLC transformation is similar to that
B C D

E F G H

I J K

A

FIGURE 3

Chest CT scan of PD after 8 cycles of chemotherapy combined
with PD-1 inhibitor (A–C), photomicrograph of the third biopsy
(H&E stain) showing SCLC transformation (D), Chest CT scan after
2 cycles of EC chemotherapy showing the main lesion of RUL
significantly shrank (E), while intrapulmonary metastatic nodules
increased and enlarged (F, G), the pathology (H&E stain) of the
enlarged metastatic lesion of RLL (red arrow) showing NSCLC (H),
and chest CT scan of PR after 2 cycles of combination therapy of
osimertinib and EC chemotherapy (I–K). CT, computed
tomography; PD, progressive disease; PD-1, programmed cell
death 1; SCLC, small cell lung cancer; EC, etoposide plus
carboplatin; RUL, right upper lobe; RLL, right lower lobe; NSCLC,
non-small cell lung cancer; PR, partial response.
FIGURE 4

Timeline of the patient. RUL, right upper lobe; EGFR, epidermal
growth factor receptor; PR, partial response; PD, progressive
disease; PD-L1, programmed death ligand 1; TPS, tumor
proportion score; SCLC, small cell lung cancer; RLL, right lower
lobe; NSCLC, non-small cell lung cancer.
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of primary SCLC. Genomic analysis revealed that TP53 and RB1

mutation existed in most SCLC transformation (1, 14).

Compared with primary SCLC, patients with SCLC

transformation are younger; the proportion of non-smokers or

light smokers is higher; the incidences of men and women are

similar (1). At present, there is a lack of standard treatment

options for SCLC transformation, and chemotherapy of

etoposide and platinum for primary SCLC is the mostly used

treatment option, which is usually short-term effective. After the

transformation of NSCLC to SCLC, the median PFS is around

3.5 months and the median OS is about 10 months (1, 2, 12, 15).

There was no significant difference of PFS and OS after SCLC

transformation between patients initially receiving the 1st- or

2nd-generation of TKI and the 3rd-generation of TKI (2). In the

current case, resistance to 1st-generation TKI occurred 7 months

after diagnosis; then the patients received chemotherapy and

immunotherapy and SCLC transformation occurred about 7

months later. The transformation period was not consistent with

the transformation after TKI resistance mentioned above. The

patient in this case acquired EGFR T790M mutation after SCLC

transformation, which is different from patients suffering

transformation of NSCLC to SCLC after EGFR-TKI treatment

retaining the original EGFR mutation.

Additionally, it is hypothesized that NSCLC in this case

underwent histological transformation to SCLC owing to

immunotherapy of PD-1 inhibitor. Although the mechanism

for this is unclear, some theories support this hypothesis. The

existence of cancer stem cells, being related to the differentiation

and proliferation of cancer cells, were supposed to have ability to

differentiate into either SCLC or NSCLC (16–20). Lung

adenocarcinoma and SCLC were found to have the potential

shared cell of origin. Alveolar type II cells were always believed

to be the origin of lung adenocarcinoma. Surprisingly, it was

reported that alveolar type II cells could also led to the

development of SCLC when targeted disrupting of TP53 and

RB1 (21, 22). In this case, it was regrettable that the patient did

not undergo next-generation sequencing (NGS) tests. Although

the information about TP53 and RB1 mutations at diagnosis was

not collected, the possibility that immunotherapy led to alveolar

type II cells induced SCLC transformation by changing the

tumor microenvironment cannot be excluded.

In summary, we reported a case of a 50-year-old man with

EGFR 19del advanced NSCLC, who showed a favorable response

to the first-line erlotinib with PR, overcame the resistance to

erlotinib with EGFR T790M (–) by a combination of pemetrexed

and carboplatin plus PD-1 inhibitor and achieved PR, overcame

progression and histologic transformation from NSCLC to

SCLC by EC chemotherapy with the main lesion significantly

shrinking while metastatic nodules increasing. The pathology of

the metastatic nodule showed NSCLC with EGFR T790M (+),

which revealed the heterogeneity of tumor. Finally, EC

chemotherapy combined with osimertinib was used, and
Frontiers in Oncology 04
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patients responded well. Transformation of NSCLC to SCLC is

a result of tumor evolution during the anti-tumor treatment.

Although SCLC transformation after immunotherapy is very

rare, and its exact molecular mechanism is still under study, it

should be paid attention to when disease progression occurred

during immunotherapy. Chemotherapy of etoposide and

platinum is the common treatment for SCLC transformation,

but more effective strategies are need to be explored. What’s

more, re-biopsy played a key role in this case, which provided

the patient with precise treatment. Therefore, this case suggested

that, based on the consideration of tumor evolution and tumor

heterogeneity, re-biopsy is of great significance, which could

bring more benefits to patients.
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Arnaud de Villeneuve Hospital, Montpellier, France
The detection of circulating tumor DNA (ctDNA) by liquid biopsy is taking an

increasing role in thoracic oncology management due to its predictive and

prognostic value. For non-small cell lung cancer, it allows the detection of

molecular mutations that can be targeted with tyrosine kinase inhibitors (TKIs).

We report the case of a patient with life-threatening hepatocellular failure and

thrombotic microangiopathy at the diagnosis. A salvage chemotherapy was

attempted, resulting in a major worsening of her general condition and the

decision to stop all anti-cancer treatment. The liquid biopsy performed at the

time of immunohistochemical non-small cell lung cancer diagnosis revealed

within 7 days the presence of an epidermal growth factor receptor (EGFR)DEL19

activating mutation with 736,400 DNA copies/ml of plasma. It was finally

decided to attempt a treatment with osimertinib (third generation anti-EGFR

TKI) despite the fact that the patient was in a pre-mortem situation. Osimertinib

led to a significant and prompt improvement of her performance status after

only one week of treatment. The tumor tissue genotyping performed by next-

generation sequencing (NGS) was available 10 days after starting TKI treatment.

It revealed in addition to the EGFRDEL19 mutation, a JAK3 and EGFR

amplification, highlighting the complex interactions between EGFR and the

JAK/STAT signaling pathways. The first CT-scan performed after 2 months

under osimertinib showed a tumor morphologic partial response. The

biological assay showed a major decrease in the EGFRDEL19 mutation ctDNA

levels (40.0 copies/ml). The liquid biopsy allowed an early implementation of a

targeted therapy without which the patient would probably be dead. Testing for

ctDNA should be discussed routinely at diagnosis in addition to tumor tissue

genotyping for patient with metastatic non-small cell lung cancer that raise the

clinical profile of oncogenic addiction.

KEYWORDS

lung cancer, ctDNA = circulating tumor DNA, liquid biopsy, EGFR, thrombotic
microangiopathy (TMA), osimertinib
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Introduction

Oncogenic activatingmutations are common for patients with

anon-small cell lung cancer (NSCLC) benefiting from treatmentby

targeted therapies (1). Systematicmolecularandbiomarkeranalysis

is performed at diagnosis. It is recommended, when feasible, that

testing be carried out via a broad, panel-based approach, next-

generation sequencing (NGS) in clinical laboratories. Testing

failure often occurs due to the small size of tissue samples obtain

viamini-invasive technics. A second clinical limitation is the delay

in the delivery of molecular results, which in most cases takes

around three weeks. In most clinical situations this delay is

acceptable for optimal therapeutic decision making. However, in

some clinical presentations where patients are life-threatening at

diagnosis, a technology that allows a fastermolecular testingmaybe

necessary. Liquid biopsy offers a solution to these both challenges

allowing results for circulating tumor DNA (ctDNA) within

approximately one week. Detection of ctDNA guides therapy

decisions and has recently been shown, in a large prospective

cohort of 1,127 patients with NSCLC, to be associated with

shorter survival (hazard ratio (HR), 2.05; 95% confidence interval

(CI), 1.74-2.42; P < 0.001) independently of clinicopathologic

features and metabolic tumor volume in a large prospective

cohort of 1,127 patients with NSCLC (2).

Epidermal growth factor receptor (EGFR) activating

mutations, such as exon 19 deletion (EGFRDEL19) or the

EGFRL858R mutation in exon 21, occur in 10-15% of Caucasian

patients with NSCLC. For these patients with metastatic disease,

specific tyrosine kinase inhibitors (TKIs) are recommended.

Osimertinib, a third-generation EGFR TKI, has become the

first-line standard of care for patients with EGFR-mutated

NSCLC (3). We report the case of a patient with a life-

threatening medical situation at diagnosis of NSCLC with

severe hepatocellular failure and thrombotic microangiopathy

for which liquid biopsy revealed an EGFR activating alteration.

The detection of this mutation allowed us to rapidly initiate

treatment with EGFR TKI, without which the patient would have

died from complications of her cancer at diagnosis.
Case report

A 61-year-old female patient with no personal medical

history except osteoporosis and no familial history of cancer;

former smoker estimated at 2 packs/year presented in May 2022

severe and rapid deterioration in general condition resulting in

severe asthenia associated with complete anorexia, nausea and

epigastric pain. Clinical examination revealed a painful

hepatomegaly without other clinical abnormality, and hepatic

sonogram showed diffuse bilobar lesions.

On June 7, a computerized tomography (CT) scan showed

diffuse hepatic lesions associated with multiple sus and sub-
Frontiers in Oncology 02
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diaphragmatic lymphadenopathies, pleural effusion, diffuse bone

and pulmonary lesions.

OnJune15, a liver biopsy led to thediagnosis of aCK7+;CK20-;

TTF1+; SATB2-; GATA 3- mucus-secreting carcinoma leading to

the diagnosis of T1aN3M1c bronchopulmonary adenocarcinoma

according to the 8th version of the TNM classification. Blood tests

on June 17 revealed anemia with hemoglobin at 7.5 g/dL;

international normalized ratio (INR) increase at 1.51; hepatic

enzymes increase with gamma-glutamyltransferase at 458 U/L;

alkaline phosphatase at 703 U/L; aspartate aminotransferase at 156

U/L; alanine aminotransferase at 129 U/L; total and conjugated

bilirubin increase at respectively 56.9 µmol/L and 32.6 µmol/L. The

suspicion of acute liver failure led to her hospitalization. Eastern

Cooperative Oncology Group Performance Status (ECOGPS) was

3, oxygen was needed at 1-2 L/min. Viral serologies were negatives

(Hepatitis B, Hepatitis C, HIV, Cytomegalovirus), there were no

history of alcoholic intoxication or recent introduction of new

medication explaining the hepatic perturbations. Treatment was

initially postponed waiting for the results of tumor molecular

biology, considering the high probability of an oncogenic driver

for this patient former smoker under 5 packs/year. A liquid biopsy

was realized on June 21 to research ctDNA alterations.

On June 22, following to appearance of encephalopathy due

to hepatic failure it was decided to initiate salvage chemotherapy

with weekly paclitaxel/carboplatin regimen. After 48 hours, the

patient developed a massive hematoma in front of central

venous catheter associated with clinical degradation and

increase of oxygen need to 4 L/min. Blood tests revealed grade

3 according to common terminology criteria for adverse events

v5.0 (CTCAE v5.0) platelet count decrease leading to an initial

diagnosis of disseminated intravascular coagulation. Subsequent

analysis revealed anemia, negative haptoglobin, and schizocytes

on blood smear, rectifying the diagnosis of paraneoplastic

thrombotic microangiopathy. A new CT-scan showed massive

pleural and peritoneal effusion. This dramatic clinical and

biological deterioration resulted in stopping antitumor

treatment and focusing on best supportive care.

However, on June 27, the results of ctDNA performed on

June 21 by digital droplet PCR (ddPCR) revealed the presence of

an EGFRDEL19 mutation with very high amount of copies

(736,400 per mL of plasma). A last-ditch attempt was decided

by initiating a TKI treatment with osimertinib 80 mg per day,

first dose received on June 28 (Figure 1).

After one week of treatment, a clinical and biological

improvement was observed with decrease of oxygen requirement,

edemas, lactate dehydrogenase and INR. On July 4, a control of

ctDNA showed a drastic drop to 3,763 copies ofmutatedDNA/mL

of plasma. A second control was performed on July 12, finding

6,377 copies/mL for EGFRDEL19 and a possible EGFRT790M

resistance mutation at 4.0 copies/mL (Figure 1).

Clinically, oxygen was stopped on July 8, after 10 days of

treatment with osimertinib. Molecular alterations were also
frontiersin.org
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investigated on the hepatic punctured tissue: the results came

out on July 7. The NGS performed on tissue biopsy confirmed

the presence of an EGFRDEL 19 with a variant allele frequency of

88.45%. The NGS experiment also revealed the presence of an

EGFR amplification with 10 copies of genes and a Janus Kinase 3

(JAK3) amplification with 14 copies of genes.

After three weeks of treatment by osimertinib associated

with supportive care, the patient was able to return directly to

her home without requiring a rehabilitation. After 2 months of

treatment with osimertinib, the patient was clinically

asymptomatic and has no side effects from the TKI. The CT-

scan performed shows a partial morphological response

according to RECIST1.1 criteria (Figure 2). Control of ctDNA

rate revealed a residual value for the EGFRDEL19 activating

mutation (40.0 copies/mL) and the disappearance of the

EGFRT790M mutation (Figure 1).

To date, after 5 months of full-dose treatment with

osimertinib 80mg/day, the patient still has an excellent

tolerance of the treatment with maintained efficacy.
Discussion

To the best of our knowledge, we present the case of a

NSCLC EGFR-mutated patients with one of the highest levels of

ctDNA reported in the literature (4). This patient who was

ECOG PS 4 and in terminal phase of hepatocellular insufficiency

and thrombotic microangiopathy improved clinically in 10 days

(ECOG PS0) with a normalization of her biological results in 15

days under osimertinib. Clinical practice guidelines recommend

treating patients with ECOG PS 3-4 with best supportive care.

Patients with NSCLC with oncogenic addiction represent a
Frontiers in Oncology 03
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particular population for which targeted therapies can be

proposed even for ECOG PS 3-4 (5). This case report

highlights the possibility of clinical improvement under TKI

even in life-threatening situations. Several case series reports

support this observation, showing that an invasive attitude can

be beneficial for these patients. Indeed, patients intubated in

intensive care units due to respiratory failure related to the

disease or patients who require enteral feeding to administer TKI

tablets benefit from the treatment with a clear recovery of their

quality of life and a clear improvement of their survival (6) (7).

From a molecular point of view, this patient presents several

characteristics that deserve to be discussed. In our center, we

systematically search for gene copy number variation by NGS

amplification technique performed on tumor tissue. This

analysis identified in addition to the EGFRDEL 19 mutation, an

amplification of the EGFR gene as well as an amplification of the

JAK3 gene. EGFR amplification has been described identified as

a potential mechanism of primary resistance to third generation-

TKIs resistance (8). In addition, EGFR mutations can induce

abnormal activation of the downstream JAK/STAT signaling

pathway considered as one of the central communication nodes

in the cell function. The JAK family consists of non-receptor

tyrosine protein kinases with four main members (JAK 1-3 and

TYK2). Dysregulation of the JAK/STAT pathway promote

abnormal tumor proliferation, angiogenesis, invasion and

metastasis (9). There are actually several clinical trials

evaluating the role of JAK/STAT pathway inhibitors in

NSCLC EGFR-mutated (Table 1).

Regarding ctDNA, complete clearance of the activating

mutation under anti-EGFR TKI treatment has proven

prognostic value. It is also a powerful tool for anticipating

tumor relapse (10). Concomitant tissue detection of
FIGURE 1

Timeline of the disease course.
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preexisting EGFRT790M associated with EGFR activating

mutations is an event occurring in 1-5% of EGFR-NSCLC,

conferring a worse prognosis value (11) (12). Liquid biopsy

detection of a pre-existing EGFRT790M mutation by ddPCR also

appears to have prognostic value in the management of NSCLC

patients (13). In our case, the detection of an EGFRT790M

mutation is probably a background noise inherent to the

ddPCR technique. Indeed, the appearance of an EGFRT790M

mutation is not observed under osimertinib, whose mechanism

of action precisely targets this mutation. This hypothesis is

confirmed by the absence of detection of EGFRT790M mutation

after 2 months of treatment with osimertinib and the continued

decrease in the ctDNA rate of the EGFRDEL19 mutation.

Interestingly, the number of copies of mutated ctDNA

detected increased during the course of treatment by

osimertinib and finally decreased secondarily. This observation

led us to suspect an early resistance to osimertinib. The kinetics

of the decrease of the ctDNA level after 2 months of treatment

show us that this rebound of the ctDNA level is probably related

to the loss of effectiveness of the chemotherapy carried out in

first intention by paclitaxel/carboplatin regimen. Indeed, the

chemotherapy probably had an anti-tumor activity associated

with the treatment with osimertinib which contributed to the

decrease of the EGFRDEL19 ctDNA level. This observation

reinforces the importance of clinical trials combining
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chemotherapy with TKIs for NSCLC with oncogenic addiction

(NCT04035486; NCT05200481).

Advantages and disadvantages of liquid biopsy in comparison

to tissue biopsy for tumor genotyping in advanced or metastatic

NSCLC can be summarized as follows: liquid biopsy present high

concordance rate with tissue biopsy; the technique is faster

repeatable over time and minimally invasive. Liquid biopsy

better capture tumor heterogeneity and clonal evolution under

treatment. However, liquid biopsy is less sensitive, does not allow

the evaluation of non-DNA biomarkers, in particular the

programmed death ligand-1 (PD-L1) status, which is

fundamental in the decision of the therapeutic strategy in first

metastatic line. It also increases costs if performed concurrently

with tissue testing (14). Some complementary approaches of liquid

biopsy including characterization of circulating tumor cells and

tumor mutation burden may be a promising tool to help clinicians

in therapeutic decision-making for advanced NSCLC (15). Liquid

biopsy is an increasingly important tool in oncology. It provides

prognostic information for curative patients (16). It is already a

leading tool in the stratification of the therapeutic strategy for

adjuvant chemotherapy for colorectal patients (17). One of the

main challenges for liquid biopsy research in the coming years will

be to optimize its use for the detection of early-stage neoplasms or

tumor relapse by detecting a minimal residual disease. In this

context, efforts are being made to improve the detection of smallest
FIGURE 2

Comparison of CT scans before (June 7, A, B) and with osimertinib treatment (August 29, C, D). Size reduction of primary tumor (cyan) and
target hepatic metastasis (red). Disparition of pleural effusion (green arrows).
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amounts of ctDNA in the “sea” of normal circulating free DNA.

Ultrasensitives liquid biopsy technologies will probably be a

prerequisite to implement liquid biopsy in these strategies (18).

We report here a rare situation of the added value of liquid

biopsy. It provides faster information on molecular tumor

alterations than tissue biopsy. This time saving can lead to

propose earlier targeted therapy to NSCLC patients. Our

opinion is that a liquid biopsy must be discussed routinely at

the diagnosis of NSCLC in a complementary approach with

tumor tissue genotyping.
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TABLE 1 Published and ongoing trial evaluating inhibitors of JAK/STAT pathway for EGFR-mutated non-small cell lung cancer.

Drug regi-
mens

ClinicalTrial.gov Therapeutic line Development
stage

Patient
included

Clinical
outcomes

AZD4205 (JAK 1
inhibitor)
+ Osimertinib

NCT03450330 Activating EGFR mutation positive NSCLC and have failed prior
EGFR TKIs treatment

Phase I/II
Completed

10 Safety and
tolerability

Ruxolitinib
(JAK1 + JAK2
inhibitor)
+ Afatinib

NCT02145637 Disease progression after platinum doublet (all), EGFR TKI (if
EGFR mutant), and crizotinib (if ALK positive)

Phase I
Completed

30 - ORR:
23.3% (7PR/
0CR)
- DCR:
93.3%
- PFS:
4.9months
(95% CI,
2.4-7.5)

Itacitinib (JAK 1
inhibitor)
+ Osimertinib

NCT02917993 Progressed on or after treatment with an EGFR tyrosine kinase
inhibitor (TKI). Additional lines of systemic therapy including
investigational agents for locally advanced or metastatic NSCLC
are allowed.

Phase I/II
Active not
recruting

59 Safety and
tolerability
ORR

Momelotinib
(JAK1/2 and
TANK-binding
kinase 1 (TBK1)
inhibitor)
+ Erlotinib

NCT02206763 Patients with EGFR TKI-naïve NSCLC Phase I
Completed

11 -ORR: 54.5%
(90% CI
27.1-80.0)
-PFS : 9.2
months
(90% CI 6.2-
12.4)

AZD1480 (JAK 2
inhibitor)

NCT01219543 Asian patients with advanced EGFR or ROS mutant NSCLC Phase I
Completed

47 Safety and
tolerability

DCR, disease control rate; EGFR, Epidermal growth factor receptor; NSCLC, non-small cell lung cancer; JAK, Janus kinase; ORR, Objective response rate; PFS, Progression free survival;
TKI, Tyrosine kinase inhibitor.
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Case report: Rare
intrapulmonary malignant
mesothelioma complicated
with myositis

Dandan Gong, Jian Yu and Xiaodong Jiang*

Department of Critical Care Medicine, the Second Hospital of Dalian Medical University, Dalian,
Liaoning, China
Malignant pleural mesothelioma is an uncommon aggressive tumor. Its

incidence is even lower when the lung parenchyma is the primary site.

Myositis is a common paraneoplastic syndrome, but it rarely presents with

malignant pleural mesothelioma. This report presents a rare intrapulmonary

malignant mesothelioma complicated by cancer-associated myositis. The

patient presented with limb muscle weakness as the first symptom and was

diagnosed with intrapulmonary malignant mesothelioma complicated by

cancer-associated myositis on the basis of clinical, histological,

immunohistochemical, and radiological findings. The patient responded

poorly to conventional hormone therapy and died of respiratory failure

within 2 months after the first presence of limb muscle weakness.

KEYWORDS

mesothelioma, cancer-associated myositis, oncology, lung parenchyma, primary
1 Introduction

Malignant mesothelioma is an aggressive tumor, associated with poor prognosis, which

arises from the pleura, peritoneum, pericardium, or tunica vaginalis testis (1). Malignant

pleural mesothelioma (MPM), which accounts for 90% of malignant mesothelioma cases

(2), has proven to be amassive challenge for clinicians and scientists, with a median survival

time of 9–12 months (3). MPM typically encases the lungs as a thick rind, and involvement

of the lung parenchyma is rare. Here, we report a patient with myositis as a paraneoplastic

syndrome with pulmonary parenchymal involvement.
2 Case description

A 66-year-old male presented to our hospital with a 1-month history of limb muscle

weakness. He was an active smoker (20 cigarettes/day), had a family history of lung
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cancer. He had a history of diabetes mellitus for 15 years, no

history of cancer and immune checkpoint inhibitors therapy.He

also had no exposure history of asbestos.

In March 2022, the patient presented with limb muscle

weakness and subcutaneous edema without any apparent

cause. He was admitted to Zhongshan Hospital, affiliated with

Dalian Medical University, for acute ileus in April 2022. Chest

computed tomography (CT) performed during hospitalization

showed a space-occupying lesion in the right upper lobe. The

patient was treated conservatively and discharged.

Furthermore, positron emission tomography-CT was

performed in our hospital, which revealed a soft tissue density

occupying the lesion and enlarged lymph nodes in the right lobe,

measuring 26 mm and 18 mm in diameter, respectively. No

abnormal uptake was observed at other sites, including the lungs

and pleura (Figure 1). Thus, the tumor was considered a

primary tumor.

The patient was admitted to our hospital for diagnosis. After

admission,he was presented with progressive limb muscle

weakness (lower extremities:grade 1-2,upper extremities:grade
Frontiers in Oncology 02
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3-4), expectorating sputum hardly and respiratory muscle

weakness.And he was transferred from inpatient unit to the

intensive care unit (ICU) because of acute respiration failure

complicating severe pneumonia at a week after admission.

Blood cell counts were within normal ranges upon

admission, but the admission laboratory tests revealed definite

abnormalities: high aspartate aminotransferase (AST, 536.09 U/

L), alanine aminotransferase (ALT, 11.23 U/L), creatine kinase

(CK; 12919.26 U/L), and creatine kinase (CK)-MB (CK-MB,

140.12 U/L) levels. Moreover, the level of CA125 increased to

182.73 U/mL (normal, <30.2 U/ml), CYFRA21-1 to 6.11 ng/mL

(normal, <3.3 ng/mL), and NSE to 82.89 (normal, <16.3 ng/mL).

Without hormone therapy, the levels of ALT (102.74 U/L), AST

(157.65 U/L), CK (2768.34 U/L), and CK-MB (24.07U/L)

became normal after 5 days.

Percutaneous biopsy of the lung lesions guided by fusion CT

was performed after admission (Figure 2). Photomicroscopy with

hematoxylin and eosin staining revealed unusual epithelioid cells

of the primary tumor. Immunohistochemically, the tumor cells

were positive for calretinin, CK, p36, CK5/6, WT-1, and Ki-67
FIGURE 1

(A) Coronal PET (positron emission tomography) image shows higher FDG (fluorodeoxyglucose) uptake in the right lung and the lymph nodes
on the left side. (B) Axial PET images. (C) Chest PET-CT presenting mesothelioma. (D) Axial PET images with higher tracer uptake.
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but negative for TTF-1 and p40 (Figure 3). Sputum culture was

performed and the detection of stenotrophomonas maltophilia,

enterococcus faecium, and candida albicans in sputum of

patients were postive.These results suggested intrapulmonary

malignant mesothelioma complicated with pneumonia. As the

poor performance status of the patient,surgery and radiotherapy

were not suitable. Antibiotic therapy was performed with

combination of cefepime,vancomycin,and caspofungin.

Cranial magnetic resonance imaging (MRI) and lumbar

puncture were performed to investigate the potential causes of

limb muscle weakness. However, there were no definite

abnormalities in the symptoms of limb muscle weakness.

Electromyography showed bilateral myogenic damage to the

upper limbs, and nerve conduction tests revealed damage to the

peripheral nervous system of all four limbs and delayed F-waves

in the bilateral tibial nerve. Antibodies against nRNP/Sm, Sm,

SSA, Ro52, SSB, Scl-70, Jo-1, and rRNP detected by enzyme-

linked immunosorbent assay were all negative, whereas his auto-

antibody profile showed anti-nuclear matrix protein 2 (NXP2)

antibody positivity, which indicated cancer-associated myositis.

On the basis of these findings, we diagnosed the patient with

intrapulmonary malignant mesothelioma complicated by

myositis, which is the leading cause of limb muscle weakness.

Upon diagnosis, the patient received 7 days of methylprednisolone

(80 mg/day), but he had a poor response with progressive

aggravation of limb muscle weakness and emergent expiratory

dyspnea complicating pneumonia and died of respiratory failure.

It was only 2 months from the first presence of limb muscle

weakness onset to death.
3 Discussion

The 66-year-old patient presented with limb muscle weakness

as the first symptom and was found a mass (2.6 cm) of the right

upper lobe. He was an active smoker and had a family history of
Frontiers in Oncology 03
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lung cancer, who had no history of asbestos exposure, cancer and

immune checkpoint inhibitors therapy (ICI). According to the

result of histological, immunohistochemical, and radiological

findings,he was diagnosed as intrapulmonary malignant

mesothelioma. Malignant mesothelioma often presents with

diffuse involvement of the serous membranes, localized

malignant mesotheliomas are extremely rare solitary

circumscribed nodular tumors (4). Only very few cases have

been reported that presented in ovary (5), liver (6), pancreatic

(7) and lung (8). Diagnosing intrapulmonary malignant

mesothelioma on the basis of clinical findings alone is difficult.

A combination of histological, immunohistochemical, and

radiological findings is needed. In our case,morphology and

immunostains (positivity with calretinin,WT-1, and CK5/6;

negativity with TTF-1 and p40) were consistent with an

epithelioid malignant mesothelioma. For radiological

investigations, European Society For Medical Oncology

recommends applying CT scanning of the thorax for the

localization of tumor sites and distant metastases or detecting

early response to treatment. In our case,a soft tissue density

occupying the lesion and enlarged lymph nodes in the right

lobe were found and no abnormal uptake was observed at

other sites.

Malignant mesothelioma are associated with risk factors

including asbestos exposure, related minerals, simian virus 40,

and nitrosamine (9). Asbestos exposure is the most important

cause of malignant mesothelioma, accounting for 70–80% of

cases (10). In the present case, the patient did not have any

history of asbestos exposure, but he had a history of smoking and

a family history of lung cancer.

Platinum-pemetrexed–based systemic therapy is a standard-

of-care treatment in malignant mesothelioma (11). To early

MPM,maximal tumor reduction surgery is recommended.

While surgical resection for mesothelioma is always

incomplete and it is not possible to cure someone with surgery

alone, the multimodal approach to malignant pleural
FIGURE 2

(A) Percutaneous biopsy of lung lesions guided by fusion CT. (B) Photomicroscopy with H&E (hematoxylin and eosin) staining presented unusual
epithelioid cells.
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mesothelioma is gradually becoming the standard of care for

MPM in patients with good performance status (12, 13). For

inoperable patients, radiotherapy and chemotherapy was

recommended. In recent year, immunotherapy and

mesothelin-targeted therapies for treatment of patients with

advanced unresectable mesothelioma has been highlighted

(14). In our case, the patient was in a critical condition with

acute respiration failure and severe pneumonia, who was not

suitable for surgery, radiotherapy or chemotherapy.Antibiotic

therapy and intensive care was performed.

Cancer-associated myositis is defined as the development of

a malignancy within 3 years of the diagnosis of myositis, which is

one of the typical paraneoplastic syndromes. Cancer-associated

myositis have been increasingly referred as being related with a

variety of malignancies, including hematological and solid

cancers (15). While cancer-associated myositis rarely presents

with MPM (16). In our case, there was no definite abnormality

for symptoms of limb muscle weakness on cranial MRI and

lumbar puncture. Antibodies to related immunological markers

for the diagnosis of primary rheumatic diseases were all negative,

whereas the auto-antibody profile showed NXP2 antibody

positively.NXP2 antibodies are reportedly associated with

cancer-associated myositis (17). Although, myasthenia gravis

was reported to be induced by immune checkpoint inhibitors

(ICI) (18), the patient in our case had no history of ICI

therapy.The result of cranial MRI, lumbar puncture, and

immunological profile were inferred that the myositis in the

present case was cancer-associated. Methylprednisolone was

used for treatment of the myositis. While the patient poorly
Frontiers in Oncology 04
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responsed to methylprednisolone, after receiving 7 days of

methylprednisolone, he died of respiratory failure.
4 Conclusion

In conclusion, cancer-associated myositis may be present in

patients with intrapulmonary malignant mesothelioma. To our

knowledge, this case, in which the patient experienced limb muscle

weakness as the first symptom, is the first to report intrapulmonary

malignant mesothelioma complicated with cancer-associated

myositis. It was a fast-progression and poor-prognosis disease,

and had a poor response to methylprednisolone.
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FIGURE 3

Immunohistochemical studies. Tumor cells are positive for (A) CK(+) (D) p63, (E) calretinin, (F) CK5/6, (G) WT-1, and (H) Ki-67 but negative for
(C) p40 and (B) TTF-1.
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Successful treatment of
extensive-stage small cell lung
cancer with concurrent pleural
and pericardial effusions:
Case report

Ayaka Kashima, Yosuke Fukuda*, Miri Shimamura,
Miharu Ijichi and Hironori Sagara

Department of Medicine, Division of Respiratory Medicine and Allergology, School of Medicine,
Showa Universityo, Tokyo, Japan
It is unclear whether pleural/pericardial drainage and pleurodesis/

pericardiodesis should be performed before or after initiating chemotherapy

in patients with chemotherapy-sensitive small-cell lung cancer. A 76-year-old

woman presented to the emergency department with progressive dyspnea on

exertion for a week. Chest computed tomography showed a mass shadow

anterior to the left upper lobe, bilateral pleural effusions, and a circumferential

pericardial effusion surrounding the heart. We diagnosed extensive-stage

small-cell lung cancer based on the clinical course and pathological findings.

We first performed pleurodesis and pericardial drainage and successfully

initiated immune checkpoint inhibitor combined chemotherapy, with

improved performance status. This case highlights the importance of

aggressive drainage and pleurodesis/pericardiodesis, and suggests that

drainage and pleurodesis/pericardiodesis should be considered before

systemic chemotherapy in patients with concurrent pericardial or pleural

effusions, even in patients with small-cell lung cancer that is sensitive

to chemotherapy.

KEYWORDS

pericardial effusion, pleural effusion, pleurodesis, small-cell lung cancer, immune
checkpoint inhibitor
Introduction

Small-cell lung cancer (SCLC) is rapidly progressive and is highly sensitive to

chemotherapy compared to non-small-cell lung cancer. SCLC with concurrent pleural

and pericardial effusions at the time of the initial presentation is rare. A retrospective

observational study found that of 765 patients with SCLC, 63 had pleural effusions, 17
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had pericardial effusions, and 16 had both (1). Recently, the

initiation of chemotherapy with immune checkpoint inhibitors

has been reported to improve the clinical outcomes of patients

with SCLC (2). Although early initiation of chemotherapy with

immune checkpoint inhibitors (ICIs) is desirable to improve the

prognosis and symptoms of patients with SCLC, there is concern

that patients with SCLC and pericardial or pleural effusions may

not be able to initiate chemotherapy safely due to poor

performance status (PS). Moreover, it is unclear whether

pleural/pericardial drainage and pleurodesis/pericardiodesis

should be performed before or after initiating chemotherapy

should in patients with chemotherapy-sensitive SCLC. Here, we

report a case of successful initiation of chemotherapy combined

with ICI therapy in a patient with SCLC and pleural and

pericardial effusions, after performing pleurodesis and

pericardial drainage.
Case report

A 76-year-old woman presented to the emergency

department with progressive dyspnea on exertion for a week.

Her medical history included hypertension, dyslipidemia, and

hyperuricemia. Her vital signs at the visit were: body

temperature 36.1°C, pulse rate 68 beats/min, blood pressure

130/78 mmHg, respiratory rate 18 breaths/min, and oxygen
Frontiers in Oncology 02
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saturation 92% breathing ambient air, and her consciousness

was clear. Physical examination revealed decreased breath

sounds in the lower left side of the chest and decreased cardiac

sounds. Blood tests revealed white blood cell count 7,700/mL,
aspartate aminotransferase 52 IU/L, alanine aminotransferase 55

IU/L, C-reactive protein 0.97 mg/dL, pro-gastrin-releasing

peptide 71.9 pg/mL, and neuron specific enolase 254 ng/mL.

Chest computed tomography (CT) showed a mass shadow

anterior to the left upper lobe, bilateral pleural effusions

(Figure 1A), and pericardial effusion circumferentially around

the entire heart (Figure 1B). We performed pericardial drainage

on day 2 because of concern about the possibility of the

development of cardiac tamponade and for diagnosis.

Pericardial fluid was exudative, but cytology of the fluid was

negative for malignant cells. On day 4, the patient required

oxygen therapy because of an increased left pleural effusion, and

we performed pleural drainage. Pleural effusion was exudative,

and cytology of the fluid was positive for small cell lung cancer.

On day 8, we performed a CT-guided lung biopsy. Hematoxylin

and eosin staining of the biopsy specimen revealed dense sheet-

like growth of bare nucleated atypical cells with increased

chromatin (Figure 2A), and immunostaining was positive for

insulinoma-associated protein 1 (Figure 2B) and chromogranin

A (Figure 2C) and negative for thyroid transcription factor-1,

p40, and leukocyte common antigen (not shown). We diagnosed

extensive-stage small cell lung cancer (ES-SCLC) based on the
A B

DC

FIGURE 1

Chest computed tomography showing (A) primary lung cancer and bilateral pleural effusions and (B) pericardial effusion. (C, D) After drainage of
the effusions and pleurodesis, showing control of the effusions before starting systemic chemotherapy.
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clinical course and pathological findings. The pleural fluid was

drained over 5,000ml and we confirmed lung re-expansion on

chest X-ray. Later, we performed talc pleurodesis to control the

pleural effusion (Figures 1C, D) and improve the PS, which was 2

at the initial visit, and subsequently improved to 0. We did not

perform pericardiodesis due to concern about the risk of adverse

events. Instead, we administered a combination regimen of

carboplatin, etoposide, and atezolizumab as first-line

chemotherapy. After 4 cycles of first-line chemotherapy, we

evaluated the patient to have progressive disease, so we

administered amrubicin as second-line chemotherapy.

However, her general condition worsened after 2 cycles, and

considering her wishes, she was treated with best supportive care

alone after that. The patient died approximately 9 months after

diagnosis. The timeline of all relevant interventions from the

initial visit to the introduction of treatment is shown in Figure 3.
Discussion

Based on the TNM classification, the 5-year survival rate for

patients with SCLC with T4 lesions and pleural effusions is 3.6%,
Frontiers in Oncology 03
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with a median overall survival of 7 months (3). Patients with ES-

SCLC with pleural effusion on the same side as the primary

tumor have a significantly lower overall survival rate than ES-

SCLC without pleural effusion (20.9 months vs. 11.8 months,

p < 0.001) (4). In patients with SCLC, the presence of malignant

pleural effusions is an independent prognostic factor for SCLC,

and reduce the median overall survival time by approximately 4

months, and are associated with lower 1-year and 2-year survival

rates (17% and 6%, respectively) (5). The median overall survival

of patients with SCLC and pericardial effusions is 14.2 months,

which is approximately 7 months shorter than that of SCLC

patients without pericardial effusions (1). In addition, metastasis

of SCLC to the pericardium generally occurs at a relatively late

stage in the disease (6). Therefore, the early initiation of

chemotherapy is desirable in patients with SCLC patients and

pleural effusions, pericardial effusions, or both.

In the IMpower133 trial, which tested the efficacy of a regimen

combining atezolizumab, carboplatin, and etoposide compared to

placebo, combination chemotherapy increased the overall survival

by 2 months (12.3 months vs. 10.3 months, p < 0.01), with no

increase in serious adverse events compared to standard therapy (2).

In addition, ICIs, including pembrolizumab and durvalumab,
A B C

FIGURE 2

Histopathological findings of the pulmonary tumor. (A) Hematoxylin and eosin staining showing dense sheet-like growth of bare nucleated
atypical cells with increased chromatin (400× magnification). Immunostaining showing positive (B) insulinoma-associated protein 1 (400×
magnification) and (C) chromogranin A (200× magnification).
FIGURE 3

Timeline of the main interventions from the initial visit to the treatment course.
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combined with cytotoxic anticancer agents improve progression-

free survival and overall survival (7, 8). Thus, early initiation of

chemotherapy with ICIs, especially in patients with SCLC and

pleural or pericardial effusions, who generally have a poor prognosis

(9), may contribute to improving the clinical outcome.

A prospective observational study with malignant pleural

effusion control as an outcome, conducted in cancer patients

with pharmacologically sensitive and non-pharmacologically

sensitive tumors of whom 13% had SCLC, found that factor

that had the greatest effect on controlling malignant pleural

effusions was not whether the patients received systemic

chemotherapy, but whether they underwent pleurodesis (10).

Another prospective observational study of 509 patients with

lung cancer and malignant pleural effusions found that

compared to chemotherapy alone, early treatment of

malignant pleural effusions reduced the need for future re-

intervention (23.5% vs. 53.8%, p < 0.01) (11). In patients with

non-small cell lung cancer, intrapericardial chemotherapy alone

and a combination of intrapericardial chemotherapy and

systemic chemotherapy improve control of cancer-related

pericarditis (12–14). These results suggest that in patients with

SCLC and pleural and pericardial effusions, drainage and

pleurodesis/pericardiodesis prior to chemotherapy might lead

to better fluid control and improved symptom control

and prognosis.

In this case, we were concerned about the increased risk of

adverse events with combined pleurodesis and pericardiodesis;

therefore, we performed pleurodesis and pericardial drainage,

without pericardiodesis. As a result, chemotherapy could be

safely introduced with improved PS. However, there are several

limitations in this case. First, the clinical course of

chemotherapy preceded by pericardial or pleural drainage is

uncertain. Randomized controlled trials of non-small cell lung

cancer with pleural effusion suggested that a pleural effusion

control rate of 86.9-92.9% may be achieved with chemotherapy

alone without pleurodesis (15, 16). Local approaches, such as

drainage to the pericardial and thoracic space, are unlikely to

result in serious outcomes (12, 17) but may delay the

administration of chemotherapy in about 2% of patients (18).

Second, the patient’s clinical response was not adequate. The

patient had to stop chemotherapy during the second round of

chemotherapy due to poor performance status, resulting in

death 9 months after diagnosis. In other words, the clinical

course could have been different if chemotherapy had been

administered prior to the procedure. Third, the impact of

pleurodesis on PET/CT, which may be performed to

determine the efficacy of chemotherapy, needs to be

considered (19). In this patient, PET/CT was not performed

due to the inaccessibility and financial burden of PET/CT. We

needed to plan our treatment strategy with these matters in

mind carefully.
Frontiers in Oncology 04
180
This case highlights the importance of considering

aggressive drainage and pleurodesis/pericardiodesis before

systemic chemotherapy in patients with SCLC and concurrent

pericardial or pleural effusions, even in patients with SCLC that

is sensitive to chemotherapy.
Patient perspective

I went to the hospital because I was short of breath, and had

fluid drained from around my heart and lungs. This treatment

was successful, and I was able to receive chemotherapy before

the cancer worsened. Fortunately, I did not experience any major

side effects of chemotherapy, and I am continuing to live my

daily life.
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Pembrolizumab or placebo plus etoposide and platinum as first-line therapy for
extensive-stage small-cell lung cancer: Randomized, double-blind, phase III
KEYNOTE-604 study. J Clin Oncol (2020) 38:2369–79. doi: 10.1200/JCO.20.00793

8. Goldman JW, Dvorkin M, Chen Y, Reinmuth N, Hotta K, Trukhin D, et al.
Durvalumab, with or without tremelimumab, plus platinum-etoposide versus
platinum-etoposide alone in first-line treatment of extensive-stage small-cell lung
cancer (CASPIAN): Updated results from a randomised, controlled, open-label,
phase 3 trial. Lancet Oncol (2021) 22:51–65. doi: 10.1016/S1470-2045(20)30539-8

9. Nakazawa K, Kurishima K, Tamura T, Kagohashi K, Ishikawa H, Satoh H,
et al. Specific organ metastases and survival in small cell lung cancer. Oncol Lett
(2012) 4:617–20. doi: 10.3892/ol.2012.792

10. Holling N, Patole S, Medford ARL, Maskell NA, Bibby AC. Is systemic
anticancer therapy associated with higher rates of malignant pleural effusion
control in people with pharmacologically sensitive tumors?: A retrospective
analysis of prospectively collected data. Chest (2021) 160:1915–24. doi: 10.1016/
j.chest.2021.05.027
11. Chiang KY, Ho JC, Chong P, Tam TC, Lam DC, Ip MS, et al. Role of early
definitive management for newly diagnosed malignant pleural effusion related to
lung cancer. Respirology (2020) 25:1167–73. doi: 10.1111/resp.13812

12. Moriya T, Takiguchi Y, Tabeta H, Watanabe R, Kimura H, Nagao K, et al.
Controlling malignant pericardial effusion by intrapericardial carboplatin
administration in patients with primary non-small-cell lung cancer. Br J Cancer
(2000) 83:858–62. doi: 10.1054/bjoc.2000.1397

13. Maruyama R, Yokoyama H, Seto T, Nagashima S, Kashiwabara K, Araki J,
et al. Catheter drainage followed by the instillation of bleomycin to manage
malignant pericardial effusion in non-small cell lung cancer: A multi-
institutional phase II trial. J Thorac Oncol (2007) 2:65–8. doi: 10.1097/
JTO.0b013e31802c8260

14. Lestuzzi C, Bearz A, Lafaras C, Gralec R, Cervesato E, Tomkowski W, et al.
Neoplastic pericardial disease in lung cancer: Impact on outcomes of different
treatment strategies. A multicenter study. Lung Cancer (2011) 72:340–7.
doi: 10.1016/j.lungcan.2010.10.013

15. Usui K, Sugawara S, Nishitsuji M, Fujita Y, Inoue A, Mouri A, et al. A phase
II study of bevacizumab with carboplatin-pemetrexed in non-squamous non-small
cell lung carcinoma patients with malignant pleural effusions: North East Japan
study group trial NEJ013A. Lung Cancer (2016) 99:131–6. doi: 10.1016/
j.lungcan.2016.07.003

16. Tamiya M, Tamiya A, Yamadori T, Nakao K, Asami K, Yasue T, et al.
Phase2 study of bevacizumab with carboplatin-paclitaxel for non-small cell lung
cancer with malignant pleural effusion. Med Oncol (2013) 30:676. doi: 10.1007/
s12032-013-0676-7

17. Saka H, Oki M, Kitagawa C, Kogure Y, Kojima Y, Saito A, et al. Sterilized
talc pleurodesis for malignant pleural effusions: A phase II study for investigational
new drug application in Japan. Jpn J Clin Oncol (2018) 48:376–81. doi: 10.1093/jjco/
hyy020

18. Singh N, Aggarwal AN, Behera D, Jindal SK. Intercycle delays during
chemotherapy of non-small cell lung cancer in a health care resource-
constrained setting and their effect on overall survival. J Thorac Oncol (2010)
5:236–9. doi: 10.1097/JTO.0b013e3181c3f5f7

19. Ulaner GA, Lyall A. Identifying and distinguishing treatment effects and
complications from malignancy at FDG PET/CT. Radiographics (2013) 33:1817–
34. doi: 10.1148/rg.336125105
frontiersin.org

https://doi.org/10.1097/JTO.0b013e318208ec77
https://doi.org/10.1056/NEJMoa1809064
https://doi.org/10.1097/JTO.0b013e318194a355
https://doi.org/10.1097/JTO.0b013e31817c606a
https://doi.org/10.1159/000499372
https://doi.org/10.1111/1759-7714.13854
https://doi.org/10.1200/JCO.20.00793
https://doi.org/10.1016/S1470-2045(20)30539-8
https://doi.org/10.3892/ol.2012.792
https://doi.org/10.1016/j.chest.2021.05.027
https://doi.org/10.1016/j.chest.2021.05.027
https://doi.org/10.1111/resp.13812
https://doi.org/10.1054/bjoc.2000.1397
https://doi.org/10.1097/JTO.0b013e31802c8260
https://doi.org/10.1097/JTO.0b013e31802c8260
https://doi.org/10.1016/j.lungcan.2010.10.013
https://doi.org/10.1016/j.lungcan.2016.07.003
https://doi.org/10.1016/j.lungcan.2016.07.003
https://doi.org/10.1007/s12032-013-0676-7
https://doi.org/10.1007/s12032-013-0676-7
https://doi.org/10.1093/jjco/hyy020
https://doi.org/10.1093/jjco/hyy020
https://doi.org/10.1097/JTO.0b013e3181c3f5f7
https://doi.org/10.1148/rg.336125105
https://doi.org/10.3389/fonc.2022.1040452
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Frontiers in Oncology

OPEN ACCESS

EDITED BY

Kohei Fujita,
National Hospital Organization Kyoto
Medical Center, Japan

REVIEWED BY

Alessandro Boscarelli,
Institute for Maternal and Child Health
Burlo Garofolo (IRCCS), Italy
Giovannella Palmieri,
CRCTR Rare Tumors Coordinating
Center of Campania Region, Italy

*CORRESPONDENCE

Yaqing Zhao

bettertomorrow18@163.com

SPECIALTY SECTION

This article was submitted to
Thoracic Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 23 October 2022

ACCEPTED 13 December 2022
PUBLISHED 06 January 2023

CITATION

Ren J, Fu Z and Zhao Y (2023) Case
report: Imaging findings of true
thymic hyperplasia at 18F-FDG
PET/CT in an infant.
Front. Oncol. 12:1077777.
doi: 10.3389/fonc.2022.1077777

COPYRIGHT

© 2023 Ren, Fu and Zhao. 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 06 January 2023

DOI 10.3389/fonc.2022.1077777
Case report: Imaging findings
of true thymic hyperplasia at
18F-FDG PET/CT in an infant

Jiazhong Ren1, Zheng Fu1 and Yaqing Zhao2*

1Department of Medical Imaging, PET-CT Center, Shandong Cancer Hospital and Institute,
Shandong First Medical University and Shandong Academy of Medical Sciences, Jinan,
Shandong, China, 2Department of General Affairs Section, The Second Affiliated Hospital of
Shandong University of Traditional Chinese Medicine, Jinan, Shandong, China
True thymic hyperplasia (TTH) in children is rare and difficult to distinguish from

other thymic tumors such as thymoma and thymic carcinoma. A 3‐year‐old girl

underwent an 18F‐fluorodeoxyglucose (18F‐FDG) positron emission

tomography (PET)/computed tomography (CT) scan (18F‐FDG PET/CT) and a

chest CT scan to evaluate an anterior mediastinal mass. 18F‐FDG PET/CT

revealed a mediastinal mass showing heterogeneously increased FDG uptake

with a maximum standardized uptake value (SUVmax) of 7.1. Eventually,

postoperative pathological diagnosis demonstrated TTH. So far, there are no

reports of 18F‐FDG PET/CT imaging of this disease.

KEYWORDS

18F‐FDG PET/CT, CT, mediastinum, TTH, MTH
Introduction

True thymic hyperplasia (TTH) usually presents as an anterior mediastinal mass and

causes significant challenges in its diagnosis and treatment (1). The enlargement of the

thymus occurs most often during infancy and usually spontaneously degenerates after the

age of 3 years (2). TTH is the most common benign tumor observed in pediatric patients

with tumors following chemotherapy and is essentially a rebound of the thymus gland

(3). However, TTH in children is rare, mostly has unknown etiology, and is usually not

with any comorbidity (4). Computed tomography (CT) and magnetic resonance imaging

(MRI) are mainly used to evaluate thymic lesions. 18F‐fluorodeoxyglucose positron

emission tomography/CT (18F‐FDG PET/CT) has an excellent diagnostic value in thymic

rebound and can differentiate between thymic hyperplasia (TH), thymoma, and thymic

carcinoma (5). However, there are fewer reports on the diagnostic value of 18F‐FDG PET/

CT in scanning children with TTH. Here, we describe the case of a child whose diagnosis

of TTH was based on a pathological diagnosis after surgical resection, which was
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supported by CT‐enhanced imaging and an 18F‐FDG PET/CT

scan. 18F‐FDG PET/CT is of great value in the preoperative

evaluation of pediatric patients with TTH.
Case presentation

A 3‐year‐old girl was admitted to the hospital owing to a 20‐

day history of cough and sputum without hemoptysis. Physical

examination revealed an anterior chest bulge measuring

approximately 6 × 5 cm2, firm in texture, with poor mobility,

and with no sternal pressure and rubbing sensation in the chest.

She had no other symptoms and no family history of TTH or

other diseases. Laboratory tests showed a mildly elevated lactate

dehydrogenase (LDH) at 276 U/L (reference range: 38–126 U/L),

a white blood cell count of 13.76 × 109/L (reference range: 4–10

× 109/L), and a red blood cell count of 5.09 × 1012/L (reference

range: 4–4.5 × 1012/L). However, thyroid‐related laboratory test

results were normal. In addition, neuron‐specific enolase (NSE)

and human chorionic gonadotropin levels (HCG) were normal.

The chest CT scan revealed a well‐defined irregular mass of 17 ×

10 × 7.5 cm3 in the right anterior mediastinum, with strip‐like

low‐density shadows in the lesion, and a CT value of

approximately −67 Hounsfield units, thereby suggesting

adipose tissue (Figure 1). The arterial phase showed less

vascularity and heterogeneous hypodensity within the lesion

(A, white arrow; Figure 1); the venous phase showed persistent

hypodensity (B, white arrow; Figure 1) with compression of the

cardiac cavity, right main bronchus, and occlusion of the right

main bronchus (C, red arrow; Figure 1) ; the compressed right

main bronchus and corresponding lung tissue returned to

normal (D, black arrow; Figure 1) one week after the patient

underwent chest surgery.

After a CT scan of the chest, 18F‐FDG PET/CT was

performed owing to concerns that the lesion may be

malignant. Coronal PET/CT fusion images (A; Figure 2) show

a large, heterogeneous hypermetabolic mass in the right thorax

(white arrows; Figure 2), whereas the thyroid was normal and

not hypermetabolic (green arrows; Figure 2), thereby suggesting

a thymic origin of the mass. In axial images (B: CT; C: PET/CT

fusion; D: PET; Figure 2), the uptake of FDG with an SUVmax of
Frontiers in Oncology 02
183
7.1 (white and black arrows; Figure 2) shows that the mass has

heterogeneous hyperactivity. Pathological images (E,

hematoxylin–eosin stain; original magnification × 100) showed

histologically normal thymic tissue consisting of lobules with

well‐defined cortical and medullary cells. Immunohistochemical

staining was positive for CKpan, CK19, LCA, CD3, TDT,

MDM2, and CD1a and negative for CK20, and Desmin. The

lesion was eventually diagnosed as TTH, and the patient

recovered well during the follow‐up period.
Discussion

The thymus is a gland situated in the anterior mediastinum;

it is embryologically derived from the pharyngeal pouch of the

third and fourth branchial arch (2). Its size varies with age

because thymic tissue gradually shrinks and is replaced by

adipose tissues. The thymus gland gradually invaginates

during the first 3–4 years of life (6).

TH is usually divided into two categories: TTH and

lymphatic follicular hyperplasia (LFH) (7). TTH is

characterized by a diffused thickening and enlargement of the

thymus that exceeds the corresponding upper limit of size or

mass in a normal child of the same age but maintains the normal

thymic structure and immunohistochemical features (8). TH is

often caused by chemotherapy for tumors, thermal burns, or

surgery. LFH is characterized by an increase in the number of

lymphoid follicles and germinal centers in the thymus, which

may be normal or slightly enlarged in size. LFH is associated

with several endocrine and autoimmune diseases such as

Graves’ disease, myasthenia gravis, and systemic lupus

erythematosus (9).

TTH in children is a rare clinical condition, has unknown

etiology, and often has no comorbidities. It is often referred to as

massive thymic hyperplasia (MTH) because it is characterized

by a relatively larger and heavier thymus than the thymus of a

healthy individual. The diagnostic features of MTH are as

follows: 1. radiographs show gland projection exceeding the

cardiac shadow, 2. The thymus weighs several times its expected

weight at a specific age, 3. the mass of the thymus is > 2% of the

body mass, and 4. pathological test shows normal thymus
FIGURE 1

CT images.
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structure (10). The patient in this case report largely met the

above diagnostic criteria.

The most common tumors of the anterior mediastinum in

children are tumors of thymic, lymphatic, or germ‐cell origin

(11). Tumor markers (alpha‐fetoprotein (AFP), HCG, and NSE)

are helpful in the differential diagnosis of some tumors such as

germ cell tumors (GCTs). Mediastinal yolk sac tumor is often

associated with elevated levels of serum AFP, seminoma with

elevated levels of serum HCG, and lymphoma with elevated

levels of LDH. MRI or CT scans are often used to evaluate

thymic lesions (11, 12). Mediastinal GCTs are mostly teratomas,

often containing fatty tissues and calcifications, and are easily

diagnosed. Invasion of the thymus by lymphoma usually occurs

in the setting of extensive systemic disease. Homogeneous

enlargement of the thymus with mediastinal and/or axillary

lymph node enlargement is usually diagnosed as lymphoma

(13). Previous studies have reported that 18F‐FDG PET/CT can

differentiate between benign and malignant thymic tumors but

cannot distinguish between aggressive and non‐aggressive

thymoma and still relies on morphological examination by CT

and MRI or pathological examination (8, 14, 15). In general,

benign uptake of physiological thymus or chemotherapy‐

induced thymic rebound hyperplasia is less intense on 18F‐

FDG PET/CT scans, where SUVmax is approximately 1.0–2.8.

In comparison to thymoma and TH, thymic carcinoma shows

considerably higher FDG uptake (13).

Although multimodal imaging has an excellent diagnostic

value for TTH, MRI can more easily identify mediastinal masses,

which are directly contiguous with and follow the same signal

features as the main body of the thymus (12). Moreover, MRI is

more sensitive in detecting adipose tissue in TTH, which can

enable us to accurately deduce the origin and nature of the mass.
Frontiers in Oncology
 03
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Therefore, we recommend that MRI should always be preferred

in diagnosing pediatric patients if feasible, specifically because it

is free of ionizing radiation and is therefore safe for these

patients. Unfortunately, due to our inexperience with TTH

and the suspicion that the mediastinal mass was malignant as

detected by enhanced CT, we selected 18F‐FDG PET/CT instead

of MRI for further examination.

In this case report, 18F‐FDG PET/CT scan revealed that

there was an increase in the heterogeneous hypermetabolism at

the lesion with an SUVmax of 7.1, the lung tissue adjacent to the

lesion was only compressed but not invaded, and the patient had

no lymph node metastases and distant metastases. Although 18F‐

FDG PET/CT has limited diagnostic value for thymic lesions (8,

12), especially in children, in this case report, it helped us to

determine that the lesion was benign with no adjacent tissue

invasion, which enabled subsequent surgery plans for

the patient.

Most previous case reports suggest that treatment of TTH

with steroids is usually ineffective; therefore, surgical resection is

a better option (6, 10, 16). Finally, the patient underwent

complete surgical resection of the mediastinal tumor and

recovered well after surgery without any postoperative

complications. Therefore, we recommend that surgical

resection should be the first option for pediatric patients with

TTH because this tumor is non‐invasive to adjacent tissues

and easily resectable, and the surgery is free of any

postoperative complications.

In conclusion, 18F‐FDG PET/CT is of great value in the

preoperative diagnosis and assessment of pediatric patients with

TTH. In addition, awareness of these findings is important in the

interpretation of PET/CT scans of anterior mediastinal masses

in young children.
FIGURE 2

18F FDG PETCT images and pathologic picture.
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Successful treatment of a
patient with advanced lung
adenocarcinoma (EGFR-T790M
and C797S cis) with lazertinib: A
case report and literature review

Yue Fang, Qiankun Zhang, Weimin Wang, Juanjuan Tong
and Xialin Li*

Hefei Cancer Hospital, Chinese Academy of Sciences, Hefei, China
Lazertinib has been shown to treat non-small cell lung cancer (NSCLC) patients

with EGFR-T790M, Ex19del, and L858R mutations. However, there are still no

studies to prove that lazertinib could be used in patients with EGFR-T790M and

C797s cis mutations in NSCLC. We report a case of a patient with advanced

lung adenocarcinoma with EGFR-T790M and C797s cis mutations who were

treated with lazertinib and achieved satisfactory efficacy without serious side

effects. And the scratch assay and colony-forming unit assay were performed

using lung adenocarcinoma cells from patients, the results showed that both

lazertinib and amivantamab could inhibit the proliferation andmigration of lung

adenocarcinoma cells to some extent, and the inhibitory effect of lazertinib was

better than that of amivantamab (p < 0. 01), while the inhibitory effect of

lazertinib combined with amivantamab was not statistically different from that

of lazertinib alone(p>0.05). This finding suggests that lazertinib may be an

effective treatment option for patients with lung adenocarcinoma presenting

with EGFR-T790M and C797s cis mutations.

KEYWORDS

lazertinib, lung adenocarcinoma, EGFR-T790M, C797s, case report
Introduction

Lung cancer remains one of the most prevalent malignancies that damage human

lives, with approximately 1.7 million deaths from lung cancer worldwide in 2020, as

reported by Sung et al (1). Adenocarcinoma of the lung is the most common type of

pathology in lung cancer, accounting for approximately 45% of the total number of cases.

The five-year survival rate for patients with lung adenocarcinoma is only 15%, as most

patients are already in the progressive stage at the time of initial diagnosis (2, 3). Lung
frontiersin.org01
186

https://www.frontiersin.org/articles/10.3389/fonc.2022.1037964/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1037964/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1037964/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1037964/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1037964/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1037964&domain=pdf&date_stamp=2023-01-09
mailto:945666341@qq.com
https://doi.org/10.3389/fonc.2022.1037964
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.2022.1037964
https://www.frontiersin.org/journals/oncology


Fang et al. 10.3389/fonc.2022.1037964
adenocarcinoma displays a high degree of heterogeneity, with

frequent mutations in multiple genes, including epidermal

growth factor receptor (EGFR), anaplastic lymphoma kinase

(ALK), v-raf murine sarcoma viral oncogene homolog B1

(BRAF), and Kirsten ratsarcoma viral oncogene homolog

(KRAS), which can promote the progression of this cancer.

EGFR mutations are the most common gene mutation in

patients with lung adenocarcinoma, present in approximately

50-60% of Asian patients; most patients with these mutations

have a low survival rate (4).

EGFR-TKIs are a class of targeted drugs that target EGFR

mutations, and previous studies have shown that patients are

best treated when their sensitive mutation is most frequently

found in exon 19 or exon 21 mutations (5). However, first-

generation EGFR-TKIs, such as gefitinib, often developed

resistance to the drugs after some time (6). It was found that

approximately 55% of patients who developed drug resistance

had a T790M mutation after first or second-generation EGFR-

TKIs treatment, which severely affected survival (7).

Lazertinib, the third-generation EGFR-TKIs approved by the

US Food and Drug Administration (FDA) in 2021, was found in

previous studies that are effective in improving lung

adenocarcinoma patients with T790M mutations (8). However,

some patients with lung adenocarcinoma may develop T790M

and C797s mutations after taking third-generation EGFR-TKIs,

which may lead to drug resistance again. There is still no effective

treatment for lung adenocarcinoma patients with both T790M

and C797s cis mutations.

Here, we report a case of a patient with advanced lung

adenocarcinoma with brain metastases and who had stable

disease (SD) after 6 courses of treatment with lazertinib, with

no significant side effects.
Methods

Primary cells culture

The lung tissue was removed by bronchoscopic puncture

under general anesthesia, placed in a sterile dish and transferred

to an ultra-clean table, cut into 1-2 mm3 pieces, and digested by

adding 2 ml of 0.25% trypsin (Beyotime, Shanghai) in a water

bath at 37°C for 30 min. Excess digestate was discarded, followed

by 3 gentle rinses in PBS (Gibco, USA) and 1 rinse in DMEM

(Gibco, USA). Discard excess medium, add 5ml of 10% serum

medium, disperse well with a pipette to make a cell suspension,

and count under a microscope with a cell counting plate. Cells

were placed in DMEM medium with 10% FBS and incubated at

37°C with 5% CO2 (9, 10). The cells were recovered and tested by

NGS to confirm that the mutation sites were unaltered, and the

results showed EGFR T790M and C797s mutations with

mutation frequencies of 26.65% and 20.50%, similar to the
Frontiers in Oncology 02
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results of the third NGS test in this patient, and the cells were

subsequently used in the experiment.
Cell scratch assay

Cells were spread evenly in 6-well plates (3x104/well). 3ml of

cell culture medium was added and incubated in the incubator.

When the cells are 90% fused, discard the medium and rinse

gently with PBS twice. Discard the PBS and make vertical lines in

the wells with a 200 ml sterile tip. The suspended cells were then

gently washed away with PBS and 3 ml of cell culture medium

was added. Photographs were taken at 0h and 24h of scratching,

respectively, under a microscope (Olympus, China), and the

widths were measured and calculated (11).
Colony-forming unit assay

Digest the cells with 0.25% trypsin for 5 min, add 1 ml of

medium to resuspend the cells; evenly spread the mixed cells

into a 6-well plate (1×103/well), continue to culture for 10 days,

change the medium every 3 days and observe the cell status;

After the cloning was completed, the cells were photographed

under the microscope, then gently rinsed once with PBS, fixed

with 1 mL of 4% paraformaldehyde per well for 30 min, and then

gently rinsed with PBS once; shake the six-well plate to cover the

staining solution evenly, and incubate for 10 min; then wash the

cells three times with PBS, and take pictures for counting after

drying (12).
Statistics

All experiments in this study were repeated three times (n =

3). GraphPad Prism software 7.0 (Beijing, China) was used to

generate graphs, and SPSS 23.0 (IBM, USA) was used for the

statistical analysis of the data. The t-test was used for

comparisons between groups. The statistical significance level

was set at p < 0.05.
Case report

The patient was a 37-year-old Chinese female. In December

2017, the patient visited Nanjing Drum Tower Hospital for "pain

in the right lower limb". MRI suggested a lower limb femoral

lesion. PET-CT results showed that right lung cancer has multiple

metastases in the lung, brain, and bone(T3N2M1). Pathology

revealed a lung adenocarcinoma lesion, and IHC assay revealed

CK7(+), AE1/AE3(+), TTF-1(+), CDX2(-), PAX8(-), NapsinA(-),

P63(-), GATA3(-), CK20(-) (Figures 1A, B). NSG sequencing
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suggests EGFR mutations (p.GLY719Cys (22.34%) and EGFR-

p.Glu709Val (23.24%) in lung adenocarcinoma.

For further treatment, the patient was transferred to Hefei

Cancer Hospital of Chinese academy of science on 11 January,

2018. The physical examination showed the patient's right lung

breath sounds were lower than the left, and the right anterior

chest was painful on deep inspiration. The patient denied having

a family history of oncologic disease. In January 2018, she started

treatment with erlotinib (150mg, QD) in combination with

bevacizumab (7.5mg/kg). In November 2018, chest CT

findings suggested progression of the right lung lesion. The

second NGS test was performed in November 2018 and the

results suggested EGFR T790M mutation (G719X (24.56%) and

T790M (27.81%)) and a change of treatment to osimertinib

(80mg, QD).

In November 2019, the patient had a severe headache and a

cranial CT showed progression of the brain metastases. Then a

change of treatment to bevacizumab + osimertinib and patient

headache relief.

In May 2021, the patient was readmitted with a severe

headache with vomiting. Cranial MR showed multiple

abnormal signals in the left frontoparietal-occipital lobe, basal

ganglia region, thalamus, and right cerebellar hemisphere

(Figure 2A). The third NGS test revealed EGFR-T790M and

C797s cis mutations(G719C (17.86%), T790M (24.56%) and

C797S(21.37%)) and subsequent discontinuation of targeted

treatment with osimertinib, which changed to temozolomide +

cisplatin + bevacizumab treatment.

On May 28, the patient suffered a sudden onset of

unconsciousness with paroxysmal limb twitching and

dyspnoea. After tracheal intubation, cranial pressure reduction,

sedation, and anti-epileptic treatment, vital signs gradually

stabilized. To relieve the patient's symptoms, treatment with

gammaglobulin was from April 3rd to 7th. Afterward, the

patient's state of consciousness and limb weakness improved

compared to before. On June 19, CT of the chest showed

pulmonary atelectasis and pleural effusion (Figure 2B).
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Amivantamab (350mg/d) single-drug anti-tumor therapy

for 6 cycles begins on July 19, 2021. On October 9, CT of the

chest showed an increase in the size and number of diffuse

nodules in both lungs, suggesting progression of the disease

(Figure 3A). On October 19, treatment with lazertinib in

combination with amivantamab (240mg QD + 700mg d1) was

started. The patient's headache subsided, and a chest CT showed

a reduction in lung lesions, improved relief of atelectasis, and a

reduction in lymph nodes in the lungs on December 30, 2021.

The condition was disease-stable (Figure 3B). Until our last

follow-up in July 2022, the patient was still living and without

serious adverse effects. Statistically, the patient had an OS of 54

months Figure 4.
Discussion

Lazertinib (YH25448) is a new, highly potent third-

generation EGFR-TKI with good anti-tumor effects in patients

with single (Ex19del, L858R, T790M) and dual (Ex19del/T790M

and L858R/T790M) EGFR mutations (13, 14).

In a phase 1-2 clinical study by Ahn (15) et al. 127 patients

with non-small cell lung cancer with EGFR (L858R, exon 19

deletions, G719X, or L861Q) mutations were enrolled, and

approximately 54% of these patients achieved an objective

response rate after oral lazertinib.

In addition, in a subgroup analysis of 127 patients divided

into 108 patients with T790M-positive mutations and 19

patients with T790M-negative mutations, the objective

response rate was approximately 64% in the T790M-positive

group and 37% in the negative group after treatment with

lazertinib and no significant side-effects. This study confirmed

that lazertinib is effective in treating patients with non-small cell

lung cancer and is more efficient in patients with T790M

mutations. In a study exploring the cardiac safety of lazertinib,

a total of 181 patients with EGFR mutation-positive advanced

NSCLC treated with lazertinib were enrolled, and the result
A B

FIGURE 1

Biopsy pathology of a tumor of the lung lesion. (A) HE staining of the patient’s lung lesion, (B) IHC staining of the patient’s lung lesion.
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showed that lazertinib did not cause serious cardiotoxicity (16).

The above findings suggest that lazertinib is effective in the

treatment of NSCLC patients with the T790M mutation without

serious toxic effects. In addition, the previous study has also
Frontiers in Oncology 04
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confirmed the anti-tumor effects of lazertinib in vitro studies. To

further understand the content of previous studies related to

lazertinib, we have summarized general information about

patients involved in these studies in Table 1, such as race and
A

B

FIGURE 3

The CT of the chest after lazertinib and amivantamab treatment. (A) Increased size and number of diffuse nodules in both lungs on chest CT
after amivantamab alone on October 9, 2021; (B) Decreased size and number of diffuse nodules in both lungs on chest CT after lazertinib in
combination with amivantamab on December 30, 2021.
A

B

FIGURE 2

The cranial MR and CT of the chest before and after lazertinib and amivantamab treatment. (A) In May 2021, cranial MR showed multiple
abnormal signals in the left frontoparietal-occipital lobe, basal ganglia region, thalamus, and right cerebellar hemisphere; (B) In July 2021, CT of
the chest showed pulmonary atelectasis and pleural effusion.
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gender . In addition, in the study by Yun (14) et al. lazertinib was

found to be effective in blocking EGFR and downstream

signaling pathways in lung cancer cells, and in the nude

mouse transplant tumor model, lazertinib was more effective

than osimertinib in anti-tumor progression by using the

same concentration.

We report a case of a female patient with advanced lung

adenocarcinoma who developed T790M and C797s cis

mutations after gefitinib, chemotherapy, and osimertinib, and

whose disease continued to progress after three months of

amivantamab, while tumor progression was significantly

inhibited after the combination of lazertinib. In contrast to our

report, Park et al (17). reported a patient with EGFR-T790M and

C797s cis mutations after treatment of lazertinib. This is

contrary to the results of our report, with such a little

information that the authors provided, we are unable to

determine exactly what caused this patient to be resistant to

lazertinib. But in cell viability assay and western blot assay, the

cells drived from patient were also shown a c-METmutation and

resistence to savolitinib(c-Met inhibitor). As reported in

previous studies, c-MET mutation is one of the common

bypass mutations in lung adenocarcinoma patients with EGFR

mutation who develop drug resistance (18). Therefore, we

speculate that the patient had a T790M and C757s mutation

along with a c-MET mutation, which led to stimulated resistance

to lazertinib. However, this conjecture still needs to be further

confirmed by extensive in vivo and vitro experiments.
Frontiers in Oncology 05
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In our report, the patient was treated with lazertinib in

combination with amivantamab. To clarify which of these two

drugs exerted an anti-cancer effect, we investigated the inhibitory
TABLE 1 Previous clinical studies related to lazertinib.

Authors Year of publica-
tion

Number of partici-
pants Race Median age/

age Sex Treatment
regiem

Ending
points

Ahn, et al
(15)

2019 127 Asian NA
Female and
male

lazertinib ORR and AEs

Jang, et al
(16)

2021 181 Asian 62
Female and
male

lazertinib
Cardiac-related
AEs

Park, et al
(17)

2020 1 Asian 38 Male lazertinib NA

NA, unknown.
FIGURE 4

Timeline of treatment.
FIGURE 5

Figure of analysis process.
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effects of these two drugs on cell invasion and proliferation by

culturing patient-derived lung adenocarcinoma cells (T790M and

C797s cis) and cell scratch assay and Colony-forming unit assay.

Our analysis process is showing in Figure 5.

Con: only patient-derived lung adenocarcinoma cells

(T790M and C797s cis) ; Laz: patient-derived lung

adenocarcinoma cells (T790M and C797s cis)+ lazertinib (1 µ/

mol); Ami: patient-derived lung adenocarcinoma cells (T790M

and C797s cis)+ amivantamab (1 µ/mol); Laz+Ami:patient-

derived lung adenocarcinoma cells (T790M and C797s cis)+

lazertinib (1 µ/mol)+amivantamab. ** and ***p< 0.01, 0.001,

respectively, compared to the control group.

The results showed that both lazertinib and amivantamab

could inhibit cell proliferation and migration, and the inhibitory

effect of lazertinib was better than that of amivantamab (p <

0.01), while the inhibition effect of lazertinib combined with

amivantamab was not statistically different from that of

lazertinib alone (Figures 6A, B, p > 0.05). This result suggests

that lazertinib is effective in treating lung adenocarcinoma

patients with EGFR-T790M and C797s mutations, while the

combination of amivantamab did not significantly improve the

treatment effect.

Our study is the first to report successful treatment with

lazertinib in patients with advanced lung adenocarcinoma with

EGFR-T790M and C797s cis mutations and validated this

conclusion with in vitro experiments. However, our study has

some shortcomings, such as: 1. only one patient report; 2. lack of

evidence from animal studies. These shortcomings will be

improved in our future studies.
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Conclusion

We here report a case of advanced lung adenocarcinoma

(T790M and C797s cis mutations) successfully treated with

lazertinib with an OS of 54 months, and confirm the

therapeutic effect of lazertinib by in vitro experiments. This

finding is expected to help patients with lung adenocarcinoma

who also have T790M and C797s cis mutations choose their

treatment subject.
Patients perspective

I was initially suffering from pain in the right lower limb and

was diagnosed with lung cancer in another hospital. Therefore, I

came here with the aim of better treatment. Doctor Li and Fang

have devised a comprehensive treatment plan for me. One day in

2021, I fell into a coma and Dr Li informed my husband that I

might have become drug-resistant again, which led to the non-

stop progression of lesions in my lungs and brain. After another

genetic test, Dr Fang told me that I had a rare mutation for

which there was no targeted drug and suggested I try lazertinib

or amivantamab. The doctors then treated me with

amivantamab, but unfortunately my disease continued to

progress. Dr Li and Dr Fang then treated me with lazertinib

and my disease finally stabilized after a few treatments. I am very

grateful to the doctors for helping to ease my pain and extend my

life. I agreed to share my medical history and Specimens, I have

already signed an informed consent form.
A

B

FIGURE 6

The effect of lazertinib and amivantamab on migration and proliferation of patient’s lung adenocarcinoma cells. (A) Scratch assay shows
lazertinib inhibits migration ability of lung adenocarcinoma cells better than amivantamab; (B) Colony-forming unit assays shows lazertinib
inhibits lung adenocarcinoma cell proliferation ability more than amivantamab. *p < 01, ***p < 0.001.
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Background: The occurrence of acute promyelocytic leukemia (APL) during

the management of lung cancer is rare and life-threatening. It was mainly

reported to be secondary to chemoradiotherapy. A few studies reported an

increased incidence of therapy-related acute promyelocytic leukemia (t-APL)

after gefitinib became available.

Case presentation: We reported a patient who developed thrombocytopenia

after receiving oral osimertinib in combination with intensity-modulated

radiotherapy (IMRT). For half a year, she had an unrecoverable low platelet

count, which progressed to concomitant leukopenia and the transient

appearance of orthochromatic normoblasts in the peripheral blood test,

indicating a dormant myeloid disorder. Due to simultaneous resistance to

epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKI),

pembrolizumab and granulocyte colony-stimulating factor (G-CSF) were

administered, revealing prominent signs of hematological malignancy in a

peripheral blood test that was later identified as t-APL.

Conclusion: In general, patients undergoing EGFR-TKI combined with local

radiotherapy should be concerned about their hematological assessment. If

patients exhibit unrecoverable abnormalities in routine blood tests, a secondary

nonsolid malignancy other than myelosuppression should be considered, and

further lung cancer treatment should be discontinued.

KEYWORDS

therapy-related acute promyelocytic leukemia, osimertinib, granulocyte colony-
stimulating factor, pembrolizumab, lung cancer
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Introduction

Therapy-related acute myeloid leukemia (t-AML) secondary

to the administration of chemotherapy and radiotherapy has been

considered an exceptional and serious complication with an

antecedent malignancy (1). As a fatal subtype of AML, acute

promyelocytic leukemia (APL) is commonly characterized by a

balanced chromosomal translocation between chromosomes 15

and 17 t-(15;17) (q24; q21), which leads to promyelocytic

leukemia (PML)-retinoic acid receptor-a (RARa) rearrangement

(2). Comparatively, t-APL may be favored to harbor additional

cytogenetic abnormalities, commonly occurring in chromosomes

5, 7, and 17 (3, 4).

According to a systematic review, therapy-related APL

following breast cancer is frequent in clinical practice (5).

There are scattered reports of APL secondary to lung cancer

and corresponding treatment.

Chemotherapy, radiotherapy, or both for prior neoplasms

are demonstrated contributors to the development of t-APL (4,

6, 7). Current therapeutic strategies for lung cancer have

flourished due to the emergence of targeted agents,

immunotherapy, and the transition from conventional

radiotherapy to intensity-modulated radiotherapy (IMRT).

However, there is scarce evidence regarding APL in these

novel therapies (8, 9).

Herein, we report a case of t-APL with advanced non-small

cell lung cancer (NSCLC) after targeted therapy and IMRT

followed by granulocyte colony-stimulating factor (G-CSF)

and immune checkpoint inhibitor (ICI) treatment. Since t-

APL shows a similar remission rate to de novo APL (80%) but

a high risk of life-threatening coagulopathy (5, 10), we delineated

the details so that clinicians may timely notice and treat the

complication during the management of lung cancer.
Case report

A 58-year-old woman was diagnosed with lung

adenocarcinoma with an EGFR-L858R mutation and thoracic

vertebral (T5 and T11) invasion in January 2021. Osimertinib

was started in February 2021 at a dose of 80 mg/day. The patient

received IMRT at the T5 (3,000 cGy 10 times, 2,100 cGy 7 times)
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and T11 (3,000 cGy 10 times, 2,100 cGy 7 times) from 3 to 17

June 2021 and 24 June to 5 July 2021, respectively. In June 2021,

the patient complained of subtle ostealgia, and her laboratory

tests revealed mild thrombocytopenia. While continuing

osimertinib, the patient was followed up every 2 months until

she achieved partial remission (PR). During that time, her

platelet count was consistently 50–90 × 109/L (Table 1), with

no signs of hemorrhage.

In March 2022, the patient reported a mildly aggravated

ostealgia. A computed tomography (CT) scan in March 2022

revealed metastasis in the left humerus and sternum. Considering

EGFR-TKI resistance, the clinician performed a tissue rebiopsy

after withdrawing osimertinib. Peripheral blood test upon

admission displayed thrombocytopenia, leukopenia, and

orthochromatic normoblast appearance (Table 1), and

coagulation parameters are shown in Supplementary Table S1.

The pathological result of the rebiopsy is shown in Supplementary

Table S2. Because spontaneous thrombocytopenia remission was

predicted on 7 June 2022 (Table 2), immunotherapy combined

with platinum-based chemotherapy was recommended. On the

day when pembrolizumab at 200 mg/dl was administered, the

patient experienced severe ostealgia all night. After receiving G-

CSF and interleukin (IL)-11, myeloblasts containing Auer’s body

appeared in her peripheral blood. Considering the possibility of

APL, we monitored her coagulation parameters (Supplementary

Table S1). A bone marrow aspiration was performed after

stopping G-CSF and IL-11 treatment for 3 days. The bone

marrow cytology revealed 68% promyelocytes, indicating t-APL

(Supplementary Figure S1). Marrow flow cytometry (FCM)

confirmed the finding (Figure 1). The identification of a rare

PML/RARa (Bcr 3) fusion gene suggested acute myeloid

rearrangement. There was no mutation in any common AML

prognostic gene, including FLT3, dupMLL, IDH1, IDH2, NPM1,

KIT, NRAS, CEBPA, DNMT3A, PHF6, TET2, ASXL1, RUNX1,

TP53, and WT1. Chromosome karyotypic analysis showed 46,

XX, add (7, 11), t (15;17) (q24; q21) [6]/46, XX [14] (Figure 2).

Subsequently, the patient underwent all-trans retinoic acid and

arsenic acid induction therapy. During the induction therapy,

fever, hypotension, and pleural effusion occurred. Dexamethasone

and vasopressor agents were also administered. She was

successfully cured eventually. In September 2022, she received

chemotherapy for lung cancer after documenting the complete
TABLE 1 Peripheral blood tests during osimertinib and adjuvant IMRT.

2,021.6.10 2,021.7.1 2,021.8.5 2,021.10.25 2,021.12.21 2,022.1.24 2,022.3.21 2,022.4.30

Hb (g/L) 130 129 112 125 127 128 119 116

WBC (109/L) 5.5 3.97 3.97 4.14 3.73 3.84 3.08 1.9

PLT (109/L) 83 58 55 66 81 86 68 37

ON (/100 cells) 0 0 0 0 0 0 0 1

Hb, hemoglobin; WBC, white blood cell; PLT, platelet; ON, orthochromatic normoblast; IMRT was started on 3 June 2021.
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FIGURE 1

Bone marrow flow cytometry.
TABLE 2 Peripheral blood tests during usage of G-CSF and pembrolizumab.

2,022.5.1 2,022.5.3 2,022.5.5 2,022.5.9 2,022.6.7 2,022.6.10 2,022.6.13

Hb (g/L) 103 96 104 96 96 89 94

PLT (109/L) 36 35 42 63 97 49 49

WBC (109/L) 4.64 2.77 2.91 2.15 1.49 4.13 4.74

ON (/100 cells) 0 0 0 1 0 1 0

Myeloblast (109/L) 0 0 0 0 0 0 2

Promyelocytes (%) 0 0 0 0 0 0 1

G-CSF + − + + − + +

Hb, hemoglobin; WBC, white blood cell; PLT, platelet; ON, orthochromatic normoblast; G-CSF, granulocyte colony-stimulating factor; “+” G-CSF was injected; “−” G-CSF was not used.
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remission of APL. She is now being followed up by telephone

every month.

The patient had no history of any hematological disease

that could lead to acute leukemia, such as lymphoma,

myelodysplastic syndromes (MDS), multiple myeloma, and so

on. She denied any hematological disease history in her

family members.
Discussion

EGFR-TKI ± radiotherapy is the first-line treatment for

advanced NSCLC patients with EGFR mutation and

oligometastasis (12). Studies demonstrated that radiation was

the inciting factor for myeloid neoplasms, including all AML

categories and MDS (5, 7, 13). Lung cancer treated with radiation

showed an increased relative risk of AML/MDS over the next 1–12

years (14). Ionizing radiation may prompt reactive oxygen species,

causing DNA double-strand breaks (15). However, the

radiotherapy modality research involved mainly encompassed

external beam therapy (EBRT) and brachytherapy. The use of

IMRT increased in the past few years because of its superior safety

and fewer side effects. Modulated radiation beams and sculpted

radiation doses ensure precise coherence with geometric targets

and enhanced therapeutic effects (16). A study revealed that

secondary MDS/AML could be provoked by IMRT in prostate

cancer patients (17). Hematological toxicity, such as
Frontiers in Oncology 04
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thrombocytopenia, was also observed in malignant pleural

mesothelioma patients treated with IMRT (18). However, it has

not been reported as a factor for hematological malignancy or

toxicity in lung cancer patients.

Patients with radiation-induced secondary malignancies tend

to experience a long latency period (19, 20). Paradoxically, the

intervals between initial radiotherapy and our patient’s

thrombocytopenia and t-APL diagnosis were 7 days and 12

months, respectively. In 2006, Keitaro et al. observed a clustered

incidence of acute promyelocytic leukemia in NSCLC cases

treated with first-generation EGFR-TKI gefitinib (8, 21).

Notably, all the observed cases reported cytopenia, especially

thrombocytopenia in the beginning. The authors suggested that

the t-APL inducibility of gefitinib should be further elucidated. In

2016, clinicians from Japan found a chronic myelomonocytic

leukemia blast crisis when synchronous lung adenocarcinoma was

treated by EGFR-TKI (22). Another study in 2021 reported a case

of thrombocytopenia with immature cells in the peripheral blood

during receiving erlotinib, which turned out to be t-AML (11). To

date, no report has identified hematological malignancies while

the patient was receiving osimertinib treatment. We identified

transient orthochromatic normoblasts in our patient’s peripheral

blood on 30 April 2022, during osimertinib treatment in our case.

Furthermore, subsequent G-CSF and IL-11 after TKI cessation did

not ameliorate her thrombocytopenia and emerging leukopenia

from 30 April 2022 to 9 May 2022 (Table 2), signifying a

hematopoiesis disorder such as MDS and acute myeloid
FIGURE 2

Marrow chromosomal analysis.
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leukemia. Hence, we speculated that continuous usage of third-

generation EGFR-TKI osimertinib may hasten the secondary

APL. Regrettably, bone marrow aspiration was not performed

when cytopenia occurred during continuous EGFR-TKI and

regional radiotherapy treatment.

T-APL was not confirmed until the administration of a second-

line therapy comprising pembrolizumab and chemotherapy. G-CSF

is a hematopoietic glycoprotein produced by monocytes,

macrophages, fibroblasts, and endothelial cells (23). It is used to

accelerate neutrophil recovery after chemotherapy by regulating cell

cycle activation, proliferation, and terminal maturation (23).

Researchers revealed that congenital neutropenia patients on G-

CSF are more susceptible to developing MDS/AML over time (24).

Granulocyte colony-stimulating factor has also been shown to be a

risk factor for AML/MDS in breast and lung cancer populations

(25). Promyelocytes containing Auer’s body indeed emerged in our

patient’s peripheral blood after G-CSF usage. Nevertheless,

progressive thrombocytopenia, leukopenia, and orthochromatic

normoblast were virtually presented in her peripheral blood

before G-CSF usage, when she was still undergoing osimertinib

treatment. Considering that t-APL typically occurs without the

prodromal, preleukemic, and myelodysplastic phases (5), we

speculated a likelihood of t-APL existence prior to the use of G-CSF.

Immunotherapy plays a critical role in NSCLC. PD-1-binding

pembrolizumab disrupted its anchoring to PD-L1, impeding the

inhibition of T cells and mounting its recognition to tumor cells

(26). There is only one case report to date about t-APL involving

the history of pembrolizumab treatment (9). According to our

observation, the intravenous infusion of pembrolizumab

aggravated the patient’s chronic ostealgia acutely. The association

between pembrolizumab and t-APL remained occult. Of interest,

the refractory leukopenia was alleviated but the thrombocytopenia

was exacerbated following pembrolizumab and G-CSF (Table 2).

This phenomenon resembled Paola’s study, which found that G-

CSF injection worsened anemia in breast cancer patients receiving

chemotherapy (27), and it is hypothesized that granulopoietic

lineages competed with erythropoietic lineages for differentiating

hematopoietic cell stems.

Altogether, our patient had been exposed to a series of

predisposing factors to t-APL, making it difficult to ascertain

that the third-generation EGFR-TKI osimertinib was the sole

and determining cause of the complication. However, it is

reasonable to conclude that the myeloid disease developed

during IMRT plus continuous osimertinib. Further evaluation

based on a larger sample size is warranted. Regardless, a

widespread matter of osimertinib resistance gives rise to novel

therapy exploration (28). KEYNOTE-789 is an ongoing trial

assessing platinum-based chemotherapy combined with

pembrolizumab for this entity. EGFR-TKI, radiation, G-CSF,

and chemotherapy agents are all widely used, increasing the risk

of a secondary hematological disease and even malignancy.

Given the positive response of t-APL to all-trans retinoic acid

therapy, a key problem now is determining whether we can
Frontiers in Oncology 05
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identify those nearly asymptomatic patients early and withhold

APL-facilitating interventions. Thus, after the patients achieved

hematological remission, should the treatment strategy for lung

cancer be persisted?
Conclusion

We first reported the identification of t-APL when the

patient acquired resistance to osimertinib. Chemotherapy,

radiotherapy, or both have been demonstrated to be risk

factors for t-APL. Previous reports and our case supported

positive concern for such complications, given the widespread

usage of EGFR TKI and resistance to targeted therapy
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Case Report: A case of
synchronous right upper lobe
adenocarcinoma and left lower
lobe squamous cell carcinoma
treated with immune checkpoint
inhibitor plus chemotherapy

Yujiao Liu1, Han Yu2, Youhong Dong3 and Dongdong Zhang3*

1State Key Laboratory of Separation Membranes and Membrane Processes, School of Chemistry,
Tiangong University, Tianjin, China, 2Department of Pathology, Xiangyang No.1 People’s Hospital, Hubei
University of Medicine, Xiangyang, China, 3Department of Oncology, Xiangyang No. 1 People’s Hospital,
Hubei University of Medicine, Xiangyang, China
Globally, lung cancer is the leading cause of cancer-related mortality. Multiple

primary lung cancers (MPLC) account for a very small portion of all primary lung

cancer cases. Importantly, a quick and precise differentiation between MPLC and

intrapulmonary metastases is directly related to patient prognoses as treatment

strategies vary according to pathological type. Synchronous MPLC are most

commonly seen in the same lung. Here, we report a rare case of a patient with

synchronous MPLC of both lungs. A 67-year-old man, with a 1-month cough and

expectoration history, was admitted in our hospital. Computed tomography (CT)

chest scan revealed a lower lobe nodule in the left lung and an upper lobe nodule

in the right lung. He underwent successive fiberoptic bronchoscopy and CT-

guided percutaneous pulmonary aspiration biopsy of both lungs. The pathological

diagnosis was squamous cell carcinoma of the left lung and adenocarcinoma of

the right lung.

KEYWORDS

multiple primary lung cancers, intrapulmonary metastases, squamous cell carcinoma,
adenocarcinoma, synchronous MPLC
Introduction

An early diagnosis and the increasing effectiveness of cancer therapies have significantly

prolonged overall survival times in cancer patients. However, cancer survivors had a higher

risk of developing new malignancies when compared with the general population. This

situation poses new problems which are manifested as soaring incidences of multiple

primary tumors (1).
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Globally, lung cancer is the most common cause of cancer death,

with the lungs one of the most common sites in terms of multiple

primary malignancy (2). Initial diagnostic criteria for “multiple

primary lung cancers” (MPLC) were published in 1975 based on

histology and tumor locations (3). However, these criteria could not

differentiate MPLC from intrapulmonary metastases (IPM).

Furthermore, special cases may be misdiagnosed as MPLC without

the pathological confirmation of every lesion, such as lepidic

adenocarcinoma, it displays multiple pure ground-glass opacity

lesions by computed tomography (CT) (4). In 2015, the World

Health Organization Classification of Tumors of the Lung redefined

MPLC diagnostic criteria and recommended a multidisciplinary

tumor board approach to confirm the diagnosis (5). In addition to

histological subtyping, algorithms based on comprehensive clinical

and imaging variables and comparative genomic hybridization array

information, were also applied to differentiate MPLC from IPM (6, 7).

MPLC is subdivided into two categories depending on the time of

diagnosis of each primary site; metachronous MPLC (MMPLC) and

synchronous MPLC (SMPLC). MMPLC is common and generally

occurs in sequence after more than a 2-year cancer-free interval, while

SMPLC is relatively rare and presents simultaneously or within a six

months interval (8). In this study, we present a SMPLC case with right

upper lobe adenocarcinoma and left lower lobe squamous cell carcinoma.
Case presentation

On December 28th, 2020, a 67-year-old male came to our institute

with a 1-month history of fever, cough and expectoration. He had

smoked for 20 years. A physical examination revealed moist rales in

the left lung base. From routine blood tests, the white blood cell count

was 18.68×109/L. Inflammatory indicators, such as C-reactive protein

and procalcitonin, were significantly elevated. Tumor marker detection

indicated carcinoembryonic antigen serum levels were slightly elevated.

Sputum cultures suggested a fungal infection. CT scan identified an

infectious lesion in the left lower lobe, accompanied by pulmonary

atelectasis and an upper lobe nodule in the right lung (Figure 1A). He

then underwent fiberoptic bronchoscopy (FB). The pathological

diagnosis from this was squamous cell carcinoma of the left lung.

Hematoxylin and eosin (HE) staining showed squamous cell

carcinoma (Figure 2A). Immumohistochemical staining (IHC) showed

a P40, P63, and CK5/6 positive status (Figures 2B–D). Considering a

fungal infection in the left lower lobe and atelectasis, he first received anti-
Frontiers in Oncology 02200
infection therapy for approximately 1 month. The patient was then

admitted and reviewed on January 23rd, 2021, a chest CT indicated that

the soft tissue mass and obstructive atelectasis in the left lower lobe were

absorbed (Figure 1B). Considering bilateral lung metastases before

treatment, he received adjuvant chemotherapy as an initial treatment.

After four cycles of docetaxel plus nedaplatin (TP) regimen, CT showed a

partial response in the left lower lobe; however, the right lung nodule

showed no significant change (Figure 1C). To make a definite diagnosis

of the right lung lesion and inaugurate timely and responsive clinical

treatment, he underwent a percutaneous right lung puncture biopsy

guided by CT. Pathological examination showed changes which were

completely different from the left lung (Figure 3A). IHC staining showed

that CK7 and TTF-1 were strongly positive, while NapsinA was weakly

positive (Figures 3B–D), therefore, the pathological diagnosis was

adenocarcinoma. Genetic testing indicated a TP53 mutation, EGFR was

wild type, and the tumor cell proportion score was 5%. After completion

of the 5th TP regimen cycle on May 14th, 2021, CT showed a very good

partial response in the left lower lobe, while the right lung nodular was

larger than before (Figure 1D). Considering the significant regression of

the left lung lesion, the patient commenced adenocarcinoma treatment.

He received stereotactic radiotherapy on June 14th, 2021, the prescribed

dose was 60.0 Gy in eight fractions. He subsequently received immune

checkpoint inhibitor (ICI) therapy in combination with pemetrexed and

carboplatin (PP). The right lung lesion had obviously diminished after

completion of the first immunochemotherapy cycle (Figure 1E) and he

achieved very good remission in both lungs after three cycles of this

regimen (Figure 1F). Due to the frequency of grade III-IV

myelosuppression and pulmonary infection, he was given another

three cycles of pemetrexed plus ICI, followed by intensity modulated

radiation therapy for the left lung lesion. The prescribed pulmonary dose

was 60.0 Gy, with daily fractions of 2.0 Gy. Finally, paclitaxel plus ICI was

administrated every 3 weeks for maintenance treatment. Currently, the

patient exhibits no evidence of disease recurrence and progression.

Detailed diagnosis information and a treatment flow chart are

shown (Figure 4).
Discussion

We report a patient with SMPLC who was successively diagnosed

with left lung squamous cell carcinoma and right lung

adenocarcinoma. SMPLC were identified in 1924 and then were

widely recognized. The estimated SMPLC incidence accounts for
FIGURE 1

Computed tomography (CT) scan of the patient throughout the whole course of diagnosis and treatment. Figures A-E, imaging changes of chest CT
(mediastinal window and pulmonary window) at different times.
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0.2%–8% of all lung cancers and has steadily increased over the past

three decades (9).

MPLC may be caused by intrinsic and non-intrinsic cancer risk

factor; intrinsic risk factors are defined as the genetic mutations

caused by DNA replication errors, including EGFR, KRAS, TP53, or

PARP1 mutations (10). Non-intrinsic risk factors refer to modified

endogenous factors, including lifestyle, radiation, and any other

endogenous factors. It is accepted that smoking and the widespread

use of high-resolution CT and positron emission tomography-CT

contribute to MPLC occurrence (9).

Currently, no golden diagnostic criteria exist for MPLC due to the

tumor heterogeneity and a poor understanding of associated

clinicopathological characteristics. Therefore, a diagnosis should be

considered by a multidisciplinary tumor board based on clinical

manifestations, imaging features, pathological characteristics, and

molecular genetic characteristics (11). MPLC stage classification is

critical for patients, because staging affects initial treatment choices.

For MMPLC, the second tumor should be staged as the primary

according to the 7th Tumor-Node-Metastasis (TNM) classification

guidelines. However, SMPLC staging is ambiguous, each tumor

should be staged separately and only one TNM stage should be

provided based on all combined tumors (8). In some situations,

SMPLC is defined as the highest pathological stage (12).

Surgery is the cornerstone treatment for early MPLC without

lymph node involvement. For surgery, the indications and
Frontiers in Oncology 03201
contraindications must be strictly understood. Tumor’s size and

location, Eastern Cooperative Oncology Group performance status,

and cardiopulmonary function must be considered before surgery.

Operational styles are also closely related to patient quality of life and

prognosis. Pneumonectomy has a high risk of postoperative

respiratory failure and may herald a poor prognosis. Though

segmentectomy or wedge resection has a risk of local recurrence

(up to 15%), it is tolerable for patients with compromised pulmonary

function who are unfit for more extensive resection (13). The Lung

Study Group recommends that pneumonectomy should be avoided

whenever possible, thus limited resection remains the mainstay

treatment for MPLC.

Systemic chemotherapy is crucial for patients with mediastinal

lymph node and distant metastasis. For patients with MMPLC, the

second tumor should be treated as a primary tumor. However, the

SMPLC treatment strategy is that each tumor should be staged and

treated separately (14). Due to differences in chemotherapy regimens

between adenocarcinoma and squamous cell carcinoma, it is often

difficult for clinicians to select which regimen should be first perform

for SMPLC patients with distinct tumor histology. It remains to be

determined whether both effective regimen or sequential treatment

for each tumor should be the first choice. In our study, the patient

benefited from sequential treatments. After five TP regimen cycles,

the lesion shrank and obstructive pneumonia improved significantly

in this lung. Then, the right lung nodule significantly was reduced
A B

DC

FIGURE 2

Squamous cell carcinoma. Hematoxylin and eosin staining showing squamous cell carcinoma histology (A). The immunohistochemical examination
indicated malignant cells immunoreactive for P40 (B); positive for P63 (C); strongly positive for CK5/6 (D). Magnification 100×.
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after the replacement of the PP regimen. Our strategy indicated that

sequential treatment was effective for patients with SMPLC in both

lungs with different pathological types, especially when the problem

was more severe in one lung, such as severe pulmonary infection,

obstructive pneumonia or pulmonary atelectasis.
Frontiers in Oncology 04202
Previous studies reported that ICI plus chemotherapy generated

higher objective remission rates and superior overall survival and

progression-free survival rates in patients with previously untreated,

metastatic, non-small cell lung cancer (NSCLC) when compared with

single chemotherapy (15, 16). Our patient benefited from combined
FIGURE 4

The timeline of the patient’s events from diagnosis to treatment. CT, computed tomography; FB, fiberoptic bronchoscopy; TP, docetaxel plus nedaplatin;
SBRT, stereotactic body radiation therapy; ICI, immune checkpoint inhibitor; PP, pemetrexed plus carboplatin; PR, partial remission; IMRT, intensity-
modulated radiation therapy.
A B

DC

FIGURE 3

Adenocarcinoma. Hematoxylin and eosin staining showing adenocarcinoma histology (A). The immunohistochemical examination indicated malignant
cells immunoreactive for TTF-1 (B); weakly positive for NapsinA (C); strongly positive for CK7 (D). Magnification 100×.
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ICI and chemotherapy in adjuvant and maintenance treatment

phases. Thus, ICI may be recommended for patients with advanced

MPLC, but this hypothesis requires further research.

Radiotherapy improves local control rates in cancer. Intensity-

modulated radiation therapy or three-dimensional conformal

radiation is still an important treatment strategy for stage I–IIIB

inoperable patients with lung cancers (17). Several studies reported

that stereotactic body radiation therapy (SBRT) generated similar

clinical outcomes in early NSCLC when compared with surgical

treatment (18). Furthermore, SBRT may be a potential cure

approach for early stage MPLC as it achieves promising long-term

tumor control and survival (19). Given these factors, radiation is

indispensable for MPLC treatment.

The 5-year overall survival for MPLC ranges from 20% to 70%

(12). The prognosis is related to several clinical factors. Patients with

same tumor histology are relatively favorable when compared with

those with different histology (20). Patients with SMPLC or early

MMPLC have lower survival rates when compared with patients with

late MMPLC (21). Pneumonectomy has a higher early postoperative

mortality rate and a shorter overall survival rate when compared with

limited resection (21). Multivariable analyses have indicated that

pathological stage and lymph node metastases are associated with

prognosis (21). Therefore, the MPLC diagnosis and treatment should

be determined by a multi-disciplinary team.

In conclusion, we reported the rare but interesting case of a

patient with SMPLC in both lungs. The patient was first misdiagnosed

with squamous cell carcinoma of the left lung, accompanied by right

IPM and mediastinal lymph node metastasis. He received sequential

chemotherapy plus ICI and radiotherapy without surgical resection,

and is doing well under ICI maintenance. We believe this interesting

case may provoke debate in the literature about the precise diagnosis

and effective treatment for MPLC cases. Our result also indicated that

the proper tumor subclassification (with IHC and molecular

methods) was important for patients with SMPLC to receive

individualize treatment and achieve better outcome.
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Sintilimab is a fully human IgG4 monoclonal antibody against programmed death-

1 (PD-1) used to treat classical Hodgkin’s lymphoma and various solid tumors. With

increasing use of sintilimab, some rare adverse reactions have been reported. Here,

we report a case of a 50-year-old woman with squamous non-small cell lung

cancer (NSCLC) (metastasis to pericardium and pleura) who received two cycles of

200 mg sintilimab immunotherapy combined with albumin-bound paclitaxel and

carboplatin chemotherapy and one cycle of sintilimab monotherapy. She was

diagnosed with Sjogren’s syndrome (with symptoms of fever, dry mouth,

dysphagia, and eating difficulty) after three cycles’ treatment and received

standard steroidal therapy. Prior to admission, the patient experienced severe

stomach discomfort with vomiting and was hospitalized. Upper gastrointestinal

iodine angiography showed significant gastric stenosis as well as lower esophageal

stenosis. Subsequent ultrafine gastroscopy revealed ulceration at the stenotic site

and an absence of normal peristalsis of the gastric wall. Pathological examination

of the lesions showed reactive changes, including ulceration, fibrosis, and

inflammatory cell infiltration. After multidisciplinary consultation, it was

considered that the patient’s gastric stenosis with inflammatory fibrosis changes

was due to a sintilimab-induced immune hyperinflammatory reaction. The patient

had been treated with standard steroidal therapy since suffering from Sjogren’s

syndrome, but the gastric stenotic changes were not relieved. The patient then

received regular bouginage of esophago-cardiac stenosis under gastroscopy to

physically reexpand the fibrous hyperplasia and stenotic site, enabling normal

eating function. To our knowledge, this is the first case of gastric stenosis in a

patient with squamous NSCLC after using sintilimab and may help clinicians better

understand potential immune-related adverse events due to sintilimab and

improve assessment and management.

KEYWORDS

programmed death-1, sintilimab, immune-related adverse events, gastric stenosis, non-
small cell lung cancer
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1 Introduction

Over the last decade, significant progress has been made in the use

of anti-programmed death-1 (PD-1)/programmed death-ligand 1

(PD-L1) immunotherapy for treating cancer. Cancer cells can take

advantage of PD-1 signaling to escape immune surveillance (1). By

specifically blocking PD-1 on the surface of T cells, anti PD-1/PD-L1

immunotherapy can eliminate tumor-mediated immune suppression,

thereby restoring the ability of T cells to recognize and destroy tumor

cells. Anti PD-1 monotherapy, or its combination with other

chemotherapy, has shown promising anti-tumor efficacy in clinical

applications with an increased survival rate and, overall, manageable

and acceptable adverse side effects. As anti PD-1/PD-L1

immunotherapy shows good tolerability and patient compliance, its

clinical use is increasing. Sintilimab is a fully human IgG4monoclonal

antibody against PD-1 that is approved for treating classical

Hodgkin’s lymphoma and various solid tumors, including

hepatocellular carcinoma, non-small cell lung cancer (NSCLC),

esophageal squamous carcinoma, and gastric adenocarcinoma (2).

Clinical trials for other malignancies are on-going. With increasing

use, some rare adverse reactions have emerged. Thus, it is necessary

that clinicians are aware of all possible side effects for early

identification and successful treatment. Similar to other anti PD-1

therapies, the main side effects of sintilimab are immune-related

adverse events (irAEs), which occur because blocking PD-1 on T cells

can decrease the body’s immune tolerance and cause autoimmune

activation in some people. Reported irAEs of sintilimab include

immune associated pneumonia, colonitis, hepatitis, nephritis, and

myocarditis; however, sintilimab-induced gastric lesions are

uncommon. Here, we describe a rare case of gastric stenosis in a

patient with squamous NSCLC after using sintilimab.
2 Case presentation

A 50-year-old woman with a history of squamous NSCLC and

metastasis to pericardium and pleura, who had pathological tissue

samples that were ALK negative and PD-L1 positive with Tumor cell

Proportion Score (TPS) of 80%, received two cycles of 200 mg

sintilimab immunotherapy combined with chemotherapy of

albumin-bound paclitaxel and carboplatin (from July to August

2020) and one cycle of sintilimab monotherapy (September 2020).

The patient developed symptoms of fever, thirst, dysphagia, and

difficulty eating, as well as severely damaged submandibular gland

(no response to acid stimulation) and lacrimal gland (a tear flow rate

of zero in both eyes) function after three cycles’ treatment. She was

diagnosed with Sjogren’s syndrome through consultation with an

immunologist in September 2020 and discontinued sintilimab

immunotherapy. The patient was then treated with steroidal

therapy (80 mg methylprednisolone). The symptoms of fever and

thirst were relieved and food intake started to increase one week later.

The steroid dose was gradually reduced (60 mg methylprednisolone

for 10 days, 40 mg for 14 days, 20 mg for 11 weeks, and 16 mg for 2

weeks prior to admission). While treating Sjogren’s syndrome, four

cycles of albumin-bound paclitaxel mono-chemotherapy were

administered (from October 2020 to January 2021).
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For approximately 10 days prior to admission in February 2021,

the patient experienced heavy stomach discomfort and irregularly

vomited her stomach contents, although there was no significant

abdominal pain, with regular intestinal exhaust and defecation,

without symptoms of fever, diarrhea, dizziness, headache, or

backache. On physical examination, there was no obvious

abdominal tenderness or rebound pain. Additional relevant

examinations were performed after admission. Blood tests showed

red blood cells of 3.57×1012/L, hemoglobin of 106 g/L, D-D dimer of

1.1 mg/mL FEU, creatinine of 35 mmol/L (white blood cells count,

platelet count, glutamic pyruvic transaminase, glutamic oxalacetic

transaminase and urea nitrogen were normal). Fecal occult blood was

weakly positive. Gastroscopy was performed under anesthesia by a

gastroenterologist. Circumferential stenosis of the lower esophagus

was observed approximately 34–37 cm from the esophageal incisors

(Figures 1A–C), with a brittle mucous membrane and tendency to

bleed while touching; the remaining esophageal mucosa was smooth

with a clear vascular texture. As the endoscope could not pass through

the stricture at that time, the gastric lesion was not clear. Upper

gastrointestinal iodine angiography was recommended by the

gastroenterologist, which showed an irregular shape of the stomach

and obvious gastric stricture (Figure 2) with gastroesophageal reflux.

To observe the gastric lesion, ultrafine gastroscopy was performed.

The gastric cavity was obviously constricted with a peripheral ulcer

and normal peristalsis was absent. The surface of the gastric wall was

covered with white moss and bled easily while touching, with ulcers

visible in the gastric body (Figures 1D, E). To further identify the

etiology and nature of gastric and esophageal stenosis, ulcer tissue

samples were taken for pathological examination. The results showed

a patch of smooth muscle tissue with small foci of calcifications, and a

patch of small blood vessels, nerve, and hyperplasia of fibrous tissue

with inflammatory cell infiltration, which were considered to be

reactive changes (Figure 3); no carcinoma was found. Positron

emission tomography–computed tomography (PET/CT)

examination was also performed and showed that the gastric wall

the of corpus gastricum was thickened at the site of stenosis, but

without obvious metabolism. Thus, cancer was not considered.

Considering the patient’s history of Sjogren’s syndrome after

using sintilimab along with the gastroscopy and gastrointestinal

iodine angiography results (obvious constriction and stiffness of the

gastric cavity, absence of normal peristalsis) and pathological

manifestation of inflammatory hyperplasia with fibrosis, after

multidisciplinary consultation, the patient’s gastric stenosis with

inflammatory fibrosis changes was determined to be caused by a

sintilimab-induced immune hyperinflammatory reaction.

The patient had been treated with steroidal therapy since suffering

from Sjogren’s syndrome. As the gastric stenotic changes were not

relieved, this complication was not sensitive to steroidal therapy. To

relieve vomiting and increase the patient’s energy level, gastroscopic

nasointestinal tube placement was performed. Five months later (July

2021), when the patient’s nutritional status improved, laser incision of

the stenosis site under gastroscopy was performed (Figures 4A–C).

Seven days later, a metal rack was placed to expand the stenosis site.

The patient could eat normally after these procedures. In February

2022, the metal rack fell off in the stomach and was removed under

gastroscopy. Bouginage of the esophago-cardiac stenosis was

performed (Figures 4D–F); 5 mm, 7 mm, 9 mm, and 11 mm zebra
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guidewires were used for continuous expansion for 1 min each, with

an interval of 1 min. After the operation, the mucosa was obviously

torn without active bleeding. An attempt to insert another metal rack

failed because the front end of the rack could not pass through the

stenosis. Although the metal rack was not implanted, the patient was
Frontiers in Oncology 03207
able to eat normally after bouginage. Subsequently, the patient

underwent regular bouginage of esophago-cardiac stenosis

approximately every 2–3 months (second time in May 2022, third

time in July 2022, and fourth time in October 2022). The patient was

able to eat normally during this period.
A B C

FIGURE 2

Upper gastrointestinal iodine angiography showed significant stenosis of the gastric cavity. (A, B) Anteroposterior views of the upper gastrointestinal
iodine angiography. (C) Lateral views of the upper gastrointestinal iodine angiography.
A B

D E

C

FIGURE 1

(A-C) Morphology of esophagus under gastroscopy. (A) The upper esophagus was morphologically normal. (B) Circumferential stenosis was observed
34cm from the esophageal incisor (black arrow indicates lower esophageal ulcers). (C) Extreme stenosis was observed 37cm from the esophageal incisor
so that the endoscope could not pass through. (D, E) Gastric morphology under ultrafine endoscopy. (D) The gastric body was covered with white moss,
and easy to bleed while touching. (E) Normal peristalsis was absent and ulcers were seen in the gastric body (yellow arrow indicates gastric body ulcers).
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3 Discussion

At present, lung cancer accounts for 11.4% of new cancers, second

only to breast cancer (11.7%), and results in 18% of cancer-associated

fatalities globally, making it the leading cause among all cancer types (3).
Frontiers in Oncology 04208
More than 85% of lung cancers are the NSCLC type, of which

approximately 33% are the squamous subtype (4). For patients with

unresectable NSCLC who do not have targeted gene mutations,

platinum-based doublet chemotherapy was once the first-line

treatment option. However, in the last decade, the development of
A B

D E F

C

FIGURE 4

(A–C) Cardiac morphology before (A), during (B) and after (C) laser incision. (D–F) Cardiac morphology before (D), during (E) and after (F) bouginage.
A B

FIGURE 3

Pathological manifestation at the site of stenosis. (A) A patch of smooth muscle tissue with small foci of calcifications (arrows indicate the calcifications).
(B) A patch of small blood vessels, nerve and hyperplasia of fibrous tissue with inflammatory cell infiltration (inflammatory and fibrous cells were
scattered, black andred rectangles indicate relatively obvious inflammatory and fibrous cell aggregates, respectively).
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immune checkpoint inhibitors (ICIs) has greatly changed this situation.

Among all ICIs, anti PD-1/PD-L1 immunotherapy is the most mature

method. Sintilimab is a Chinese domestic monoclonal antibody against

PD-1 that was initially approved by the National Medical Products

Administration (NMPA) to treat patients with classical Hodgkin’s

lymphoma who had already received more than two lines of

systematic chemotherapies but the disease was still progressive (5, 6).

With ongoing clinical trials, the use of sintilimab has gradually expanded

to other solid tumors. For NSCLC, sintilimab immunotherapy combined

with chemotherapy has been approved by NMPA as the first-line

treatment (7). Specifically, sintilimab combined with gemcitabine and

platinum is approved for squamous NSCLC, while sintilimab combined

with pemetrexed and platinum is approved for EGFR-negative and ALK-

negative non-squamous NSCLC.

Although immunotherapy has achieved great success, there are

increasing reports of treatment-related adverse events (TRAE) induced

by ICIs. Thus, this issue cannot be ignored (8). A meta-analysis of 36

phase II/III trials showed a pooled incidence of TRAEs of 54%–76% (9).

Another study assessed the lethal toxicity spectrum associated with ICIs,

finding that the incidence of lethal TRAEs was 0.361% for PD-1 inhibitors

and 0.63% for PD-L1 inhibitors (10). For sintilimab, the pooled incidences

of TRAEs and lethal TRAEs are 16.7%–100% and 1%–6.25%, respectively

(2). TRAEs caused by ICIs are mainly irAEs. By enhancing the ability of T

cells to destroy tumors cells, ICIs can promote cancer patients’ immune

function; however, if activation of the immune system is aggressive, irAEs

may occur (11). Common sintilimab-induced irAEs include debilitation,

fever, pneumonia, hypothyroidism, skin eruptions, and

thrombocytopenia. Less common sintilimab-induced irAEs include

hypoadrenocorticism, cardiotoxicity and myocarditis, paraneoplastic

syndrome, and rhabdomyolysis (2). However, immune-induced gastric

lesions are uncommon. Thus, this case of sintilimab-induced irAEs of

gastric stenosis with inflammatory fibrosis changes is rare.

Follow-up of PD-1 monotherapy in patients with neoadjuvant

resectable NSCLC showed that patients with high PD-L1 expression

(TPS ≥ 50%) tended to have a higher two-year disease-free survival rate

(12). PD-L1 immunochemical staining and targeted DNA sequencing

of tumor samples from 29 NSCLC patients before immunotherapy

revealed a positive correlation between TPS and the degree of

pathological regression. In addition, a higher TPS (≥ 50%) was

significantly associated with major pathological response (13). The

patient in the present case had high PD-L1 expression (TPS = 80%),

suggesting that anti PD-1 immunotherapy has a high response rate and

sintilimab is in accordance with the indications for its application.

The patient developed Sjogren’s syndrome after three cycles of

sintilimab treatment, and obvious gastric stenosis was found five months

later. Due to the long time since sintilimab was discontinued, gastroscope

pathological examination and PET/CT examination was performed;

tumor-associated lesions of the stenosis area were not considered.

In addition to sintilimab, the patient had also received

chemotherapy of albumin-bound paclitaxel and carboplatin.

However, the main adverse reactions of albumin-bound paclitaxel are

leukopenia, neutropenia, neuropathy, fatigue, and infection (14), and

that of carboplatin are myelosuppression, anaphylaxis, hepatotoxicity,

ototoxicity, and cardiotoxicity (15). The pathological manifestation of

inflammatory hyperplasia with fibrosis of this patient were more

consistent with the characteristic of hyperimmunity, which was the

main side effect of ICIs. Considering the fact that the patient had a
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history of irAEs (Sjogren’s syndrome), it was thought that the patient’s

gastric stenosis with inflammatory fibrosis changes was caused by a

sintilimab-induced immune hyperinflammatory reaction.

This patient had suffered from dry mouth and swallowing and

eating discomfort since Sjogren’s syndrome was diagnosed and these

symptoms were relieved by steroidal therapy. Thus, the symptom of

eating discomfort was always considered to be related to Sjogren’s

syndrome. Gastroscope examination was not performed until 5 months

later because of increasingly discomfort after eating accompanied by

vomiting, which finally revealed obvious gastric stenosis with ulcer and

fibrosis. Our experience suggests that if patients experience stomach

discomfort or difficulty eating after using sintilimab, gastroscopy should

be performed as soon as possible to detect any gastric lesions and allow

adjustment of the dose or discontinuation.

Glucocorticoids remain the first-line treatment for irAEs. Patients

with severe reactions or reactions involving important organs might

also require biological immunomodulators. Individualized treatment

is recommended for irAEs of different organs caused by ICIs (16).

Although our patient was treated with standardized steroidal therapy

due to Sjogren’s syndrome for 5 months (80 mg methylprednisolone

for 7 days, 60 mg for 10 days, 40 mg for 14 days, 20 mg for 11 weeks,

and 16 mg for 2 weeks prior to admission), the lesion of gastric

stenosis was not reversed. This result suggests that immune-related

gastric stenosis might not respond well to steroidal therapy, or that

the dose of glucocorticoid used in this case was insufficient or not

applied early enough. Regular bouginage of esophago-cardiac stenosis

was performed under gastroscopy to physically reexpand the fibrous

hyperplasia and stenotic site, which enabled normal eating function

for the patient. This case suggests one approach for the treatment of

gastric stenosis secondary to immunotherapy, although more

research is still needed.

4 Conclusion

This is the first reported case of gastric stenosis caused by

sintilimab. Since sintilimab monotherapy or combination therapy is

widely used for various malignant tumors, it is essential to

understand the potential irAEs and conduct adequate evaluation

and management.
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Extraskeletal Ewing’s sarcoma of
the mediastinum: Case report
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Background: Ewing sarcoma (ES) represents the second most common malignant

bone tumor in children and young adults. ES is not a frequent finding in sites

different from the skeletal. Common sites of appearance of ES are lower

extremities, the pelvis, paravertebral spaces and head and neck. Primary

extraskeletal ES located in the anterior mediastinum are very rare. These

neoplasms should be discussed in specialized contests with a high volume of

patients treated. Here, we present an uncommon mediastinal mass challenging in

its characterization and management.

Case description: A thirty-year-old woman performed a thoracic CT scan for

dyspnea and persistent cough. Imaging showed a solidmass of 14 x 11 cm involving

the left thorax with mediastinal deviation to the right side. Patient underwent an en

bloc resection of the mass. Initial histological examination was suggestive for B3

thymoma/thymic carcinoma. Patient was then referred to our rare tumor

reference center where a histological review excluded the diagnosis of thymic/

thymoma neoplasms meanwhile a third revision assessed a diagnosis of ES. Patient

refused adjuvant chemotherapy due to her desire of maternity and radiation

therapy was not indicated because surgery was performed too many months

earlier. A close follow-up was considered. After a few months the patient relapsed

and first line chemotherapy was proposed. She reached a complete response at

the first evaluation maintained also at the end of the protocol. In order to

consolidate the obtained response, high dose chemotherapy followed by

autologous stem cell transplantation (HDCT/ASCT) was suggested and the

patient agreed.

Conclusions: This case underlined that, potentially, ES can arise from any soft

tissue site in the body, even in rare sites such as mediastinum. The evaluation of
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expert centers was critical to establish a correct diagnosis and therapeutic

approach in this complex case. Taking into account the time lasting from the

diagnosis and the aggressiveness of this kind of neoplasm, frequently relapsing, the

patient after a multidisciplinary discussion was a candidate for a multimodal

treatment.
KEYWORDS

case report, Ewing sarcoma, multidisciplinary management, thoracic oncology,
misdiagnosis cancer
Introduction

Adult soft tissue and visceral sarcomas are rare tumors, with an

estimated incidence averaging of 4– 5/100.000/year in Europe that

account for less than 1% of all tumors (1). They include over 80

different histological subtypes that differ one from another in terms of

incidence, treatment and prognosis (2).

Although they can arise from different sites, extremities and

abdomen are most commonly involved (3).

Sarcomas can origin also from the mediastinum even if this

location is not the most frequent one (4– 5).

The diagnosis of these types of tumors can be very challenging

and a multidisciplinary approach is required in order to figure out the

most appropriate management.

A lot of professional figures are involved in this field: pathologists,

radiologists, thoracic surgeons, oncologists and many more.

ES is a high-grade round cell sarcoma (RCS) that generally affects

bones and soft tissues, particularly in children and young adults.

Ewing sarcoma family is a group of neoplasms containing but not

limited to ES, also peripheral primitive neuroectodermal tumors

belong to this group. Principles applied for bone ES are also

extended to primary extraskeletal locations. The discovery of an ES

in the mediastinum is not very common. Here we described a case of

primary extraskeletal mediastinal ES.

This article aimed to show an uncommon finding of ES of the

mediastinum and its complex and multidisciplinary management.

We present the following case in accordance with the CARE

reporting checklist.
Case presentation

A thirty-years old woman, fifteen cigarettes/die smoker, without

relevant medical history, referred to the emergency service

complaining of persistent cough and unusual dyspnea.

During the physical exam a silent auscultatory area in the left

upper hemithorax was found.

A chest X-Ray showed, in the anterior mediastinum, a huge mass

(19 cm x 11 cm x 12 cm) with defined margins expanding in the

superior and medium left hemithorax consistent with the auscultatory

abnormality. The mass induced a contralateral dislocation of

mediastinal structures and upper airways compression.
02212
Computed tomography (CT) scan confirmed a solid mass

characterized by dishomogeneous contrast enhancement, bordering

to the costal pleura on the lateral side and to mediastinal great vessels,

which compressed the superior lung lobe (Figure 1).

18- Fluorodeoxyglucose-Positron Emission Tomography/

Computed Tomography scan (18F-FDG PET/CT scan), performed

later, did not reveal any sign of metabolic or morphological suspicion

of distant disease.

The patient was a candidate for up-front surgery.

Despite the major surgery, the patient did not experienced

remarkable post-operative complications and achieved a complete

recovery. In addition, neither functional nor aesthetical

impairment occurred.

The lesion was removed en bloc with the thoracic wall and the

intercostal muscles; during surgery the anterior arches of the third,

fourth and fifth ribs were excised and a segmental resection of the

lingula and the anterior segment of the superior lobe of the left lung

was performed.

Pathological examination was performed and, macroscopically,

the excised lesion appeared as a spongy and gray encapsulated mass

(16.5 x 14 x 8 cm) with white subcapsular areas and blood spots;

microscopically, small size neoplastic cells with vesicular nucleus,

poor cytoplasm and lobular growth were described.

The immunohistochemical analysis revealed a positivity for

P63, CD99, CD117 and vimentina with poor lymphatic

infiltrations (CD45+) and negativity to: MPO, TdT, CD3, CD4,

CD5, CD30, CD34, CD43, CD68, AFP, HGG, Inhibin A, CK AE1/

AE3, CK7, CK20, EMA, PLAP, Calretinin, SMA, Desmine,

Synaptophysin, S100, P53. Ki-67 proliferative index was 40%.

All these features were suggestive for a well differentiated thymic

carcinoma, also known as B3 thymoma, according to the WHO

classification (6). AJCC/UICC TNM 8th edition classified this

neoplasm as pT1b (Stage 1 Masaoka modified staging) and

according to the last guidelines she underwent a close clinical and

radiological follow up (7).

The patient was referred to the Coordinating Rare Tumors

Reference Center of Campania (CRCTR) where an immunochemical

and histological revision of the material was requested (Figures 2, 3).

A second opinion from a center with high expertise in thymic

malignancies was requested.

The negativity to different types of cytokeratins, the elevated

mitotic index, the rare presence of classical thymic markers led
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to the exclusion of a diagnosis of thymoma or thymic carcinoma.

The occasional positivity to P63 was not specific for an epithelial

neoplasm, instead the morphological pattern and the only

positivity for CD99 were actually consistent with a diagnosis of

undifferentiated sarcoma.

Genetic analyses, conducted using next generation sequencing

(NGS) technology did not reveal any relevant mutations suitable

for diagnostic characterization or therapeutic strategies; in fact

no mutations were found in c-KIT gene nor in other candidate

genes such as: PDGFR, IDH1, IDH2, PTEN, HRAS, NRAS,
Frontiers in Oncology 03213
GNAQ, BRAF, CTNNB1, TP53, H3F3A, RET, MAP2K1, NF1,

GNAS, GNA11.

Furthermore, the transcriptome was analyzed for the following 26

genes: ALK, CAMTA1, CCNB3, CIC, EPC1, EWSR1, FOXO1, FUS,

GLI1, HMGA2, JAZF1, MEAF6, MKL2, NCOA2, NTRK3, PDGFB,

PLAG1, ROS1, SS18, STAT6, TAF15, TCF12, TFE3, TFG,

USP6, YWHAE.

RNA quality was not sufficient for NGS testing with the Archer

FusionPlex Sarcoma genes by IonTorrent S5 Prime, an assay that is

available for fusion gene detection.
B

C D

A

FIGURE 2

Morphological features of the tumor. (A) H$E, 40x: A thick fibrous capsule surrounds the large tumor; (B) H$E, 200X; Richly cellular sheets. Cells have
scant cytoplasm and vesicular irregular nuclei; frequent mitoses are seen; no lymphocytes are found; (C) H$E, 200X: Necrotic foci are scattered; (D) H$E,
400X: The cells, rather small, form sheets with a sort of palisading around vessels.
B
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FIGURE 1

CT scans showing the presence and anatomical relation of the heteroplastic mass. (A) sagittal plane (B) coronal plane (C) transverse plane.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1074378
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Caltavituro et al. 10.3389/fonc.2023.1074378
The number of reads was not sufficient for an adequate

test interpretation.

Considering the unusual behavior of this neoplasm and the

uncertainty of its histology, we requested another revision of the

tissue samples from a center with high expertise in sarcoma

neoplasms. According to this last analysis, the thoracic mass was

suggestive of a malignant, round-cell, high- grade mesenchymal

neoplasm whose morphological and immunophenotypic

characteristics were consistent with the diagnosis of ES. The

sample’s cells were characterized by CD99 +; NKX2.2 +;

cytokeratin AE1/AE3 -; desmin -; myogenin -; ETV4 -; S100 -.

The case was discussed in a national multidisciplinary tumor

board specialized on sarcomas and, according to a sharing decision,

the patient was candidate to an adjuvant chemotherapy.

The optimal therapeutic approach, suggested by the board, was an

adjuvant chemotherapy with Vincristine, Doxorubicin and

Cyclophosphamide (VDC) alternated to Ifosfamide and Etoposide

(IE). Due to the fact that this intense regimen frequently leads to

permanent infertility, a cryopreservation course was proposed to the

young patient.

The treatment choice was communicated to the patient in order

to share with her the benefit and the risks of the same. She expressed a

strong childbearing desire so we also discussed the risks and benefits

of postponing chemotherapy.

She decided to delay chemotherapy and the cryopreservation

course in order to have a natural pregnancy.
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Unfortunately, the patients relapsed after a few months. In fact, a

CT scan performed during a close follow-up revealed a voluminous

breast-like tissue of pathological significance in correspondence of the

left lung apex with an inhomogeneous structure and areas of contextual

necrosis of 68x50 mm in its maximum axial diameter. This tissue

spread superiorly into the structures of the thoracic inlet contiguous to

the first two costal arches and with the vascular structures of the left

upper limb; posteriorly it invaded the costal pleura and medially

infiltrated the smooth tissue of the anterior- superior mediastinum.

There were confluent multiple pathological swellings with necrotic

appearance extended caudally in the para-aortic region, whose largest

diameter measured 51x30 mm. Solid hypervascular nodulations were

found along the pericardial sheet, the largest nodulation measured

16x10 mm and was associated with reactive fluid flap. Pathological

tissue of 47x23 mm was also detected along the left costo- vertebral

pleura with contextual pleural effusion flap. All these findings were

consistent with a locoregional disease recurrence (Figure 4).

The patient started the chemotherapeutic protocol VDC-IE. After

four cycles of VDC-IE a radiological evaluation was performed with a

CT scan. Fortunately, the voluminous solid breast-like tissue,

previously described at the level of the left apex, the multiple

pathological swellings of necrotic appearance, the solid nodulations

along the pericardial leaflet and the pathological tissue along the left

costo-vertebral pleura were no longer evident. This was considered a

complete response and the patients continued her protocol with the

last five cycles.
B

C D
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FIGURE 3

Immunohistochemical features of the tumor. (A) ker AE1/3 staining: The tumor cells are negative; (B) CD117: A slight unspecific staining is observed;
(C) ker MNF116 is also neagtive in tumor cells; (D) CD99 membrane staining is clearly seen in all cells; (E) The Ki-67 staining shows that only the
peripheral part of the tumor is marked, probably because of preanalytical damage of tumor tissue; (F) Synaptophysin marking is negative in tumor cells.
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At the end of the ninth cycle the previously achieved complete

response was maintained. The patient had experienced mild

neutropenia and anemia, graded as G1, that did not lead to

treatment discontinuation.

The case was discussed in the multidisciplinary board once again

to evaluate the most suitable options to minimize the risk of a second

recurrence and to strengthen the achieved optimal response. Among

the feasible strategies there were: local radiation therapy,

consolidation chemotherapy or close follow-up.
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Considering the complete response previously achieved with a

chemotherapy-based approach, after relapsing to up-front surgery, we

proposed her high dose chemotherapy with subsequent autologous

transplant (HDCT/ASCT) as consolidation treatment. The patient

agreed and underwent two courses of mobilitiation chemotherapy

followed by stem cell collection.

Notably, during the mobilization phase of the HDCT/ASCT, the

patient experienced mild anemia, graded as G1, and moderate

neutropenia, graded as G2 that did not required any medical
A

B

FIGURE 4

CT scans showing the presence and anatomical relation of the heteroplastic mass. CT scan detecting locoregional recurrence. (A) Necrotic pathological
swelling in para-aortic region and breast-like pathological tissue in the left lung apex, axial and sagittal plane. (B) Solid nodulation along the pericardial
sheet with reactive fluid flap and pathological mass along the left costo-vertebral pleura with pleural effusion flap.
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interventions and did not lead to treatment interruption

or discontinuation.

Overall, the treatment was well tolerated.

Finally, she received high dose chemotherapy with busulfan and

melphalan and autologous transplantation.

To date, the patient is free from recurrences.

Remarkedly, the patient experienced an emotional journey

through surgery chemotherapy and stem cell transplantation.

Particularly, since the beginning she expressed a strong childbearing

desire, unfortunately delayed by the required therapeutic

interventions. Initially, the patient was prone to postpone

chemotherapy adjuvant treatment to carry out a natural pregnancy.

Subsequently, her perspective changed since the disease recurred and

the fear of the unpredictable future forced her to a present-moment

awareness. Of note, during the therapeutic iter, we offered the patient

the possibility of cryopreservation to protect her desire. Nowadays, the

patient is reshaping her future with more self-consciousness aiming to

carry out a pregnancy and to find a renewed balance.
Discussion

Ewing sarcoma is the second most common bone tumor among

children and young adults. ES arises from bones but also from

extraskeletal locations, even if more rarely.

ES patients should be addressed to referred high volume centers

with recognised expertise in the diagnosis and treatment of

rare entities.

The optimal management of ES requires ultraspecialized

knowledge and resources.

EUropean Reference Network on Rare Adult Cancer

(EURACAN) represents one of the most experienced and powerful

reality connecting health care centers specialized in rare cancers.

The diagnosis and the management of extraskeletal ES follow the

same principles as for bone ES (8). Nowadays, the diagnosis of ES is

made by histological features and immunohistochemical markers

positivity, even if their accuracy is low. Cluster of differentiation 99

(CD99) and Friend leukemia integration 1 (FLI-1) are currently

accepted for the diagnosis of Ewing Sarcoma but they can also be

expressed in a wide range of cancer entities different from ES.

FLI-1 is a transcription factor with a specificity and sensitivities,

as a diagnostic marker for ES, that can vary from 63% to 100% and

from 60% to 97%, respectively (9).

CD99 is a transmembrane molecule encoded by the

pseudoautosomal gene MIC2. CD99 has been reported to have a

marked effect on the migration, invasion and metastasis of tumor

cells (10).

The definitive diagnosis is made on biopsy.

Molecularly, it is characterized by the presence of the

translocation t (11,22) (q24;q12) that involves one of the members

of the FET family (FUS/EWS/TLS), mostly EWSR1 and a member of

the ETS (E26 transformation-specific or E-twenty-six) gene family,

FLI1 in most cases (11).

This translocation is reciprocal and involves the Ewing sarcoma

breakpoint region 1 (EWSR1) gene and almost always the FLI1 gene.

EWSR1 and FLI1 merge in order to create a fusion gene that codifies
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for a fusion protein. The most frequent rearrangement is t (11,22)

(q24;q12) that accounts for about 80% of ES while another 10% is

represented by the fusion of EWSR1 with ETS-related gene (ERG) in

the translocation t (21,22)(q11;q12) (12).

This molecular finding is mandatory in order to differentiate ES

from other RCS.

Considering the rare incidence of these tumors, the histological

assessment should be performed by specialized pathologists and a

second revision should be encouraged to confirm the diagnosis.

Staging can be performed with both PET/CT scans and whole

body magnetic resonance imaging (WB-MRI).

The treatment of ES involves combined modality therapy with

chemotherapy and local therapy, both surgery and radiotherapy.

Surgery plays an important role in the management of ES and its

aim is to ensure that the entire volume of tissue involved at diagnosis,

and not only the tissue that remains after induction chemotherapy, is

treated to guarantee an optimal local control.

Surgery is considered the best up-front modality also because

local recurrence is frequent in ES, especially if radiotherapy (RT) is

performed alone.

Generally, an induction chemotherapy is performed after the

biopsy and prior to the local control with surgery and radiotherapy.

The most used drugs are: vincristine (V), doxorubicin (D),

cyclophosphamide (C)/ifosfamide (I) and etoposide (E). They all

have proven activity in ES in large collaborative trials.

RT can be performed as up-front treatment when surgery can not

guarantee a complete and radical excision or as adjuvant/neoadjuvant

treatment (12).

As ES eventually relapses, first line therapy includes combined

chemotherapy with vincristine, adriamycin, cyclophosphamide,

ifosfamide and etoposide (13).

When a response, either partial or complete, to this salvage

therapy is gained a consolidation therapy with high dose

chemotherapy followed by autologous transplantation can be taken

into consideration (14).

This regimen is characterized by different phases: stem cells

stimulation, stem cells collection, called apheresis, stem cell

preservation, high dose chemotherapy, stem cells transplantation

and engraftment.

In the stem cell stimulation phase, also known as mobilization,

three to four cycles of chemotherapy regimen with cyclophosphamide

and etoposide followed by daily injections of Granulocytes-colony

stimulating factor (G-CSF) are administered. Subsequently,

Peripheral blood stem cells (PBSC) are collected by continuous

apheresis.once the peripheral blood CD34+ count is at least 5 cells/l.

The stem cells are frozen using liquid nitrogen in a process known

as cryopreservation.

Morever, autologous transplantation is started with high dose

chemotherapy with busulfan and melphalan and peripheral blood

stem cells are infused on day 0.

Supportive care included: antibiotic, antiviral and antimycotic

drugs are used in order to reduce the risk of opportunistic and not

opportunistic infections.

Furthermore, a low-dose heparin prophylaxis given by

continuous infusion at 100 U/kg can be considered to prevent a

fearful consequence of HDCT/ASCT as sinusoidal obstruction
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Due to the high rates of relapse of ES, there is an unmet need in

finding therapeutic opportunities for patients whose disease recur

after standard first line therapies. Besides, the phase III rEECur trial

provided the first randomized evidence of activity between regimens

in an extremely rare disease as ES. Indeed, the four most common

regimen used in recurrent and primary refractory ES, irinotecan plus

temozolomide (IT), gemcitabine plus docetaxel (GD), high dose

ifosfamide (hd-IFO) and topotecan plus cyclophosphamide (TC)

were compared one with the other.

The trial was designed to discontinue the least successful

treatment arms after 50 and then 75 patients had been randomly

assigned and their results evaluated, respectively, regardless of the

treatment difference magnitude.

At the first and second interim analysis the two arms, GD and IT,

were discontinued.

Between hd-IFO and TC, the first showed better progression free

survival and overall survival in the last analysis.

Currently, the rEECur trial is recruiting patients to hd-IFO and

another, recently added arm, carboplatin plus etoposide (CE). Data is

still awaited, as a molecularly targeted agent arm is planned (15).

Moreover, as intensive chemotherapy regimens represent the essential

backbone of ES treatment, the toxicity as well as the quality of life

evaluation has to be considered. In particular, whereas our patient

experienced mild neutropenia, and anemia that did not lead to

treatment discontinuation, commonly the chemotherapeutic protocol

adopted has been associated with high toxicity rate (16). Besides, the

rEECur trial showed different toxicity profiles between regimens as hd-

IFO arm compared with TC arm was more likely associated with 3/4

encephalopathy and kidney impairment and patients were more likely to

experience treatment discontinuation. Therefore, a multidisciplinary

approach is required to better select patients according to performance

status, organ functions, time relapsed since prior therapy, and to manage

the related adverse events that could eventually affect treatment efficacy.

Conclusion

Although ES arising from mediastinum is extremely rare, it

should be considered when a differential diagnosis of a mediastinal

mass has to be made in adult patients who may benefit from an

aggressive multimodality treatment.

As far as we know, only a few cases of primary mediastinal

extraskeletal Ewing sarcoma have been reported and currently there is

no consensus on the optimal treatment strategy to adopt. The main

issue is represented by the lack of concordance in the histological

diagnosis which eventually leads to a delayed diagnosis. Moreover, the

sequential combination of chemotherapeutic protocols required, as

well as the toxicities related to management, needs a long-established

expertise and a multidisciplinary approach in order to provide the

patient with the most appropriate treatment selection.
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Activity and safety data of chemo-immunotherapy for patients with metastatic

NSCLC and known HIV infection are still limited, since HIV-positive patients were

generally excluded from clinical trials. Here we report the case of a metastatic

NSCLC patient with HIV infection and undetectable viral load treated with first-line

chemo-immunotherapy (pembrolizumab, carboplatin and pemetrexed), achieving

a meaningful and durable objective response, with no treatment-related adverse

events and no HIV-related complications. This report suggests that NSCLC

patients with virologically controlled HIV infection can be safely treated with

chemo-immunotherapy and should not be excluded from this treatment based

on their viral infection only.

KEYWORDS

NSCLC, HIV, chemotherapy, immunotherapy, carboplatin, pemetrexed, pembrolizumab,
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Introduction

Immune checkpoint inhibitors (ICIs) have deeply changed the treatment landscape of

non-small cell lung cancer (NSCLC) over the last decade. For metastatic, non-oncogene

addicted NSCLC, monoclonal antibodies against programmed cell death protein 1 (PD-1) or

programmed cell death ligand 1 (PD-L1) now represent standard of care as single-agents in

the first-line treatment for patients with PD-L1 expression on ≥50% of tumor cells, or in

combination with standard platinum-based chemotherapy for all patients regardless of PD-

L1 expression level (1–3). However, clinical trials with ICIs, alone or in combination with

chemotherapy for NSCLC, generally excluded patients living with human immunodeficiency

virus (HIV) infection (PLWHI), due to the concern of viral flares and/or triggering of

immune-related adverse events, therefore the benefit/risk balance of ICIs needs to be further

elucidated in this special population (4).

Here we report the case of a patient with HIV infection and metastatic NSCLC treated

with pembrolizumab plus chemotherapy.
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Case presentation

In September, 2020 a 50-year-old current smoker male presenting

with persisting cough, fatigue and dyspnea was diagnosed with non-

squamous, EGFR wild-type, ALK negative, ROS1 negative, PDL-1

positive (tumor proportion score 5%) NSCLC. Baseline tumor

assessment with head-chest-abdomen CT scan and total-body 18-FDG

PET/CT scan showed a large primary tumor (10 cm in size) in the upper

right pulmonary lobe with metastatic homolateral hilar, mediastinal,

supraclavicular and IIa/Ib level latero-cervical lymph nodes (stage cT4

cN3 cM1a, cIVA). Relevant past medical history included: squamous cell

carcinoma of the nasal wing treated with radical surgery followed by

adjuvant radiotherapy with concomitant weekly cisplatin chemotherapy

in 2016; recurrent breast abscesses; known HIV infection since 2008, on

treatment with ART consisting of emtricitabin/rilpivirine/tenofovir at the

time of NSCLC diagnosis. In addition, baseline infectious disease

screening also revealed past HBV infection.

From 14th October 2020, the patient underwent first-line treatment

for NSCLC with pembrolizumab (200 mg iv), carboplatin (AUC 5 mg/

ml/min iv) and pemetrexed (500 mg/m2 iv) every three weeks for 4

cycles. After the first two cycles the patient achieved a dramatic clinical

response with complete resolution of the cough and a meaningful

improvement of dyspnea and fatigue. Tumor assessment with CT scan

after 4 cycles of treatment confirmed an objective partial response with

an impressive tumor shrinkage (Figure 1). After that, the patient was

started on maintenance therapy with pembrolizumab and pemetrexed.

until May, 2022 when pemetrexed was discontinued (after 20

maintenance courses) due to G2 protracted fatigue, not associated

with significant chemotherapy-induced hematologic toxicity. Although

fatigue may occur on a multifactorial basis, including as a side effect of

ART as well as of immunotherapy, it was considered mainly related to

prolonged pemetrexed exposure. In fact, fatigue resolved after

pemetrexed discontinuation. Pembrolizumab alone was continued as

maintenance therapy, with further 10 courses administered from May

to December 2022, and it is still ongoing, with a ongoing progression-

free survival of 27+ months so far. During cancer treatment the patient

had a left breast abscess that was successfully managed with oral anti-

inflammatory and antibiotic therapy and surgical drainage, and he has

experienced no treatment-related adverse events (TRAEs) but the G2

fatigue leading to pemetrexed discontinuation. Particularly, there has

been no HIV viral flare or significant worsening of CD4 cell count. In

fact, before starting chemo-immunotherapy HIV viral load was

undetectable and CD4 cell count was 531/ml (23%) with CD4/CD8

ratio of 0.67, whereas last values while on chemo-immunotherapy

treatment were as it follows: viral load undetectable, CD4 cell count

474/ml (24%), CD4/CD8 ratio 0.71.
Discussion

There is some retrospective evidence on safety and activity of ICIs

in PLWHI with NSCLC. A systematic review including 73 cases of

cancer PLWHI treated with ICIs (5), 23 of them with NSCLC,

reported grade ≥ 3 immune-related adverse events (irAEs) in only 6

out of 70 patients (8.6%). Among 25 patients with paired pre-

treatment and post-treatment CD4+ cell counts, the cell counts
Frontiers in Oncology 02220
increased. Objective response rate (RR) among patients with

NSCLC was 30%. Similarly, data retrospectively collected from the

French CANCERHIV database on 23 PLWHI treated with ICIs for

lung cancer (n=21), melanoma (n=1) or head and neck cancer (n=1)

reported only two grade 3 irAEs (6). All patients were on

antiretroviral therapy (ART) when started ICIs. HIV viral load was

undetectable for all the 13 patients with available data about HIV

viremia, and only one patient experienced a positive HIV viral load

but this occurred after antiretroviral therapy (ART) interruption.

CD4+ cell counts had no major changes during treatment with ICIs.

In this study, RR among NSCLC was 18%.

More recently, prospective phase 1 and 2 clinical trials also

reported data on safety and activity of ICIs in PLWHI with

NSCLC. A phase 1 study assessed safety of pembrolizumab as

single agent among 30 patients with advanced cancer and HIV

infection receiving ART, with a viral load of < 200 copies/mL, and

a CD4+ cell count > 100/ml (7). Toxicity profile was acceptable with

grade 3 irAEs reported in 6 (20%) patients, no meaningful variations

in viral load or need for change of ART. In this study, only one patient

with NSCLC was enrolled, obtaining a sustained complete response.

A phase 2 study with durvalumab for the treatment of solid tumors in

PLWHI enrolled 20 patients, 14 of them with NSCLC (8). According

to inclusion criteria, all the patients had to be on ART with

undetectable viral load, regardless of their CD4+ T-cell count. No

grade ≥ 3 irAEs were observed. CD4+ and CD8+ T-cell remained

stable throughout the study, with no significant increase in viral load.

Four of 16 response-evaluable patients (25%) had a partial response,

and all the responders were NSCLC patients. Interestingly, no

correlation of clinical benefit with basal CD4+ or CD8+ T-cell

counts was found. Another phase 2 study evaluated nivolumab in

16 PLWHI with NSCLC, with viral load of <200 copies/mL, and no

restriction in terms of CD4+ T-cell count (9). Two patients achieved

partial response (12.5%), with a disease control rate of 62.5%. Adverse

events were generally mild-moderate, with only one case of severe

skin toxicity. HIV viral load was stable during treatment, whereas an

increase in proliferating CD8+ and CD4+ T-cells was observed after 3

nivolumab cycles in a subgroup of 9 patients.

Taken together, data from retrospective studies and prospective

phase 1 and 2 clinical trials reported meaningful activity with an

acceptable toxicity profile and no significant risk of viral flare among

patients with NSCLC and virologically controlled HIV infection

treated with single-agent ICIs. However, data about activity and

safety of ICIs plus chemotherapy combinations in this special

population are still lacking.

We described a patient with metastatic NSCLC and concurrent

HIV infection with undetectable viral load, treated with

pembrolizumab, carboplatin and pemetrexed, that achieved a

meaningful and durable response, without clinically meaningful

TRAEs or HIV flares. This report suggests that chemo-

immunotherapy may be active and safe for selected HIV-positive

patients with metastatic NSCLC receiving ART with undetectable

viral load. Thus, PLWHI with NSCLC should be not excluded from

chemo-immunotherapy based only on their viral infection. Data from

prospective clinical trials and/or observational registries could

contribute to further evaluate chemo-immunotherapy in this special

population. At this regard, new clinical trials with ICIs in NSCLC

allow the enrollment of patients with HIV infection. For example,
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phase 3 randomized clinical trials with cemiplimab alone or in

combination with chemotherapy for advanced NSCLC did include

patients with controlled HIV infection, but results in the HIV-positive

population have not been reported yet (10, 11).
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FIGURE 1

Tumor assessment at baseline and after 4 cycles of pembrolizumab/carboplatin/pemetrexed. The figure shows chest X-ray before (A) and after (B) treatment,
and chest CT scan before (C, E) and after (D, F) treatment. As compared with baseline, tumor assessment after 4 cycles revealed a deep response of the
primary tumor in the upper right pulmonary lobe, and a reduction of para-tracheal and pre-vascular mediastinal pathologic lymph nodes.
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Ewing’s sarcoma is a part of a rare group of malignant neoplasms, whose

pathological morphological features are small round cells. Extraskeletal Ewing’s

sarcoma is a more uncommon primary tumor. Herein, we report the case of a

66-year-old man who complained of chest tightness. Subsequent chest CT

scans revealed an irregular and uneven density mass on the right side of the

anterior mediastinum with invasion of the superior vena cava, pericardium and

right lung. The patient’s clinical symptoms were improved after performing

excision of the mediastinal lesions under cardiopulmonary bypass. Based on

histological and immunohistochemical findings, the tumor was diagnosed as

extraskeletal Ewing’s sarcoma.

KEYWORDS
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Introduction

Extraskeletal Ewing’s sarcoma (EES) is a small round cell malignant tumor that grows

outside of bone tissue, which arises from the mediastinum is extremely rare. Compared

with patients with bone tumors, patients with EES have an older average age of onset. The

clinical features and imaging appearances are non-specific, and patients often present

with a rapidly growing mass that causes localized pain (1). The diagnosis of this tumor

mainly relies on pathological, cytogenetic, immunohistochemical and molecular genetic

analysis. We report a patient who presented with chest tightness and had a mediastinal

ES, which was not confirmed until postoperative pathological examination

was performed.
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Case report

A 66-year-old man with an anterior mediastinal tumor was

admitted to the hospital for surgical treatment. He went to the

emergency department of the hospital 1 day prior because of

chest tightness, and plain chest CT showed a mass on the right

side of the anterior mediastinum that compressed the adjacent

right lung, accompanied by pleural effusion (Figures 1A, B).

Laboratory examinations revealed elevated levels of troponin,

cardiac enzymes, CA125, NSE and cytokeratin, which indicated

myocardial injury and abnormal cancer markers. The

preoperative contrast-enhanced CT scan showed a giant cystic

and solid mass on the right side of the anterior mediastinum,

which had moderately uneven enhancement, and the

mediastinal lymph nodes were enlarged (Figures 1C, D). The

mass on the right side of the anterior mediastinum with invasion

of the superior vena cava, pericardium and right lung could be

observed from the coronal multiplanar reconstruction images

(Figures 1E, F). In summary, we initially considered that the

mass was a malignant tumor arising from the thymus.

Intraoperative exploration revealed that the tumor had

invaded the superior vena cava, pericardium and right middle

lung, so the surgeon adopted resection of the mediastinal lesions

under cardiopulmonary bypass, partial resection of the superior

vena cava with artificial blood vessel replacement and lobectomy

of the right middle lung with lymph node dissection. The

pathological findings confirmed that it was a small round cell

malignant tumor (Figure 2A). The mediastinal lymph nodes
Frontiers in Oncology 02
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submitted for examination showed that metastasis of the tumor

had already occurred. The immunohistochemical results

demonstrated a Ki‐67 of 90%, positivity for AE1/AE3, P16, CD

99 (Figure 2B), CD56 and synaptophysin, partial positivity for

EMA, MDM2 and desmin (Figure 2C), and negativity for

vimentin, CK7, CAM5.2, SMA, NSE and S-100. Based on these

findings, primary mediastinal ES was diagnosed. The patient’s

chest tightness and overall condition improved after the

operation, and he was discharged after 1 month of symptomatic

and supportive treatments. One month later, the patient was

admitted to the hospital again. His blood test showed a significant

increase in the heart failure index score. After symptomatic

treatments, the symptoms improved. Subsequently, the patient’s

chest tightness was not relieved, and he had orthopnea. After

consultation with experts, he was considered to have postoperative

cachexia of a malignant tumor. There was a risk of respiratory

cardiac arrest at any time, and the prognosis was very poor. Four

days later, he was transferred to the ICU for treatment.

Echocardiography showed that there was a large amount of

pericardial effusion, and combined with the history of the tumor

invading the pericardium, the effusion was considered to be tumor

tissue. Finally, pathological examination of the pericardial effusion

confirmed that it had malignant tumor cells (Figure 2D).

Because the circulatory failure caused by pericardial

tamponade was difficult to cure, the family members of the

patient finally refused further invasive surgery for the patient;

only noninvasive ventilators were used to maintain the patient’s

vital signs, and he had entered the end stage of clinical life.
FIGURE 1

(A, B) Chest CT scan showing an irregular soft tissue density mass (yellow arrow) on the right side of the anterior mediastinum that compressed
the adjacent right lung (blue arrow), accompanied by pleural effusion (white arrow). (C, D) Contrast-enhanced chest CT scan showing that the
mass had moderately uneven enhancement, which invaded the right lung (blue arrow), and the mediastinal lymph nodes were enlarged (red
arrow). (E, F) The coronal multiplanar reconstruction images clearly delineated the irregular and uneven density mass on the right side of the
anterior mediastinum with invasion of the superior vena cava (red arrow), pericardium (black arrow) and right lung (blue arrow).
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Discussion

EES is a rare entity with high-grade malignancy that

commonly involves the soft tissues of the trunk and extremities.

It is more common in the lower limbs, paraspinal,

retroperitoneum and chest wall and rarely occurs in solid

organs. Primary mediastinal EES is extremely rare (2, 3).

Therefore, the case we present can increase our understanding

of this malignant tumor. Its early clinical symptoms are mostly

uncharacteristic; it usually presents as a painless mass that rarely

attracts attention, and the late stage manifests as a progressive

enlargement of the mass accompanied by pain and the symptoms

of invaded adjacent tissues. The histological pattern of EES

consists of a large number of small round cells with a uniform

shape, which have a high nuclear to cytoplasmic ratio (4). In

immunohistochemistry, CD99, FLI-1 and vimentin are almost

expressed, and NSE and synaptophysin are expressed to varying

degrees. CD99, the product of theMIC gene, is a relatively specific

antibody of the ES family. However, CD99 expression is not

specific to ES, as it can be expressed by other tumors, such as

ependymoma (5). To the best of our knowledge, the translocation

t(11;22)(q24;q12) is an important factor for EES diagnosis as well

as differential diagnosis. Delattre et al. reported that 85% of cases

were associated with the translocation t(11;22)(q24;q12), which

leads to the formation of the EWS-FLI-1 fusion gene (6). The

imaging findings of EES are often nonspecific, and most CT scans

show that it is a soft tissue density mass in different parts. In

magnetic resonance imaging (MRI), the mass shows a moderate

signal on T1WI and a moderately high signal on T2WI.

Sometimes the density or signal is uneven because of

haemorrhage and necrosis. It is more common to see cystic

degeneration and necrosis, but calcification is rarely observed,

and capsules may appear. Enhanced scans can show that a mass is

uneven and that the degree of enhancement is different. Since the

tumor is invasive, it tends to invade surrounding tissue structures.

The CT of the patient we report clearly revealed that the tumor

had invaded the superior vena cava, pericardium and lung tissue.

Furthermore, enhanced scanning can show the blood supplying

arteries of the mass and can also be used to evaluate the feasibility

of tumor surgery and determine clinical treatment plans. Since
Frontiers in Oncology 03
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mediastinal ES is relatively rare, it needs to be differentiated from

malignant thymoma, mediastinal lymphoma, teratoma,

seminoma, endodermal sinus tumor and solitary fibroma.

Malignant thymoma should be considered first when a large,

irregular and uneven mass appears in the anterior mediastinum,

which was the reason for misdiagnosis in the study. Malignant

thymomas show similar radiologic findings as EWS (7). However,

malignant thymomas are much less malignant than mediastinal

ES, such as they usually have no lymph node metastasis and no

pleural effusion. In addition, malignant thymomas are usually

accompanied by myasthenia gravis. Teratomas are often

accompanied by fat, calcification, and bone and soft tissue

density masses. The majority of lymphomas in the mediastinum

have lymphadenopathy in the neck and other areas of the

mediastinum, and the clinical symptoms are more typical. If

there is a homogeneous and soft tissue density solid mass with

no calcification and fat accompanied by elevated b-HCG levels,

then seminoma should be considered. Enhanced scans of

mediastinal endodermal sinus tumors show centripetal irregular

striped and reticular blood vessels, and the surrounding irregular

thick-walled ring is obviously enhanced. In addition, AFP and b-
HCG levels are significantly increased in most patients. Large

solitary fibromas are heterogeneous, and map-like uneven

enhancement and creeping blood vessels can be observed by

enhanced scanning. However, the final diagnosis depends on

pathology and immunohistochemistry. Adverse prognostic

factors consist of large tumors, nonsurgical treatment and

regional lymph node metastasis (8). Treatment of EES includes

combination therapy with chemotherapy and topical therapy

delivered by surgical resection, radiation, or both (9). Covelli

et al. confirmed that surgical resection alone can improve the

survival rate of EES patients but also proposed that surgery

combined with radiotherapy and chemotherapy is the best

treatment for EES (10). The patient we report underwent

surgery, but he did not receive chemotherapy or radiotherapy

for economic reasons. Finally, he had a poor prognosis and

entered the end stage of clinical life. Liu et al. reported a case of

mediastinal ES that invaded surrounding tissues and was

unresectable, but after chemotherapy, the patient’s disease was

almost completely in remission with no serious side effects (11).
FIGURE 2

(A) Histopathological image showing tumor cells composed of primitive small round cells (H&E staining). (B, C) Immunohistochemical images
showing positivity for CD99 and desmin. (D) Histopathological image showing pericardial effusion, which consisted of poor differentiation of
malignant tumors.
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Conclusion

Most cases of primary EES in themediastinum appear asmasses

upondiagnosiswithnospecificclinical symptoms.On imaging, these

tumors are usually large, enveloped, soft tissue density masses that

can compress or invade adjacent tissues and easily metastasize, and

an enhanced scans can show inhomogeneous moderate or

significant enhancement. Imaging can be performed as a

diagnostic tool, but the final diagnosis is mainly based on

pathology and immunohistochemistry. In terms of treatment,

surgical resection combined with chemotherapy, radiotherapy or

both is the best solution.
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Nonfunctional ectopic
adrenocortical carcinoma in
the lung: A case report and
literature review
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Background: Ectopic adrenocortical tissues and neoplasms are rare and usually

found in the genitourinary system and abdominal cavity. The thorax is an extremely

rare ectopic site. Here, we report the first case of nonfunctional ectopic

adrenocortical carcinoma (ACC) in the lung.

Case presentation: A 71-year-old Chinese man presented with vague left-sided

chest pain and irritable cough for 1 month. Thoracic computed tomography

revealed a heterogeneously enhancing 5.3 × 5.8 × 6.0-cm solitary mass in the

left lung. Radiological findings suggested a benign tumor. The tumor was surgically

excised upon detection. Histopathological examination using hematoxylin and

eosin staining showed that the cytoplasm of the tumor cells was rich and

eosinophilic. Immunohistochemical profiles (inhibin-a+, melan-A+, Syn+)

indicated that the tumor had an adrenocortical origin. The patient showed no

symptoms of hormonal hypersecretion. The final pathological diagnosis was non-

functional ectopic ACC. The patient was disease-free for 22 months and is still

under follow-up.

Conclusions: Nonfunctional ectopic ACC in the lung is an extremely rare

neoplasm that can be easily misdiagnosed as primary lung cancer or lung

metastasis, both preoperatively and on postoperative pathological examination.

This report may provide clues to clinicians and pathologists regarding the diagnosis

and treatment of nonfunctional ectopic ACC.

KEYWORDS

ectopic adrenocortical carcinoma, lung, nonfunctional, case report, adrenocortical carcinoma
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Introduction

Adrenocortical carcinoma (ACC) is a rare malignancy with an

incidence of 1–2 cases/million persons/year and often has a poor

prognosis (1). It has a predilection for the female gender (F:M; 1.5–

2.5:1) and a bimodal age distribution with peaks in early childhood

(under the age of 5 years) and middle-aged adulthood (40–50 years)

(2, 3). Most cases of ACC are functional and usually exhibit endocrine

symptomatology due to hormonal hypersecretion (4). Nonfunctional

ACC is less common and lacks specific signs and symptoms (5, 6).

Patients are identified incidentally or present with nonspecific

complaints related to tumor overgrowth and mass effects, such as

abdominal or back pain, or metastatic symptoms (5, 7–9).

Nonfunctional ACC generally occurs in older adults and exhibits a

rapidly worsening course (6). Ectopic ACC is a condition in which

ACC appears in locations other than the adrenal glands, usually in the

genitourinary system [ovary (10)] and abdominal cavity [abdominal

wall (6), liver (4) and retroperitoneum (11, 12)] and occasionally in

the nervous system (8). However, to the best of our knowledge,

ectopic ACC has not been reported in the lungs. Here, we report an

extremely rare case of nonfunctional ectopic ACC in the lung,

detailing the clinical and pathological findings, treatment, and

follow-up.
Frontiers in Oncology 02228
Case report

Clinical findings

A 71-year-old man with complaints of vague left-sided chest pain

and irritable cough for 1 month was admitted to our hospital in March

2021. He had no chills, fever, hemoptysis, wheezing, or abdominal pain.

He was healthy with no relevant medical or family history of diseases,

such as hypertension or diabetes, and no history of smoking or alcohol

consumption. The laboratory findings showed that only the prograstin-

releasing peptide (ProGRP) level was elevated (198.7 pg/mL), other tests

showed no abnormalities. Thoracic computed tomography (CT) revealed

a 5.3 × 5.8 × 6.0-cm heterogeneously enhancing globose mass in the

posterior segment of the left upper lung lobe with a smooth margin

without obvious lobulation or burr (Figure 1), suggestive of a benign

tumor. After adequate preparation, thoracoscopic surgery of the upper

lobectomy of the left lung was performed.

Postoperatively, the pathological diagnosis was suspected to be of an

extrapulmonary and adrenocortical origin. Abdominal CT showed that

the bilateral adrenal glands and kidneys were normal in size and shape

without abnormal mass (Figure 1). 18F-fluorodeoxyglucose positron

emission tomography was recommended to assess the condition of

the whole body for invisible lesions. However, the patient refused.
FIGURE 1

Contrast-enhanced CT revealed a heterogeneously enhancing solitary mass in the left lung;abdominal CT showed that the bilateral adrenal glands were
normal in size and shape without abnormal mass.
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Repeated laboratory examination revealed that the ProGRP level

reduced from 198.7 to 78.5 pg/mL without any other abnormalities.

We performed the Cortisol, ACTH, DHEA-S and Aldosterone tests,

They’re all in the normal range. As the patient had no relevant clinical

symptoms of hormonal hypersecretion, estradiol or other hormone

tests were not performed.
Pathological findings

Gross inspection of the lobectomy specimen revealed a mass

lesion measuring 16×9×4 cm. The surface of the mass was mostly

smooth, covered by the visceral pleura, and ruptured through the

smooth inner capsule in an area measuring 6.7×6.5×4 cm.

Capsular tissues had prolapsed at multiple sites. Sectioning
Frontiers in Oncology 03229
revealed well-circumscribed, multilocular, tan-brown to tan-

yellow cut surfaces.

Light microscopic examination of the hematoxylin and eosin-

stained specimen revealed that the cytoplasm of the tumor cells was

rich and eosinophilic. The tumor cells were pleomorphic and

arranged in varying round blunt cell cords and cord-like

structures, with transparent bodies in some cells. Interstitial blood

vessels were abundant in the tumor tissue (Figure 2). The

immunohistochemical results were: inhibin-a (+), melan A (+),

Syn (+), CK (+), CgA (+), CD10 (+), TTF-1 (-), PAX8 (-),

hepatocyte (-), and arginase-1 (-) (Figure 3). The Weiss score was

5, as the cells were pleomorphic and distributed in varying round

blunt cell cords, with extensive necrosis, an irregular karyotype, and

capsular invasion (13). After consultation with another pathological

diagnostic center, combined with the clinical findings, morphology,
FIGURE 2

(A) The cytoplasm of the tumor cells was rich and eosinophilic and irregular karyotype; (B) Transparent bodies were seen in some tumor cells; (C) The
tumor cells were pleomorphic and arranged in varying round blunt cell cords and cord-like structures; (D) Interstitial blood vessels were abundant in the
tumor tissue.
FIGURE 3

Immunohistochemistry results: immunostaining of inhibin-a, Melan A,Syn and CK showed positive in cytoplasmic. Cytoplasmic and nuclear staining were
positive of Cga and CD10 showed positive in intercellular fibrous tissue.
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immunohistochemistry findings, and Weiss score, primary

pulmonary ectopic ACC was finally diagnosed.
Treatment and follow-up

According to the staging criteria of ectopic ACC by the American

Joint Committee on Cancer and European Network for the Study of

Adrenal Tumors, the final pathologic stage was pT2N0M0, i.e.,

stage II.

Since ectopic ACC is a rare neoplasm, no consensus has been

reached for treatment recommendations (14). After multidisciplinary

consultation, mitotane was selected as the first-line treatment,

however, mitotane is unavailable in China. Since ProGRP is still

higher than normal after surgery, we choose chemotherapy as the

adjuvant treatment (15). Therefore, chemotherapy with combined

etoposide and cisplatin was used as the adjuvant treatment for 4 cycles

3 weeks postoperatively. The ProGRP level continued to decline to

normal after two cycles of chemotherapy, and thoracic and abdominal

CT showed no obvious abnormalities after two and four cycles of

chemotherapy, respectively.

The patient was followed-up every 3 months after chemotherapy

for 2 years, with the latest follow-up on August 25, 2022. The patient

did not complain of discomfort, and physical examination, thoracic

and abdominal CT, and laboratory examination showed no obvious

abnormalities. The patient had a disease-free survival (DFS) of 22

months and is still under follow-up.
Ethics statement

Ethics approval was obtained from Caoxian People’s Hospital.

Data was collected following patient’s concent. Informed consent has

been obtained from the patient for publication of the case report and

accompanying images.
Discussion

ACC is a rare malignancy with an incidence of 1–2 cases/million

population and often has a poor prognosis (1), with a 5-year survival

rate of 38%–27% (16, 17) and a 10-year survival rate of 7% (17).

Approximately 40% cases of ACC are nonfunctional (3), with

nonfunctional ectopic ACC being even rarer. Ectopic ACC is

usually found in the genitourinary system and abdominal cavity (5,

6, 8–10, 12, 18–20) and occasionally found in the nervous system (8).

However, to the best of our knowledge, ectopic ACC has not been

reported in the lungs.

Here, we reported a rare case of nonfunctional ectopic ACC in the

lung of a 71-year old man who presented with nonspecific complaints of

vague left-sided chest pain and irritable cough caused by an overgrowth

tumor. In the pathologic examination, both macroscopic and light

microscopic findings were inconsistent with common lung tumors.

Immunohistochemical results were: inhibin-a (+), melan-A (+), Syn

(+), CK (+), CgA (+), TTF-1 (-), PAX8 (-), hepatocyte (-), and

arginase-1 (-). Immunohistochemical profiles (inhibin-a+, Melan-A+,
Frontiers in Oncology 04230
Syn+) indicated that the tumor had an adrenocortical but

extrapulmonary origin. The Weiss score was 5, as the cells were

pleomorphic and distributed in various round blunt cell cords, with

extensive necrosis, and irregular karyotype, and capsular invasion (13).

Differential diagnosis of ACC and sex cord-stromal tumor, compared

with ACC, first, the morphologic of sex cord-stromal tumor cells was not

arranged in varying round blunt cell cords and cord-like structures, but

were large, multi-shaped and densely clumped, and the cytoplasm was

acidophilic or lipoid vacuolar with hematoxylin and eosin staining.

Second, although the immunophenotype of sex cord-stromal tumor

are also positive for inhibin and melan A, the other markers are

negative for Syn, CK, CgA. The diagnosis sex cord-stromal tumor is

excluded (21, 22).

Abdominal CT showed no adrenal mass in either adrenal gland,

ruling out an adrenal origin. Combined with the clinical findings,

tumor cell morphology, immunohistochemical results, and Weiss

score, the final pathologic diagnosis was primary nonfunctional

ectopic ACC of the lung. Adjuvant chemotherapy was provided for

four cycles, and the patient had a DFS of 23 months.

Ectopic ACC in the lungs has not been previously reported.

Representative ectopic adrenal tissues and neoplasms are located in

anatomical organs, such as the urethral tract (23), kidney (9), ovary

(10), abdominal wall (6), liver (20), retroperitoneum (11, 12), gastric

wall (19), spinal canal (8), thorax (24), and lung (25). Although

ectopic adrenocortical tissues and neoplasms may also be present at

any anatomical location, they rarely originate in the lungs. PubMed

search yielded only three reports of ectopic adrenal tissues located in

the lung. First, Wadhwani et al. reported a case of ectopic adrenal

tissue in the paratracheal region incidentally found during the

autopsy of a 99-year-old woman. The tissue was composed of both

cortical and medullary cells (24). Second, Armin et al. reported a case

of congenital cytomegalic adrenal tissues in the lung of a 5-day-old

infant found on autopsy (25). Third, Bozic et al. reported a case of

ectopic adrenal cortex and cytomegaly in the lung found on the

autopsy of a newborn (26). Table 1 summarizes the main features and

follow-up results of representative reported cases.

In ectopic remnants of adrenal tissues, cortical tissues are usually

seen alone, and medullary tissues are seen rarely. They are usually

found incidentally during surgeries or autopsies (23, 24). Ectopic

adrenal tissues may develop hyperplasia, adenoma, or carcinoma.

These tumors are usually benign and nonfunctional (8, 9, 19, 20) and

occasionally malignant and functional (6, 10, 12). They can produce

glucocorticoids, androgens, or other sex hormones and cause clinical

symptoms, such as Cushing’s syndrome, or clinical signs of

virilization (4, 27).

The etiology of ectopic adrenal tissues and neoplasms in the lungs

and other organs is unclear. Nevertheless, two hypotheses have been

proposed. Bozic et al. suggested that mesothelial cells are located in

the primordial mesenchyme of the wall of the dorsal coelom adjacent

to the dorsal mesentery and primitive genitourinary structure, where

they differentiate into elements that form the fetal adrenal tissue.

Because the peritoneum and pleura have the same mesodermal origin

as the adrenal gland, the primitive pleural mesothelium, which lies

between the ramifications of the bronchial tree buds, can differentiate

into ectopic adrenal tissue of the lung (26). Another possibility is that

true adrenal heterotopia arises as a failure to separate the developing
frontiersin.org

https://doi.org/10.3389/fonc.2023.1100207
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


TABLE 1 Ectopic adrenocortical tissues, adenomas and carcinomas of representative reported cases.
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Case
No

Authors Age/
Gender

Diameter Location Functional or
nonfunctional

Radiological
aspect

Findings of
autopsy or Surgery

1 Current case 71Y/M 6.7cm lung nonfunctional 5.3×5.8×6.0cm tan-brown to tan-yellow
MASS
NA

2 Shigematsu
et al (23)

99Y/ F 0.5 cm paratracheal
region

functional ND gray-brown nodule
about 5 mm
NA

3 Armin et al
(24)

5D/M ND (two
nodules)

lung functional ND nodule
ND

4 Bozic et al
(25)

2D/F ND (one
nodules)

lung ND ND ND

5 Anuk et al
(20)

1-16Y/M
(Total 15)
+30Y/M+70Y/
F

mean 0.25 cm
(range 0.2 cm
-0.5 cm).

hernia sac,
spermatic cord,
testis, uterus

nonfunctional ND Yellow orange
color tissues
NA

6 Liu et al (8) 27Y/F 2.7 cm renal hilum nonfunctional CT: a well-
circumscribed,
round, soft-tissue
mass

ND, NA

7 Chentli et al
(7)

34Y/F 14 cm right ovary functional CT: 14 cm right
ovarian mass

a brown lobulated mass
measuring 14.5×13.7cm

8 Chen et al (9) 44Y/M 6cm liver nonfunctional CT:7.8cm enhanced
mass

Solid and yellowish-grey
mass with clear margin
NA

9 Ren et al (12) 72Y/F 3cm gastric wall nonfunctional CT:15 mm × 25
mm abnormal
enhanced nodule

30 mm × 30 mm mass
with medium density
NA

10 Zhou et al (6) 77Y/M 30 cm in front of the
posterior
peritoneum

nonfunctional CT:30 cm × 15 cm
× 8 cm tumor

a 30 cm × 15 cm × 8
cm tumor
NA

11 Wright et al
(11)

68Y/M 3.5 cm retroperitoneal nonfunctional CT: a 8.3×6.0×1.6
cm mass

a tan, round, mass with
nodular heterogenous
borders NA

12 Konstantinov
et al (13)

55Y/F 25 mm spinal canal nonfunctional MRI: epidural
formation18×25
mm nodule

a small knot at the base
of the ponytail. NA

Y, year; D, day; M, male; F, female; ACC, adrenocortical carcinoma; ND, not described; DF, disease-free; NA, normal adrenal.
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adrenal gland from the coelomic mesothelium, thus allowing partial

incorporation into the adjacent organs (28).

Ectopic adrenal tissues may develop hyperplasia, adenoma, or

carcinoma, similar to normal tissues. Therefore, we speculate that

ectopic ACC in the lung of this present patient was caused by

dislocation or self-differentiation of mesenchymal cells in the

embryonic period, which then developed into carcinoma.

In conclusion, nonfunctional ectopic ACC in the lung is an

extremely rare neoplasm that can be easily misdiagnosed as

primary lung cancer or lung metastasis, both preoperatively and on

postoperative pathological examination. This report may provide

clues to clinicians and pathologists.
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Case report: Pulmonary synovial
sarcoma in a long-term survivor
of childhood Hodgkin lymphoma
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Solid organ malignancies have been reported in survivors of Hodgkin lymphoma

treated with chemoradiation; however, to the best of our knowledge no cases of

pulmonary synovial sarcoma have been documented in the literature in this

cohort. We herein provide a detailed description of synovial sarcoma occurring in

the lung of a long-term survivor of childhood Hodgkin lymphoma. A 29-year-old

female never smoker with past medical history of Hodgkin lymphoma diagnosed

at the age of 7 years and treated with chemotherapy and radiation therapy was

admitted for management of pneumothorax. Wedge lung resection of an

ulcerated subpleural nodule revealed a malignant spindle cell tumor that based

on light microscopic and immunohistochemical features was classified as

monophasic synovial sarcoma. The diagnosis was further confirmed by

identification of SS18 (SYT) rearrangement by fluorescence in situ hybridization

and SS18-SSX1 gene fusion by RNA sequencing. The case documents a rare

occurrence of synovial sarcoma in a long-term survivor of childhood Hodgkin

lymphoma. While comprising a typical genetic profile for synovial sarcoma, the

tumor had unusual histological features such as cystic and low-grade

morphology. The case suggests that synovial sarcoma falls within an

expanding spectrum of secondary malignancies following prior treatment of

Hodgkin lymphoma.

KEYWORDS

synovial sarcoma, SS18 (SYT) rearrangement, SS18-SSX1 fusion, second malignancy,
childhood Hodgkin lymphoma, survivor
Abbreviations: SS, synovial sarcoma; HL, Hodgkin lymphoma; LAM, lymphangioleiomyomatosis; IFRT,

involved field radiation therapy; CT, computed tomography; PET/CT, positron emission tomography/

computed tomography; NGS, next generation sequencing; PTX, pneumothorax; VATS, video-assisted

thoracoscopic surgery; MRI, magnetic resonance imaging.
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Introduction

As more childhood Hodgkin lymphoma (HL) patients achieve

disease free adulthood, they face increased risk of second

malignancies associated with side effects of radiation and

chemotherapy (1–3). Secondary solid organ malignancies have

been reported in this cohort; however, to the best of our

knowledge no cases of pleuropulmonary synovial sarcoma (SS)

have been documented in the literature.

SS is a rare soft tissue sarcoma that also affects visceral organs

including lung (4). It is associated with a specific chromosomal

translocation, which most commonly fuses SS18 (SYT) in

chromosome 18 and SSX1 or SSX2 in chromosome X (5). The

tumor tends to occur in young adults and shows no sex predilection.

The presenting symptoms are nonspecific mostly related to the site

of origin. Rare occasions of SS presenting with pneumothorax have

been reported (6–9).

We herein provide a detailed description of pulmonary SS in a

long-term survivor of childhood Hodgkin lymphoma and highlight

some unusual clinicopathological features.
Case presentation

A 29-year-old female never smoker was admitted for inpatient

management of a left sided pneumothorax (PTX) that was discovered

on a screening breast magnetic resonance imaging (MRI). The

patient’s past medical history was significant for HL diagnosed at

the age of 7 years. She was treated with DBVE chemotherapy which

included Doxorubicin (D), Bleomycin (B), Vincristine (V) and

Etoposide (E), and involved field radiation therapy (IFRT) to

cervical spine, supraclavicular area, and middle and lower

mediastinum (2,550 cGy administered in 17 fractions of 150 cGy

each) according to a pediatric oncology group study (POG-9426)

(10). Her past medical history was also notable for hypothyroidism,

migraine, and polycystic ovarian syndrome. Breast MRI showed no

evidence of malignancy but was significant for a mediastinal shift

with the heart shifted to the right (Figure 1A). Chest X-ray (CXR)

confirmed left PTX with slight cardiac and mediastinal shift
Frontiers in Oncology 02235
rightward suggesting underlying tension component (Figure 1B).

As a chest tube placement did not produce complete resolution of

the PTX (Figure 1C) and she endorsed a persistent air leak, a video

assisted thoracoscopic surgery (VATS) was performed for

pleurodesis. The intraoperative findings included severe pleural

adhesions and a dense lung parenchyma. A focal umbilication and

surface disruption of the visceral pleural surface of left upper lobe was

detected, which was thought to be site of the air leak. On further

palpation a subpleural ulcerated nodule was discovered. A VATS lung

wedge resection of the nodule was performed with clear margins.

There was no evidence of pleural seeding at thoracoscopy. Gross

examination showed a 1.3 x 0.8 x 0.4 cm cystic nodular lesion

abutting visceral pleura. On light microscopic examination, the

lesion was represented by small cysts associated with spindle cell

proliferation of variable cellularity (Figure 2A). The cystic spaces were

partially lined by entrapped nonneoplastic pneumocytes and partially

lined by respiratory epithelium. The spindle cells were arranged in

fascicles (Figure 2B). There was variable amount of collagen, areas of

fibrous scarring and microscopic calcifications. There were rare

apoptotic bodies and rare mitotic figures (1 per 10 high power

fields). The tumor cells were immunoreactive with CD56, BCL2

and SS18-SSX (clone E9X9V, Cell Signaling Technology, Danvers,

MA) (Figures 2C, D). Rare tumor cells were weakly positive for

Keratin AE1/AE3, Synaptophysin and Estrogen Receptor (ER).

Immunostains for Calretinin, WT1, CD68, PLAP, Inhibin, Smooth

Muscle Actin, Desmin, Myogenin, CD34, STAT6, SOX10, HMB45,

CD117a, Progesterone Receptor (PR), CD10, PAX8, CK7, CK20,

CDX2, p40 and TTF1 were negative. Ki67 proliferation rate was

approximately 1-3%. The tumor showed SS18 rearrangement by

fluorescence in situ hybridization (FISH). Gene rearrangement

analysis from RNA sequencing (Tempus xT, targeted panel of 648

genes) reveled SS18-SSX1 gene fusion, with tumor mutation burden

of 0 m/Mb, and stable microsatellite instability status. Based on the

morphological and immunohistochemical and genetic findings, the

tumor was classified as monophasic SS. As per a multidisciplinary

conference review, no adjuvant therapy was recommended at the

time. Two months following initial diagnosis, restaging computed

tomography (CT) and fused positron emission tomography/

computed tomography (PET/CT) showed no residual disease in the

chest and no distant metastatic disease. No evidence of recurrence
FIGURE 1

Imaging findings. (A) Axial non-contrast T1-weighted breast MRI image shows no evidence of malignancy. There is a mediastinal shift with the heart
shifted to the right and a lack of lung markings in the upper left lung, suggesting the possibility of bulla in the upper left lung. (B) Chest X-ray shows
a left-sided pneumothorax with cardiac and mediastinal shift rightward suggesting underlying tension component. (C) Chest CT shows a small left
anterior pneumothorax. There is a left-sided pleural drainage catheter with its tip along the left major fissure. There are subtle patchy consolidative
opacities in the subpleural aspects of the left upper lobe.
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was documented at 5-month follow-up chest CT. The patient was

well without evidence of disease at 1 year following the initial

diagnosis. A strategy of close radiographic surveillance with serial

chest CT (or PET/CT for equivocal findings) for at least 10 years

was recommended.
Discussion

HL survivors demonstrate increased risk for developing

radiation-related breast cancer, lung cancer and colorectal cancer

and their risk appears to be associated with the site of radiation (3).

Radiation associated sarcomas with nonrecurrent complex genetic

alterations following HL treatment are well documented in the

literature (11, 12). They characteristically develop after a latency

period of one to two decades within radiotherapy fields and

majority represent malignant fibrous histiocytoma and

osteosarcoma (11, 12). Sarcomas carrying specific translocations

such as Ewing sarcoma are relatively rare (13–16). To the best of our

knowledge only a single case report of an infraclavicular SS arising

at the site of prior radiation for HL has been documented in the

literature (17). In contrast to our patient, a patient reported by Van

De Rijn at al developed SS in infraclavicular soft tissue, showed

locally aggressive behavior with involvement of brachial plexus and

based on the microscopic description had no cystic morphology.

Our patient was treated with IFRT and DBVE chemotherapy

for HL according to the POG-9426 protocol and developed SS after

22 years. While it is not yet entirely certain if the risk of the
Frontiers in Oncology 03236
development of second malignancy is associated with therapy or

with genetic background of patients or both, the occurrence of SS at

the site of prior radiation following latency period of about 2

decades is consistent with a notion of a possible causative

association between prior chemoradiation and the development of

second malignancy in our case. The lung is not intended target

during mantle radiotherapy for HL and radiation dose across the

lung can vary several folds (18). Nevertheless, the medial aspects of

the lung including visceral and parietal pleura overlap with the

mediastinal component of the radiation fields and therefore, the

visceral pleura of the left upper lobe, the site of the tumor in our

patient, is at the increased risk of radiation induced malignancy.

Some sarcomas, such as rhabdomyosarcoma, malignant peripheral

nerve sheath tumor and liposarcoma, are known to be associated

with germline alterations, while others, such as Ewing sarcoma,

show no known hereditary associations (19). Possibly due to its

rarity, the evidences for hereditary predisposition for SS are

currently lacking.

The majority of SS are highly proliferative tumor that fall

within FNCLCC grade 2 and 3, however, a low percentage (up to

10%) of SS show low mitotic rate (less than 10 per 10 high power

fields), as the tumor in this case (20–22). While the overall

histological and genetic features of the tumor in this report fall

within the spectrum of that typically seen in SS, it also showed

some unusual findings including the small size (1.3 cm), cystic

morphology, and low mitotic/proliferation rate. The cystic

morphology of the tumor was likely responsible for the clinical

presentation as PTX.
FIGURE 2

Pathological features. The tumor is represented by cystic and solid components (A); HE original magnification x5. The solid component is composed
of spindle cells forming fascicles (B); there is variable background collagen deposition; HE original magnification x20. The tumor cells are
immunoreactive with bcl2 (C) and SS18-SSX (D) antibodies; immunohistochemistry, original magnification x20 and x20.
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Cystic primary pulmonary SS as a small subset have been

recognized to present with PTX and manifest pathologically as

cystic or bullous lesions with only subtle evidence of a malignant

proliferation (6, 8). The original publication reported 4 patients

(ages 20 to 29) all with a monophasic variant of SS and emphasized

that since these tumors manifest primarily as cystic lesions

presenting as PTX, they can be confused with benign cystic lung

disease and therefore in the settings of PTX a thorough examination

of all resected tissue with increased cellularity should be carried out

(6). As of date, 7 cases of pleuropulmonary SS with cystic

morphology have been reported (6–9). As in our case, all 7 of 7

cases were monophasic SS, 3 of 7 cases were small less than 1.5 cm

lesions, 2 of 7 had microscopic calcifications and 3 of 3 tested cases

demonstrated the gene fusion product SS18-SSX1, similar to that in

our case. None of these 7 cases specifically reported history of prior

malignancy including HL.

Since the presence of specific chromosomal translocation is a

requirement for the diagnosis of SS, it is the most decisive feature to

help to exclude other lesions. However, at the initial work-up or if

molecular testing is not available, lymphangioleiomyomatosis

(LAM) and pulmonary involvement by endometriosis have to be

excluded, especially in young adult female patients. PTX at

presentation and the presence of spindle cell proliferation

associated with parenchymal cysts are the findings that are shared

between SS and LAM (23–25). However, LAM represents a diffuse

cystic lung disease associated with proliferation of so called

perivascular epithelioid cells that characteristically show aberrant

expression of melanocytic markers (e.g. HMB45, Melan A) and

therefore their use will help to exclude the diagnosis of LAM at

immunohistochemical level. While uncommon, the pulmonary

endometriomas can be seen in the setting of endometriosis and

present with catamenial PTX. The overlapping features between

endometriosis and SS include the presence of spindle cell stroma

showing CD56 expression (26). However, in endometriosis

expression of other markers of Müllerian origin such as ER, PR

and PAX8 will help to distinguish it from SS.
Conclusion

This report documents a rare case of SS arising in a long-term

survivor of childhood HL and suggests its possible association with

prior therapy. The tumor’s cystic morphology is likely responsible

for unusual clinical presentation as PTX.
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Acquired ALK G1202R-, ALK
I1171N-, or EML4-ALK-mediated
resistance to ensartinib in lung
adenocarcinoma but responded
to lorlatinib: A case report

Zhifeng Ye and Junhua Guo*

Department of Oncology, Hangzhou Chinese Traditional Medicine Hospital, Hangzhou, China
ALK rearrangements are identified as driver mutations in non-small-cell lung

cancer (NSCLC). EML4 is the most common partner of ALK rearrangements.

Here, we reported a patient with lung adenocarcinoma who was identified with

EML4-ALK mutations when he progressed on an immune checkpoint inhibitor.

The patient was treated with alectinib and obtained a progression-free survival

(PFS) of 24months. Then, next-generation sequencing on circulating tumor DNA

identified multiple ALK mutations, including ALK G1202R, I1171N, ALK-ENC1, and

EML4-ALK. Ensartinib was given, and the patient achieved a PFS of 5 months.

After progression, lorlatinib was administered, and the patient achieved a partial

response. Now, the benefit is still ongoing with a PFS over 10 months. Our case

may provide evidence for the treatment choice of multiple ALK mutations,

including ALK I1171N.

KEYWORDS

lung cancer, multiple ALK mutations, I1171N, ensartinib, lorlatinib
1 Introduction

Lung cancer is one of the most common causes of cancer-related death worldwide.

Anaplastic lymphoma kinase (ALK) belongs to the family of tyrosine kinases involved in

the pathogenesis and development of lung cancer (1). It has been well-documented that

ALK fusions play an essential role in the oncogenic process of lung cancer by activating

downstream signaling cascades, such as the PI3K/mTOR pathway (2). ALK gene consists of

30 exons mapping to the long arm of chromosome 2 (2p23.2–p23.1) (3). Approximately

3%–10% of non-small cell lung cancer (NSCLC) patients have ALK fusions (1, 4–7), with

EML4-ALK fusion accounting for approximately 80% (7, 8).
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Many previous studies show that ALK fusions responded well to

ALK inhibitors. Nevertheless, several studies report that different

ALK partners responded differently to ALK inhibitors (6). Even

I1171N has been proposed to resist the second-generation ALK

inhibitor alectinib (8).

Herein, we presented a patient with NSCLC harboring multiple

ALK fusion mutations, including I1171N, who experienced rapid

disease progression after ensartinib treatment but responded well to

lorlatinib. This case provides a meaningful reference for treating

NSCLC patients with ALK I1171N and other ALK fusions.
2 Case presentation

A 53-year-old Asian man, who is a heavy smoker, was

diagnosed with lung adenocarcinoma in December 2013 and

subsequently underwent R0 resection (Figure 1). Unfortunately,

recurrence occurred in March 2017. Intra-hospital detection of

biopsy samples revealed negative EAR (EGFR, ALK, and ROS1).

Then, bevacizumab combined with AP chemotherapy was applied,

and the best response was partial response (PR). Multiple central

nervous system (CNS) metastases were found after 16 months of

treatment. The physical condition and the location of metastases

made this patient not suitable for biopsy. Alternatively, non-

invasive circulating tumor DNA (ctDNA) detection was

performed using a nosocomial test and found to be negative in

driver genes, such as EGFR, ALK, ROS1, and MET. Stereotactic

body radiation therapy (SBRT) was applied to treat CNS metastases.

In February 2019, metastases occurred in the liver, spleen, and

lumbar vertebrae. Toripalimab and SBRT were started, and the

best response was stable disease (SD). Then, toripalimab plus

paclitaxel was initiated, achieving a PR at the first evaluation but

developing into progressive disease (PD) at 3 months treatment
Frontiers in Oncology 02240
(Figures 2A, B). Considering the rapid tumor growth and the urgent

condition of the patient, we conducted the ctDNA next-generation

sequencing (NGS) with a depth of 36,000× for additional treatment

choices and identified the ALK-intergenic region (ALK-IR) and

EML4-ALK mutations. According to the National Comprehensive

Cancer Network (NCCN) guidelines, the patient received alectinib

treatment in July 2019 (Figures 2C, D). Follow-up examination

found an elevation of carcinoembryonic antigen (CEA) level.

Meanwhile, ctDNA identified new mutations, including ALK

G1202R, I1171N, ALK-ENC1, EML4-ALK, and TP53. PD was

verified at follow-up on September 2021, and crizotinib treatment

was started. However, severe gastrointestinal effects and

hypodynamia prevented the continuation of crizotinib treatment,

and ensartinib was chosen for subsequent therapy. After 5 months,

he suffered from nausea, vomiting, and pain in the lower back and

lower extremities. Chest CT and increased blood tumor markers

revealed PD (Figure 2E). Brain magnetic resonance imaging (MRI)

showed no disease progression. In February 2022, identifying the

same driver genes prompted the treatment with lorlatinib, and the

best response was PR. After treatment, his pain was significantly

alleviated, so he refused to undergo another MRI. At the last follow-

up date in December, clinical benefit is still ongoing (Figure 2F).
3 Discussion

To our knowledge, this is the first report in NSCLC that

acquired ALK I1171N and G1202R co-mutation-mediated

resistance to ensartinib but responded well to lorlatinib. At the

first diagnosis after recurrence, NGS testing on the biopsy sample

identified no mutations in EGFR, ALK, or ROS1, which promoted

the application of toripalimab. However, the rapid deterioration of

the condition prompted double checking of the mutation landscape,
FIGURE 1

Timeline of the patient’s treatment history and plasma NGS results. EAR, EGFR, ALK, and ROS1; AP, pemetrexed plus cisplatin; NSCLC, non-small-cell
lung cancer; SBRT, stereotactic body radiation therapy; SD, stable disease; ctDNA, circulating tumor DNA; PR, partial response; PD, progressive
disease; NGS, next-generation sequencing.
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and the acquired ALK rearrangement was found in ctDNA, which

induced treatment regimen change. It has been reported that ALK-

positive NSCLC has a highly aggressive clinical behavior in contrast

with wild-type patients (3, 7, 9). Patients with ALK fusions tend to

be not sensitive to immune checkpoint inhibitors (10). The

resistance to toripalimab increased the likelihood that the driver

gene existed. The clinical management of this patient highlights the

importance of dynamic monitoring of ctDNA for patients,

especially those whose health condition deteriorated rapidly.

Ensartinib is a second-generation ALK inhibitor, achieving a

response rate (RR) of 60% and a median PFS of 9.2 months. In ALK

TKI-naive patients, RR was 80%, and median PFS was 26.2 months,

while in patients with prior TKI treatment, RR was 69%, and

median PFS was 9.0 months (11). In this case, the patient

experienced a PR and got a PFS of only 5 months. In previous

studies, ALK G1202R has been shown to be resistant to ensartinib in

patients with lung cancer (12, 13), while I1171N was sensitive to

ensartinib in cell lines (14). Here, we found that co-mutation of

ALK I1171N and G1202R was resistant to ensartinib.

Lorlatinib is a third-generation ALK inhibitor exploited to

penetrate the blood–brain barrier and overcome ALK resistance

mutations (15). After PD on ensartinib, lorlatinib was given because

of its accessibility in mainland China. The phase 2 study of

lorlatinib in patients with ALK-positive lung cancer showed that

87.0% of patients with measurable baseline CNS lesions achieved an

intracranial response. It has been well-documented that acquired

ALK G1202R is sensitive to lorlatinib (13, 15–17). In addition,
Frontiers in Oncology 03241
I1171N was recently found to be more sensitive to lorlatinib than to

crizotinib and alectinib in the preclinical study (18). Significantly, a

case reported that the multiple ALK mutation, including I1171N,

L1196M, and G1202R, mediated the resistance to lorlatinib in

malignant pleural mesothelioma. However, in this case, we

reported that the co-mutation of I1171N and G1202R was

sensitive to lorlatinib (19). Our case with acquired multiple

mutations respond differently to different ALK-TKIs, contributing

to the understanding of complex ALK-TKI resistance mechanisms.
4 Conclusions

As reported in previous clinical trials, ALK fusions were

sensitive to ALK inhibitors, especially EML4-ALK fusion.

However, different rare ALK fusions respond differently to

various generation ALK inhibitors. Here, we reported a patient

harboring multiple ALK fusions, including ALK G1202R, I1171N,

and EML4-ALK, who was sensitive to lorlatinib. This case provides

evidence that this complex ALK fusion combination is sensitive to

the third-generation ALK inhibitor.
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FIGURE 2

Radiographical changes. (A) PET/CT scan shows the failure of AP+Bevacizumab treatment in March 2019. (B) CT scan shows the failure of
toripalimab+paclitaxel in July 2019. CT shows a durable response to alectinib in December 2019 (C) and 2020 (D). (E) PD on ensartinib in February
2022. (F) CT shows a partial response to lorlatinib in December 2022. AP, pemetrexed plus cisplatin; PD, progressive disease; PET/CT, positron
emission tomography/computed tomography.
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Case report: The stroma-rich
variant of Castleman’s disease of
hyaline-vascular type with
atypical stromal cell proliferation
and malignant potential: An
exceptional rare case occurred
in mediastinal lymph node
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Chuqiang Huang1, Weihua Yin1 and Jian Li1,2*

1Department of Pathology, Peking University Shenzhen Hospital, Shenzhen, China, 2State Key
Laboratory of Chemical Oncogenomics, Peking University Shenzhen Graduate School,
Shenzhen, China
The stroma-rich variant of Castleman disease of hyaline-vascular type (SR-

HVCD) is characterized by interfollicular proliferation of the fibroblastic,

myofibroblastic, and/or histiocytic-derived stromal cells, occurred in a

background of Castleman disease of hyaline-vascular type (HVCD). It has been

considered as a hyperplastic disorder by far. Herein, we presented a case of a 40-

year-old male suffering from an occupation in the right middle mediastinum.

Microscopically, the lesion was characterized by atretic lymphoid follicles and

overgrowth of the interfollicular spindle-shaped cells. Those spindle cells were

histologically bland in some areas, while exhibited notable cellular atypia and

focal necrosis in other areas. SMA and CD68 were immunostained with a subset

of the spindle cells in both areas, whereas p53 staining was only perceived in

areas with markedly cellular atypia. In addition, indolent T-lymphoblastic

proliferation (iT-LBP) was present inside the lesion. The patient developed

multiple sites metastases 4 months after surgery, and succumbed to the

disease at 7 months. Our case demonstrates for the first time that SR-HVCD

have a tumorigenesis potential rather than a simple hyperplastic process. Such

disorder should be carefully evaluated to avoid underdiagnosis.
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Introduction

Castleman disease (CD) is an uncommon lymphoproliferative

disorder and the incidence is estimated to be around 21 to 25 cases

per million person-years (1, 2). According to the latest consensus of

the Castleman Disease Collaborative Network (CDCN), CD

encompasses a spectrum of conditions with heterogeneous

etiologies, clinical manifestations, and histological characteristics

(3). Clinically, it is grouped into unicentricity and multicentricity.

Histologically, CD is classified into variants of hyaline-vascular

(HVCD), plasma-cell, mixed type, hypervascular, and plasmablastic

phenotype (3, 4).

HVCD accounts for nearly 90% of unicentric CD (2) and often

manifested as a unicentric leison. The mediastinal lymph nodes is

one of the most common sites of HVCD. Microscopically, HVCD is

characterized by atretic follicles with hyalinized penetrating vessels

and concentric onion-skin-like mantle zone. The interfollicular

region generally exhibits proliferated vasculatures and unapparent

lymphosinuses. In 1993, Danon et al. defined a new variant of

HVCD, named as stroma-rich variant of Castleman disease of

hyaline-vascular type (SR-HVCD) (5). Unlike the classical

HVCD, SR-HVCD demonstrates a florid hyperplasia of actin-

positive fibroblastic cells and KP1-positive histiocytic cells in the

interfollicular zone. By definition, the area of interfollicular zone is

required to be larger than that of follicular zone. Since then, a few

studies further explored the clinicopathological features of this rare

disorder (5–12). However, the etiology of SR-HVCD is still kept

unknown. It is generally presumed to be a hyperplastic lesion based

on the fact that all the reported cases exhibit a benign process and

no associated malignancies have been recorded by far.

Interestingly, very few malignancies have been shown to be

concurrently occurred with HVCD. One of them is follicular

dendritic cell sarcoma (FDCS). The association between HVCD

and FDCS was first unraveled by Chan et al. in 1994 (13), and was

subsequently described by other researchers (13–15). Lymphoma,

including Hodgkin’s disease and non-Hodgkin’s lymphoma, is

another type of malignant tumors occasionally coexisted with

HVCD (4, 16, 17). Herein, we presented an unusual case of SR-

HVCD that exhibited a malignant profile, featured by dysplastic

proliferation of the stromal cells and subsequent metastasis. The

lesion’s morphologic features and related differential diagnosis were

discussed in detail.
Case presentation

The patient was a 40-year-old male with a complaint of

shortness of breath after activity. The symptom had lasted for

around one month. No remarkable medical history has been stated

by the patient. Computed tomography scans revealed a large mass

in the right middle mediastinum. The maximum diameter was

about 10cm (Figure 1A). Tracheal and the superior vena cava were

found to be compressed. The laboratory findings (Table 1) showed a

slight increase in soluble interleukin-2 receptor (SIL-2R) and lactate

dehydrogenase (LDH). C-reactive protein (CRP), aspartate
Frontiers in Oncology 02244
transaminase (AST), alanine transaminase (ALT), and creatinine

did not show obvious abnormalites. The mass was then completely

removed by surgery. Operative findings revealed the mass

compressed the right upper lobe bronchus and the superior

vena cava.
Pathological features

Macroscopically, the mass was 10.5cm×8.7cm×7cm in size and

grey to red in color. It was solid and nodular in cut surface and

tenacious to soft in texture (Figure 1B). A fibrous capsule was

observed in the periphery regions of the mass. Microscopically, the

lymphoid follicles were unevenly distributed under the capsule

(Figure 2A). Most of them were atretic in appearance. The

hyperplastic follicular dendritic cells in germinal center and

concentrically-arrayed lymphocytes in mantle zone could be easily

observed (Figures 2B, C). Occasionally, penetrated sclerotic blood

vessels were found. Toward to the central region, the lymphoid

follicles were markedly attenuated. The interfollicular fields were

dominated by the compact plump spindle cells with a fascicular and

storiform arrangement (Figure 2D). In some areas, the spindle cells

demonstrated slender cytoplasm and indistinct cellular borders. The

nuclei were oval and/or elongated, with vesicular to fine chromatin

and small nucleoli. No obvious nuclear atypia or pleomorphism was

presented (Figures 2E, F, 3A). By contrast, in other areas they

exhibited enlarged and hyperchromatic nuclei, increased mitotic

activity (5 per 10 high power fields), and atypical mitoses

(Figure 3B, Supplementary Figure 1). Neoplastic necrosis was

observed focally (Supplementary Figure 2). The morphologic

transition could be perceived between the mild and dysplastic

cellular areas (Figure 3C, Supplementary Figure 1). In addition,

proliferated small vessels were found tightly intermixed with the

stromal cells (Supplementary Figure 3). Moreover, small lymphocyte

infiltrates were also noticed inside the lesion and distributed in a

varied density. Those lymphocytes illustrated oval nuclei, darkly-

stained chromatin and inconspicuous nucleoli (Figures 2E, F).

Immunohistochemically, the spindle cells were focally stained

with SMA and CD68 (Figures 4A–F). Strong P53 staining and

increased Ki-67 index (20%) was detected in regions with notably

cellular atypia, while negative P53 staining and low Ki-67 index

(10%) was presented in spindle cells with benign morphology
FIGURE 1

Computed tomography (CT) scans show an occupation in the right
middle mediastinum (white arrow), with a CT value of 20-80 Hu (A).
The resected mass is well-demarcated, and exhibits a solid and
lobulated appearance in cut surface (B).
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(Figures 4G–J). On the other hand, they were uniformly negative for

CD21, CD23, CD35, SSTR2, D2-40, and CXCL13 (Supplementary

Figure 4). Moreover, they also exhibited negative staining for CK-

pan, CK5/6, CK8/18, CK19, P63, CD5, CD117, STAT-6, CD34,

CD31, ERG, ALK, S-100, MDM2, CDK4, p16, TLE1, GLUT1, TRK,

Muc4, and HHV-8. EBER in situ hybridization was negative either.

FISH analysis by break-apart probes showed negative results for the

rearrangements of EWSR1 and SS18 gene. The staining of CD20

highlighted B-cells in follicles. The interfollicular small lymphocytes

were immunoreactive with CD3 and CD5, and some of them were

positive for TdT and CD10 (Figures 5A–D). PCR analysis revealed

there was no clonal rearrangement in T-cell receptor (TCR) beta

and gamma gene.
Post-surgery treatment and prognosis

After the pathological diagnosis was drawn, the patient received

additional physical examination and no definite symptoms

correlated with HVCD, such as myasthenia gravis, erythra,

paraneoplastic pemphigus, and bronchiolitis obliterans were

discerned. He received combined treatments of epidoxorubicin

and bevacizumab after surgery and kept well for 3 months. Then

he developed chest pain and weakness of lower limbs at 4 month.

Magnetic resonance imaging revealed multifocal bone and liver

metastasis (Supplementary Figure 5). The level of SIL-2R, LDH,

AST, ALT, total bilirubin, CRP, CA125, and interleukin-6 were

variably increased (Table 1). The patient refused biopsy on the

metastatistic lesions and accepted the immunotherapy of

nivolumab. However, the tumor’s progression persisted and the

patient succumbed to to the disease 7 months later after operation.
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Discussion

Mediastinum is one of the most common sites of HV-CD. In

this perplexing case, we still can trace the characteristic profiles of

intranodal HV-CD, e.g., the atretic follicles with proliferative

dendritic cells, concentrically-arrayed lymphocytes in mantle

zone, and expended interfollicular zone with abundant small

vessels. However, it is challenge to explain the nature of those

proliferated spindle cells, which demonstrated features varying

from bland morphology to remarkable atypia.

Interestingly, Danon et al. (5) had described a florid

proliferation of the interfollicular spindle cells in a few cases of

HV-CD they enrolled. Those cells showed mild ovoid vesicular and

plump nuclei. Their volume proportion was generally greater than

75% of the whole lesion and the follicles in between were atrophied.

The spindle cells were focally immunoreactive with actin and CD68.

The name of SR-HVCD was then proposed for such lesions.

Subsequently, Lin et al. and Miki et al. (6, 7) respectively reported

similar cases, characterized by the overgrowth of spindle cells in the

interfollicular areas. Positive staining of SMA and CD68 were also

found in a subset of those cells. Based on the morphologic and

immunophenotypic features, the spindle cells were postulated to be

derived from the fibroblastic, myofibroblastic, histiocytic cells, and/

or vessel-related pericytes in the lymph node. So the angiomyoid

proliferative lesion of HV-CD was alternatively used to describe

such disorders (5), which particularly highlights the cellular

composition inside the disorder. More importantly, all the

reported cases exhibited a benign course and no recurrence was

occurred after excision.

Our case was most likely conformed to the characteristics of SR-

HVCD, whereas the interfollicular spindle cells exhibited
TABLE 1 The laboratory findings of the patient.

Laboratory findings (range) Preoperation At the fourth month after surgery

Hemoglobin (130-175g/L) 157 86

Red blood cell (4.3-5.8E+12/L) 5.29 3.1

White blood cell (3.5-9.5E+9/L) 7.30 17.89

Platelet (125-350E+9/L) 222 84

Aspartate transaminase (13-35U/L) 30.83 127.68

Alanine transaminase (0-50U/L) 29.75 83.43

Alkaline phosphatase (35-135U/L) 97.04 298.11

Total Bilirubin (0-26umol/L) 8.7 96

Blood urea nitrogen (2.60-8.80mmol/L) 4.79 5.28

Creatinine (41-81umol/L) 78.54 36.67

C-reactive protein (0-10mg/L) 10.60 37.69

Interleukin-6 (0-7.0pg/mL) 21.97 46.64

CA125 (0-35U/mL) 26.51 75.9

Soluble interleukin-2 receptor (180-265U/mL) 377.6 537.38

Lactate dehydrogenase (120-250U/L) 289.83 470.37
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remarkably atypia in some regions. Miki et al. specifically

emphasized that their six cases of SR-HVCD were cytologically

benign, lack of mitoses and necrosis. In addition, there were very

low Ki-67 index and negative P53 expression (7). By contrast, the

dysplastic spindle cells in our case demonstrated atypical mitoses

and necrosis, and showed strong P53 expression and high Ki-67

index. Those characteristics obviously deviated from the profiles of

previous reports and largely suggested it was a malignant process.

The subsequent metastatic event also supported this speculation.

To clarify the nature of those interfollicular spindle cells, a

substantial examination, including immunohistochemistry and

FISH, was performed and showed the spindle cells, either in bland

or atypical morphology, only displayed focal reaction with SMA and

CD68. On the one hand, the results indicated, in consistence with

earlier reports, they are probably originated from the fibroblastic,

myofibroblastic, and/or histiocytic cells. On the other hand, a list of

differential diagnosis was excluded: follicular dendritic cell sarcoma
Frontiers in Oncology frontiersin.org04246
(CD21-, CD23-, CD35-, CXCL-13-, D2-40-, and SSTR2-),

interdigitating dendritic cell sarcoma (S100-), indeterminate

dendritic cell tumor (S100- and CD1a), Kaposi’s sarcoma (HHV8-,

CD34-, CD31-, and ERG-), solitary fibrous tumor (CD34- and

STAT6-), malignant peripheral nerve sheath tumors (S100-,

H3K27me3+, and SOX10-), NTRK gene fusion-positive tumors

(TRK-, CD34-, and S100-), melanoma (S100-, SOX10-, HMB45-,

Melanoma A-, and p16-), inflammatory myofibroblastic tumor (CK-

and ALK-), poorly-differentiated/undifferentiated carcinoma (CK-

pan-, CK8/18-, EMA-, E-cadherin-, and EBER-), thymic carcinoma

(CK-pan-, CK19-, CD5-, and CD117-), sclerosing epithelioid

fibrosarcoma (EWSR1 gene rearrangement-, MUM4-), and

synovial sarcoma (SS18 gene rearrangement-).

Notably, there are two intriguing issues that remain unsettled.

First, if the pleomorphic spindle cells were considered as

malignancy, what type of tumor should they be classified?

Undifferentiated sarcoma (UC) might be a possibility based on

the cells’ immunstaining features (SMA+ and CD68+). However,

the atypical cellular component was generally self-limited inside the

lesion, and no destruction or invasion to the adjacent structures was

observed in our case. In addition, the nature of the metastatic lesion

was regrettably kept unknown. So it seems insufficient to draw a

diagnosis of UC based on the available evidences. Additional

accumulated cases are expected to further clarify this question.

Second, whether there existed a potential link between the atypical

and bland stromal cells in pathogenesis. We assume the association

could not be ruled out for the below reasons: (1) The two types of

spindle cells were focally adjacent or intermingled inside the lesion,

and a morphological transition could be perceived between them.

(2) Both of them are supposed to be derived from fibroblastic,

myofibroblastic, and/or histiocytic cells. Attractively, the acquired

expression of p53 protein in the atypical spindle cells possibly

indicated the p53 genetic alteration may trigger and/or contribute to
FIGURE 2

The mass generally exhibits a histologic structure of Castleman
disease of hyaline-vascular type (HVCD). Beneath the capsule (white
arrow), the lymphoid follicles are unevenly distributed and the
follicles are generally atrophied (black arrow) (A). The germinal
centers are characterized by a depletion of lymphoid cells and
proliferation of follicular dendritic cells (black arrow). The mantle
zone lymphocytes are concentrically arranged and impart an onion-
skin-like appearance (B, C). Toward the central region, the
interfollicular areas are widened by storiform-arranged spindle cells
under low power (back arrow) (D). Those spindle cells illustrate long,
slender cytoplasm and vesicular to fine chromatin nuclei. No
distinctive nuclear atypia is perceived in these fields (E, F).
FIGURE 3

Apart from the cells with a bland appearance (A), some of the spindle
cells demonstrate remarkably pleomorphism. Abnormal mitoses
(white arrow) and multinucleated tumor cells (black arrow) could be
observed (B). There exists a morphological transition between the
bland (left side of the dot line) and atypical cellular regions (right side
of the dot line). The high power fields of the red square and the
yellow square are corresponding to (A, B), respectively (C).
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their oncogenesis. In fact, p53 gene mutation has been

demonstrared to play pivotal roles in the tumorigenesis of a

variety of neoplasms (18, 19). A clonality analysis on the two

cellular components might be helpful to fully unravel their

internal relationship.

Finally, we also noticed the indolent T-lymphoblastic

proliferation (iT-LBP) inside the lesion. Those T-lymphoblastic

cells exhibited the phenotypes of precursor cortical thymocytes

(TDT+, CD3+, CD5+, and CD10+), while presented no cytologic

atypia. The TCR receptor rearrangement was not detected. Those

features satisfied the diagnostic criteria of iT-LBP, as proposed by

Ohgami et al. (20). It is worth noting that iT-LBP is frequently

concurrent in disorders associated with the follicular dendritic cells’

proliferation, such as HV-CD, FDCS, and angioimmunoblastic T-

cell lymphoma. The dysfunction of follicular dendritic cells may
Frontiers in Oncology 05247
create an extrathymic immunomilieu benefiting for the

development of iT-LBP (21).

In summary, we described a rare case of SR-HVCD that was

featured by the atypical hyperplasia of the stromal cells and

demonstrated a malignant behaviour. The atypical stromal cells

acquired aberrant P53 protein expression. Although the etiology

remains to be further clarified, it is likely the first report that

manifests SR-HVCD has a tumorigenesis potential and challenges

the conventional viewpoint that SR-HVCD is a simple benign and

hyperplastic disorder. Acquaintance with this entity would favor

pathologists and clinicians to make an inerrant diagnosis and

treatment in practice.
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FIGURE 4

Comparison of the immunostaining features of the bland (A, C, E, G, I)
and atypical spindle cells (B, D, F, H, J). They are focally immunoreactive
with SMA (C, D) and CD68 (E, F). However, the staining of p53 is negative
in the former (G), while strongly expressed in the latter (H). In addition, an
increased ki-67 index is noticed in the atypical spindle cells (I, J).
FIGURE 5

A moderate number of small lymphocytes are unevenly infiltrated inside
the interfollicular regions (A). They are variably immunostained with
CD3 (B), CD10 (C), and TdT (D).
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SUPPLEMENTARY FIGURE 1

Another field demonstrates the morphologic transition of the spindle cells

frommild morphology (left side of the dot line) to marked atypia (right side of
the dot line) (A). In the former region (the red square), the spindle cells exhibit

vesicular to fine chromatin, and inconspicuous small nucleoli (B). In contrast,
the cells in the latter region (the yellow square) illustrate enlarged, irregular

nuclei and atypical mitosis (white arrow) (C).

SUPPLEMENTARY FIGURE 2

The atypical spindle cells demonstrate the hemangiopericytoma-like
arrangement (white arrow) and focal necrosis (black arrow).

SUPPLEMENTARY FIGURE 3

Hyperplastic small vessels are intermixed with the compact atypical spindle
cells. They are not easily detectable on H&E section, while could be

highlighted by CD34 staining.

SUPPLEMENTARY FIGURE 4

The atypical spindle cells show negative staining with CD21, CD23, CD35,
SSTR2, D2-40, and CXCL13.

SUPPLEMENTARY FIGURE 5

Magnetic resonance imaging shows nodular abnormal signals (white arrow) in

the liver, right paraspinal (A) and vertebral bodies (B).
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Long-term survival with
anlotinib as a front-line
treatment in an elderly NSCLC
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Background: Half of the population of non-small cell lung cancer (NSCLC)

patients are older than 70 years and have limited therapeutic options due to poor

tolerance and being excluded in most clinical trials. Anlotinib hydrochloride, a

novel oral multi-target tyrosine kinase inhibitor, has been approved for the

standard third-line treatment for NSCLC in China. Herein we report an elderly

NSCLC patient without any driver gene mutations who was undergoing anlotinib

as a front-line treatment and who achieved long-term survival.

Case summary: The 77-year-old male patient was admitted to the hospital for

chest tightness after engaging in physical activity for a week. The patient has

been diagnosed with stage IIIB driver gene-negative squamous cell lung

carcinoma. After that, he was treated with anlotinib for 2 years and 10 months

from the first diagnosis until the last disease progression. Briefly, anlotinib

combined with platinum-based chemotherapy was performed as the first-line

therapy over six cycles. After 6 more cycles of anlotinib monotherapy

maintenance, disease progression occurred. Then, anlotinib combined with

tegafur was administered as a salvage treatment, and the disease was

controlled again. After 29 cycles of anlotinib combined with tegafur regimens,

the disease progressed finally. The patient achieved a total of 34 months of

progression-free survival after anlotinib was used as the front-line treatment. He

is still alive with a good performance status now (performance status score: 1).

Conclusion: This patient achieved long-term survival using anlotinib as a front-

line regimen combined with chemotherapy.

KEYWORDS

non-small cell lung cancer, anti-angiogenesis therapy, front-line treatment, elderly
patients, case report, Anlotinib hydrochloride, tegafur-uracil, chemotherapy
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Introduction

Lung cancer is one of the most common malignant tumors

and the leading cause of global cancer mortality (1). Angiogenesis

is one of the characteristics of malignant tumors, which can

provide nutrition for the growth of tumor cells and secrete

growth factors to promote cancer cell proliferation, thus playing

an essential role in tumor growth, invasion, and metastasis (2, 3). A

growing number of studies have shown that advanced non-small

cell lung cancer (NSCLC) patients can benefit from anti-

angiogenesis therapy with higher anti-cancer activity and fewer

adverse effects than traditional chemoradiotherapy (4, 5). Anlotinib

is a novel oral multitarget tyrosine kinase inhibitor which strongly

inhibits vascular endothelial growth factor (VEGF), platelet-derived

growth factor receptor (PDGF), fibroblast growth factor receptor

(FGFR), and stem cell factor receptor (c-Kit), resulting in the

inhibition of the growth of tumor blood vessels (6). On May 9,

2018, anlotinib was approved by China Food and Drug

Administration as a standard third-line treatment regimen for

advanced NSCLC based on the results of the ALTER-0303 study

(7). However, the evidence for anlotinib as a front-line treatment for

NSCLC is limited. Herein we report an elderly NSCLC patient

without any driver gene mutations undergoing anlotinib as a front-

line treatment.
Background

Chief complaints

A 77–year-old male patient developed chest tightness after an

activity and precardiac pain in June 2018. He had an occasional

cough with sputum.
History of present illness

The patient had chest tightness after an activity, precardiac

pain, and occasional cough with sputum.
History of past illness

The patient had a history of chronic obstructive pulmonary

disease (COPD) and diabetes mellitus type 2 (T2DM), with a

smoking history of 55 years averaging 20 cigarettes per day. He

had quit smoking for more than 2 years.
Personal and family history

The patient had a cancer-relative family susceptibility. His one

brother and two sisters suffered from lung cancer, and another

brother had liver cancer.
Frontiers in Oncology 02251
Physical examination

The results of the physical examination showed that the

patient’s body temperature was 36.3°C, the pulse rate was 70

beats per minute (bpm), the blood pressure was 128/76 mmHg,

respiratory rate was 19 breaths/min, and the performance status

score was 1.
Laboratory examinations

His blood count showed a WBC level of 5.75 × 109/L, Hb level

of 116 g/L, and platelet count of 201 × 109/L. The serum level of

carcinoembryonic antigen was 6.6 ng/ml.
Pathology and genetic testing

The histopathological analysis of the tissue biopsy samples

collected from the right lung revealed poorly differentiated

squamous cell carcinoma (Figure 1). The immunohistochemistry

result showed the following details: CK5/6 (+), P63 (+), P40 (+),

NapsinA (-), TTF1 (-), CK7(-), and CK14(+). A molecular analysis

did not find any driver gene mutations of EGFR, ALK, and ROS1.

Tissue samples were detected via next-generation sequencing with a

panel consisting of 211 genes, which revealed TP53 (mutant

abundance: 14.37%) and tumor mutation burden (TMB) of 21.15

Muts/Mb. The somatic mutations are shown in Table 1.
FIGURE 1

Hematoxylin and eosin staining photomicrographs of a right lung
tumor tissue biopsy. (A) Magnification, ×200. (B) Magnification, ×400.
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Imaging examinations

The chest scan first computed tomography (CT) result showed a

mass which was 52 mm × 50 mm in size (Figure 2A). No metastasis

was observed on enhanced CT of the skull and the abdomen. The

lymph node ultrasound showed nometastasis. As per the solid tumor

version 1.1 (RECIST 1.1) response evaluation criteria, the maximum

lesion reduction reached 40.4% after four cycles of anlotinib with

platinum-based chemotherapy (Figure 2B). After six courses of

anlotinib monotherapy maintenance, the MRI results showed

bilateral clavicular lymph node metastasis, and the patient’s PFS1
was 10months. Then, after 12 cycles of anlotinib in combination with

tegafur, the lesion reduction reached 13.8% compared with the

previous best curative effect (Figure 2C). The disease remained

stable after this, and there were no significantly enlarged lymph

nodes on bilateral neck ultrasound. On May 24, 2021, the lesion

enlarged by 41.4%, and the efficacy was evaluated as disease

progression (Figure 2D), so the patient’s PFS2 was 24 months.
Final diagnosis

Finally, the patient was diagnosed with stage IIIB poorly

differentiated driver gene-negative squamous cell lung carcinoma

(cT3N2M0 in accordance with version 8 of TNM staging).
Treatment

Since July 24, 2018, the patient was treated with anlotinib (12

mg, d1–d14, q3w) and nedaplatin (85 mg/m2, q3w) for the first-line

therapy. After six courses of anlotinib combined with platinum-

based chemotherapy, we used anlotinib monotherapy for

maintenance treatment (12 mg, d1–d14, q3w), but the patient

reduced the drug dose on his own during the last two courses of
TABLE 1 List of somatic mutations.

Gene Exon Nucleotide variation Amino acid change Mutation abundance

PIK3CA exon10 c.1624G>A p.E542K 1.14%

TP53 exon6 c.637C>T p.R213* 14.37%

FANCM exon20 c.5237C>G p.S1746* 1.18%

PTEN exon6 c.631T>C p.C211R 9.78%

PALB2 exon4 c.1366G>C p.E456Q 8.04%

ATR exon3 c.157G>C p.V53L 4.35%

GATA3 exon3 c.388C>T p.L130F 23.42%

HNF1A exon2 c.331G>A p.D111N 12.28%

JAK2 exon22 c.2951T>G p.V984G 11.49%

NTRK3 exon14 c.1540C>A p.P514T 10.60%

MAP3K1 exon1 c.212A>T p.D71V 1.50%
F
rontiers in Oncology
 03252
The asterisk symbol (*) indicates the ending amino acid position during translation upon a stop codon (or termination codon) that is a codon for transcription termination signal. The single
letter is for the abbrreviation of amino acids and the number is for the position of an amino acid) in the "amino acid change" column.
FIGURE 2

Conversion of chest computed tomography at different times. (A
and a) Baseline findings on chest computed tomography (tumor
size: 52 × 55 mm). (B and b) The mass shrank significantly (tumor
size: 31 × 18 mm) after treatment with four cycles of anlotinib plus
cisplatin. (C and c) Stable disease (tumor size: 25 × 21 mm) following
12 cycles of anlotinib + tegafur. (D and d) Progressive disease (tumor
size: 41 × 34 mm) after 29 cycles of anlotinib + tegafur.
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maintenance therapy. The disease progressed after six cycles of

maintenance treatment. Afterwards, the regimen was switched to

anlotinib (12 mg, d1–d14, q3w) combined with tegafur (120 mg d1–

d14, q3w) (Figure 3).
Outcome and follow-up

As of May 24, 2021, the patient received 2 years and 10 months

of anlotinib treatment, with a progression-free survival of 34

months. The degree of adverse event was assessed according to

Common Terminology Criteria Adverse Events Version 5.0. During

the period of the treatment of anlotinib combined with nedaplatin,

the patient experienced thrombocytopenia in the second cycle

(grade 4), which was controlled with thrombopoietin therapy.

Fatigue (grade 2) developed during the 11th and 12th cycles,

which gradually improved during the interval between cycles.

After the disease progressed, we proposed to adjust the treatment

option several times, but the patient and his family refused. The last

follow-up was on December 12, 2022, and the CT result showed

that the lesion size was 78 mm × 59 mm, which increased from the

original diagnosis of 52 mm × 50 mm in size (Figure 2A).
Discussion

In this case, the patient was diagnosed in July 2018 (cT3N2M0),

and he could first be considered for surgery. However, his family

adamantly refused due to his advanced age and underlying diseases.

We also considered immunotherapy in combination with platinum-

based chemotherapy, but PD-1 inhibitors were expensive and not

financially affordable the patient and his family. Shortly before his

diagnosis, anlotinib was approved by China Food and Drug

Administration as a third-line treatment for advanced squamous

lung cancer (the peripheral type only) based on the results of two

clinical trials of anlotinib as a third-line or further treatment for

NSCLC. One clinical study (ALTER0302) showed that the median

progression-free survival (PFS) of the anlotinib group was

significantly better than that of placebo (4.8 vs. 1.2 months) (8).

The other clinical trial (ALTER0303) showed that anlotinib has

extended median OS and PFS significantly, that is, 9.6 months vs.

6.3 months and 5.4 months vs. 1.4 months, respectively, compared

with the placebo. Under the third-line or beyond treatment setting,
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the anlotinib combination therapy showed manageable toxicities and

encouraging efficacy, indicating a good application prospect (9),

which is one of the reasons why we administrated anlotinib as a

front-line treatment. The other reasons are as follows: first, according

to the National Comprehensive Cancer Network guidelines (2018

edition), radical concurrent chemo-radiotherapy is preferred for

inoperable stage IIIB NSCLC patients. However, clinical studies

have shown that concurrent radiotherapy is poorly tolerated in

elderly patients (10), with a high possibility of discontinuing

treatment. Sequential chemoradiotherapy may be considered for

patients who cannot tolerate concurrent chemoradiotherapy.

However, this patient had multiple underlying diseases such as

COPD and T2DM; thus, the risk of uncontrollable side effects was

high. Moreover, the target volume was too large to determine an

appropriate radiotherapy plan ensuring antitumor efficacy and safety.

Third, the toxicity of anti-angiogenesis drugs, including anlotinib, is

much lower than chemotherapy, and adverse effects are controllable

(9, 11). Anlotinib is reported to have the advantage of low toxicity

(12). The most frequent toxicities include hypertension, hand–foot

syndrome, fatigue, etc. Fourth, anti-angiogenesis treatment required

attention to the side effect of hemoptysis. Fortunately, this patient had

no symptoms of active hemorrhage, and the lesion was peripheral, so

the risk of hemorrhage was evaluated as low. Fifth, the patient and his

family refused to undergo radiation therapy, so we applied to the

Ethics Committee for the inclusion of anlotinib as first-line

treatment. The patient and his family eventually chose anlotinib as

the first-line treatment and signed the informed patient’s consent as

approved. He achieved a total progression-free survival of 34 months

using anlotinib as the front-line regimen. From the time of the

patient’s diagnosis to the time of the last follow-up (46 months), the

maximum diameter of his tumor lesion increased by 12 mm. No

uncontrollable toxic side effects were observed in this patient during

the drug administration. We analyzed this patient’s long-term

survival for several reasons. Firstly, this patient did not develop

distant metastases, and the clinical studies associated with anlotinib

have validated distant metastases as an important prognosis (13).

Secondly, it has been shown that inhibition of autophagy improves

the efficacy of anlotinib (14), and age is one of the important reasons

for the effect of autophagy (15). Given the advanced age of this

patient, we consider that he may have a sustainable survival benefit

due to his autophagy inhibition status. Thirdly, this patient has

hypofractionated squamous carcinoma. Although hypofractionated

tumor cells are conventionally more malignant, there is a complex

relationship between cancer and inflammation. Hypofractionated cell

proliferation may inhibit the growth of tumor cells through

specialized pro-resolving mediators (16), which may also be a

factor in this patient’s long survival. Fourthly, the patient in this

case had TP53 mutations (mutant abundance: 14.37%) with TMB:

21.15 Muts/Mb. TP53 mutations have been identified to be involved

in the process of neovascularization associated with increased VEGF

expression, which is one of the important targets of anlotinib. Fu et al.

found that TP53 mutations are significantly associated with a

favorable prognosis in patients with advanced solid malignancies

(17). It has also been shown that advanced NSCLC patients with high

TMB mutations (>10 Muts/Mb) can benefit from anti-angiogenesis

therapy (18). Unfortunately, we could not ascertain PD-L1 expression
FIGURE 3

Timeline of events from diagnosis to progressive disease and
summary of the administered treatments. Treatment work flow from
[(anlotinib + NDP) à (anlotinib + DDP)] (6 cycles) to(anlotinib) (6
cycles) and to (anlotinib + tegafur) (29 cycles). After undergoing this
treatment strategy, the patient has achieved a PFS of 34 months and
an OS of 53 months. These results surpass those seen in the
majority of real-world studies and clinical trials.
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because of the insufficient volume of tissue obtained in the first biopsy

and the patient’s unwillingness to undergo a repeat biopsy.

This patient had disease progression after six cycles of anlotinib

monotherapy maintenance. We switched to anlotinib combined with

tegafur because oral tegafur treatment was more convenient and

economical. The EAST study demonstrated that tegafur is equally as

efficacious as docetaxel (19). In addition, anti-angiogenesis therapy

can improve the local hypoxic condition of the tumor

microenvironment, which is more conducive to the entry of

chemotherapeutic drugs into the tumor tissue. There is a growing

number of studies on anlotinib as a second-line treatment from 2018

onwards. One study showed that anlotinib combined with

chemotherapy might be an effective and well-tolerated treatment

for advanced NSCLC in patients who fail in first- or second-line

therapy (20). Anlotinib plus camrelizumab had shown promising

efficacy and manageable toxicity as a second-line or later-line therapy

for NSCLC, especially in the 12 mg cohorts (21). However, another

study showed that anlotinib was less effective than platinum-

pemetrexed chemotherapy in T790M-nega t i ve lung

adenocarcinoma, implicating that it may be more suitable for

squamous cell lung carcinoma (22). Hence, anlotinib has a

synergistic antitumor effect and good safety for NSCLC and may

be promising for front-line treatment for NSCLC (20). There have

also been more studies of anlotinib as a first-line treatment in the last

2 years, and most of these studies have adopted the combination

therapy model. The latest clinical analysis of first-line therapy in

elderly patients with advanced lung adenocarcinoma without driver

gene mutations showed similar median PFS (3.0 m vs. 2.8 m) and OS

(7.0 m vs. 7.0 m) in the anlotinib group and the chemotherapy group

(P > 0.05), and there was no significant difference in ORR (17.5 vs.

15%) or DCR (67.5 vs. 65.5%) between both treatment groups (23).

The other studies have shown that, for driver gene-negative NSCLC

patients, the median PFS in the anlotinib combined with

chemotherapy group was 1.54 months longer than that in the

chemotherapy group (9.38 months vs. 7.84 months, P < 0.05), and

the median OS in the anlotinib combined with chemotherapy group

was longer as well (11.52 months vs. 10.46 months), but the difference

was not statistically significant (P > 0.05) (24). A study on inoperable

NSCLC patients indicated that the median PFS of sequential

chemoradiotherapy patients was 10.8 months, but grade 3 acute
Frontiers in Oncology 05254
esophagitis occurred in four of 78 patients (5%) (25). As shown in

Table 2 (18, 23, 26), anlotinib is promising for the first-line treatment

for NSCLC with its median PFS range of 3.0 to 15.0 months.

Recently, more studies focused on the first-line usage for NSCLC

but less for elderly patients. To the best of our knowledge, the

NSCLC patients in most clinical trials were not allowed to be older

than 75 years—for example, the median age of patients with lung

cancer who were treated in pivotal trials involving immunotherapy

ranged from 61 and 65 years, which are lower than the median age at

diagnosis. Thus, such poor representation of older patients in clinical

trials makes truly evidence-based decisions on the best regimen for

geriatric patients difficult. This patient was 77 years old at diagnosis

and achieved a total PFS of 34 months and OS of 53 months after

anlotinib treatment, which exceeded most of the results of real-world

studies and clinical trials. This case report suggests that combining

anlotinib with chemotherapy shows promise as a front-line

treatment for elderly patients with advanced NSCLC. Further

prospective studies are necessary to validate these findings.
Conclusion

As a front-line treatment, anlotinib significantly prolonged this

elderly NSCLC patient’s survival time and improved his quality

of life.
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non-small-cell lung cancer
during osimertinib treatment
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We present a case of a woman with non-small-cell lung cancer (NSCLC) who

experienced disease progression during treatment with the epidermal growth

factor receptor (EGFR)-tyrosine kinase inhibitor (TKI) osimertinib due to an

unplanned pregnancy. Given the risk of tumor progression, the patient

underwent an artificial abortion. However, disease deterioration occurred

shortly after termination of the pregnancy, with severe chest pain, increased

dyspnea, and pleural effusion. After positive rescue measures, including

emergency thoracic drainage, thoracentesis, and oxygen uptake, her

symptoms improved. Considering pregnancy as an immune escape

physiological process, the patient continued treatment with osimertinib, and a

partial response (PR) lasting 16 months was observed. Therefore, this case

highlights the importance of being vigilant about the rapid development of the

tumor after delivery in pregnant patients with EGFR-mutation lung cancer and

taking preventive measures to cope with various emergencies.

KEYWORDS

pregnancy, non-small-cell lung cancer, epidermal growth factor receptor, tyrosine
kinase inhibitor, deterioration
Introduction

In recent decades, lung cancer has remained the most lethal type of cancer. According

to the 2020 global cancer statistics (1), there were 1.8 million deaths from lung cancer, far

surpassing other cancer types and posing a serious threat to people’s health and lives. While

lung cancer frequently occurs in individuals over the age of 60, its incidence has been

gradually increasing in the younger female population in recent years (2, 3). As women

delay family formation due to social and economic development, tumors and pregnancy

may occur simultaneously. Although the occurrence of malignant tumors during

pregnancy is relatively rare, approximately 1 case per 1,000 pregnant women is
frontiersin.org01257
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diagnosed with malignancy (4). While lung cancer is one of the

most common malignancies, it is rare during pregnancy. Non-

small-cell lung cancer (NSCLC) is the most common histological

type, accounting for 80%–85% of all lung cancers in pregnancy (5).

The epidermal growth factor receptor (EGFR) pathway is a crucial

signaling pathway in NSCLC, and the discovery of EGFR mutations as

the most significant oncogenic driver genes in NSCLC has

revolutionized the treatment paradigm for patients with advanced

NSCLC. The deletion of exon 19 and the L858R mutation in exon

21 are considered the “classical” EGFR mutations, accounting for

approximately 85% of EGFR mutations in NSCLC (6). Several

targeted EGFR tyrosine kinase inhibitors (TKI) have been developed,

demonstrating promising efficacy in patients with EGFR mutations.

Among them, the third generation TKI, osimertinib, has stood out (7).

The ethical dilemma of balancing the health of the mother and the

fetus has garnered significant attention. If a woman decides to proceed

with the pregnancy, treatment options can present a significant

challenge (5, 8). A review of published literatures related to lung

cancer during pregnancy has revealed more than 80 reported cases.

The majority of patients had advanced or metastatic disease and

experienced unfavorable outcomes. To our knowledge, few reports

exist on the administration of third-generation EGFR inhibitors

(osimertinib) to pregnant patients with lung cancer. The effects of

osimertinib on the fetus and its efficacy in the treatment of lung cancer

during pregnancy require further investigation.

Here, we present the first case report of a patient with metastatic

non-small-cell lung cancer who experienced tumor progression as a

result of an unplanned pregnancy during treatment with

osimertinib. Following the patient’s artificial induction of labor,

her condition rapidly deteriorated with malignant pleural effusion

and dyspnea. However, she was able to continue treatment with

osimertinib and experienced a sustained tumor response.
Case presentation

A 29-year-old young woman who had never smoked presented

with a history of chest pain and cough that lasted for 1 week. Physical

examination revealed a body temperature of 36.9°C, a pulse rate of 105

beats/min, blood pressure of 103/69 mmHg, and respiratory rate of 22

breaths/min. Dual lung percussion was clear, and the breathing sound
Frontiers in Oncology 02258
of both lungs was clear without any wetness. The serum tumormarkers

showed that the cancer antigen 15-3 (CA15-3) was 45.78 U/ml, and

CA72-4 was 11.78 U/ml, while no abnormalities were observed in the

remaining indicators. Chest computed tomography (CT) revealed a 2.5

× 2.2 cm solid nodule in the middle lobe of the right lung, along with

multiple small nodules in both lungs, a small amount of pleural fluid on

the right side, and several enlarged mediastinal lymph nodes

(Figure 1A). The patient had menarche at the age of 14 with a

menstrual cycle of 28 ± 3 days, lasting 3–5 days, normal menstrual

volume and color, and no dysmenorrhea history. She was pregnant

once, and a healthy male birth was born at the age of 27. The patient

denied any history of previous tumor disease or family history of the

same. Endoscopic ultrasound-guided fine-needle aspiration (FNA)

pathology biopsy indicated scattered heterogeneous glandular

epithelium. Immunohistochemistry (IHC) staining showed CK7 (+),

CK20 (−), CDX2 (−), TTF-1 (8G7G3/1) (+), Napsin A (+), GATA3

(−), Ki67 (MIB-1) (+, 30%–40%), ALK-V (−), and ROS1 (−). These

results supported the diagnosis of NSCLC of adenocarcinoma.

Furthermore, second-generation genetic testing of the puncture

specimen revealed a short deletion in exon 19 of the EGFR gene

(del-19) and a mutation in L858R in exon 21. After a comprehensive

evaluation, the oncologist assigned the staging as cT4N2M1a

(IVa stage).

Following the diagnosis of adenocarcinoma due to the EGFR

mutation, the patient was prescribed the EGFR-TKI gefitinib at a

dosage of 250 mg p.o. q.d (Figure 2). Two months after treatment, a

thoracic CT scan indicated a significant reduction in the nodule in the

middle lobe of the right lung, which had decreased to 1.5 × 1.0 cm,

without enlargement of the hilar and mediastinal lymph nodes

(Figure 1B). The efficacy assessment showed a partial response (PR),

and gefitinib was continued. However, 9 months later, the patient again

experienced chest pain and coughing up blood with dyspnea, serum

carcinoembryonic antigen (CEA) was 91.22 ng/ml, and neuron-specific

enolase (NSE) was 16.77 ng/ml, and CT imaging indicated partial

pulmonary atelectasis and solid changes in the middle and lower lobes

of the right lung, moderate pleural effusion on the right side, and an

increase in bilateral lung lesions and regional lymph nodes (Figure 1C).

The response evaluation revealed progressive disease (PD).

Additionally, the follow-up genetic sequencing revealed the addition

of EGFR T790M mutation in exon 20, which indicated the resistance

to gefitinib.
FIGURE 1

(A) The thoracic CT image displaying lung lesions during initial evaluation. (B) The thoracic CT scan showing the changes in lung lesions after 2
months of gefitinib treatment. (C) The chest CT image during gefitinib resistance.
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Following treatment with osimertinib, a third-generation

EGFR-TKI, the patient’s target lesions exhibited significant

reduction after 2 months of dosing. The bilateral lung nodules

were observed to have shrunk and decreased, the right pleural

effusion disappeared, and the right hilar and mediastinal lymph

nodes shrank, as confirmed by Figure 3A. The efficacy of the

treatment was assessed as PR. Continuous administration of

osimertinib for 8 months further reduced the tumor. However,

the patient was unexpectedly found to be 4 weeks pregnant, and

pregnancy termination was recommended due to the risks

associated with treatment using osimertinib. Despite being fully

informed of the potential risks of preterm delivery, fetal

malformation, and late developmental complications associated

with osimertinib treatment, the patient and her family decided to

continue with the pregnancy. Targeted therapy was suspended in

order to avoid potential risks of osimertinib to healthy fetal

development. Unfortunately, the disease progressed upon

assessment at 8 weeks of pregnancy.

We again informed the risks associated with continuing the

pregnancy, and the patient ultimately decided to undergo an

abortion at 9 weeks of gestation. However, an unforeseeable

emergency arose after the procedure: the human chorionic

gonadotrophin (HCG) levels rapidly dropped (Figure 4A). Shortly

thereafter, the patient developed severe chest pain, respiratory

distress, and moderate right pleural effusion. Red blood cell and

lymphocyte counts decreased, and blood gas analysis revealed a pH

of 7.452, oxygen level of 116.4 mmHg, potassium level of 3.37

mmol/L, glucose level of 6.60 mmol/L, oxygen saturation of 99.5%,
Frontiers in Oncology 03259
and ion level of 1.02 mmol/L. Additionally, there was a significant

increase in C-reactive protein (CRP), interleukin-6 (IL-6), and

various tumor markers, indicating a rapidly deteriorating and

urgent situation.

The patient was treated urgently with oxygen therapy and

ultrasound-guided thoracentesis and drainage to relieve the

pleural effusion. As gestation can lead to abnormal hormone

secretion and immunosuppression, we believed that the rapid

progression of the disease was not due to drug resistance to

osimertinib. Therefore, 1 week after abortion, osimertinib targeted

therapy was resumed, resulting in the disappearance of the pleural

effusion and reduction in lung nodules and lymph nodes

(Figure 3B). At the time of data collection, the patient had been

on osimertinib treatment for over 16 months and was still

benefiting from it (Figure 3C).

Throughout the course of treatment, we also monitored the

patient’s serum tumor marker levels, the NSCLC-specific marker

cytokeratin fragment 19 (CYFRA21-1) (Figure 4B), and the broad-

spectrum markers CEA, CA125, CA153, and CA724 (Figures 4C–

F). These data were concordant with imaging findings and patient

symptoms, to some extent, allowing to monitor the therapeutic

effect, assess prognosis, and predict recurrence (9–11). Especially in

the 20th month, after abortion at 9 weeks of pregnancy, serum levels

of the above five tumor markers increased sharply, reflecting the

critical situation caused by rapid tumor progression at that time;

when continued treatment with osimertinib, the patient’s serum

tumor markers decreased rapidly, consistent with imaging

findings (Figure 3C).
FIGURE 3

(A) The thoracic CT scan revealing the changes in lung nodules after 2 months of osimertinib treatment. (B) The chest CT image following
termination of pregnancy. (C) Chest CT scan after 16 months of osimertinib treatment and demonstrating sustained partial response.
FIGURE 2

Flow-process diagram illustrating the patient’s tumor management.
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Discussion

Lung cancer ranks third in prevalence among women and is the

second most lethal tumor type worldwide (1). In recent years, lung

cancer in pregnant women has been increasingly reported, and the

majority of patients are diagnosed with progressive disease at stage III–

IV (12). With advances in the study of lung cancer biology, molecular

characteristics, and biomarkers, the treatment paradigm of lung cancer

has undergone significant changes, leading to prolonged survival and

improved the quality of life for patients (13). However, the

management of pregnancy with lung cancer remains complicated.

The challenge lies in balancing optimal treatment outcomes with fetal

health, as treatment may potentially threaten the healthy development

of the fetus, leading to serious ethical considerations (14).

We present a case report of a young non-smoking woman with

NSCLC who had an unplanned pregnancy during osimertinib

treatment, despite being advised to use strict contraception. After the

diagnosis of tumor progression, the patient made the difficult decision

to terminate the pregnancy. Unexpectedly, 2 weeks following the

induced abortion, the patient developed severe chest pain and

respiratory distress, and CT imaging revealed multiple patchy and

solid shadows in the right lung, right pleural effusion, and enlarged

mediastinal and bilateral axillary lymph nodes. Pulmonary vein

embolism, pulmonary heart disease, and severe lung infection were

all ruled out as potential causes, and the rapid progression of lung

cancer was confirmed. However, with continued treatment of

osimertinib, the patient achieved sustained remission.

In this case, three questions have arisen for our consideration. First

is the efficacy and safety of drugs previously reported in patients with

pregnancy-related driver gene-positive lung cancer, whether treated

accordingly during pregnancy or after delivery, as compared to

previous studies (15, 16). However, we noted that our report differed

from previous cases, as most previous cases were diagnosed with lung

cancer after pregnancy, whereas we reported an unplanned pregnancy
Frontiers in Oncology 04260
during lung cancer treatment. After pregnancy, the body enters a state

of immune escape from the fetus and placenta, which facilitates normal

fetal growth and development. Unfortunately, tumor cells also

simultaneously escape from immune cells with the help of the body’s

state of immune suppression and grow rapidly (17). Additionally, the

increased estrogen and progesterone levels during pregnancy, in

response to estrogen receptor-positive tumor cells, promote the

proliferation of lung cancer cells, which may contribute to rapid

tumor progression (18).

Second, what is the cause of rapid disease progression in patients

after undergoing induced abortion? After termination of pregnancy,

the immune-evasion mechanism of the fetus and malignant tumor

ceases, and the organism restores normal immune function. This

recognition of mutated tumor cells induces a strong anti-tumor

immune response in a short period of time, and a large number of

immune cells infiltrate, leading to acute tumor growth and pleural

effusion. Moreover, abortion is an exogenous physical trauma that

causes an inflammatory response in the body, attracting inflammatory

cells and secretion of a large number of inflammatory factors. The

healing process of the trauma further increases the expression of

epidermal growth factor (19), thus accelerating tumor deterioration.

Additionally, it has been demonstrated in NSCLC cell lines that

estrogen can induce downregulation of EGFR expression in tumor

cells (20), and this finding was also verified in mouse experiments that

the administration of exogenous estrogen to male mice significantly

inhibited the growth of lung cancer and attenuated NF-kB-driven
immunosuppression (21). The rapid decrease in estrogen and

progesterone levels in vivo after termination of pregnancy and the

liberation of NF-kB immunosuppression, along with the upregulation

of EGFR expression in response to estrogenic changes, may also be

important for the disease progression.

Third, does pregnancy have different effects on lung cancer with

different driver genetic alterations? Our report is similar to two

other cases of lung cancer in pregnant patients delivered by cesarean
B C

D E F
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FIGURE 4

Serum HCG (A) and tumor markers CYFRA21-1 (B), CEA (C), CA125 (D), CA153 (E), and CA724 (F) levels during the entire diagnosis and treatment process.
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section, which exhibited rapid disease progression after delivery and

followed a consistent clinical course (22, 23). One of the cases

involved a 27-year-old woman who experienced fulminant

respiratory failure on the third day after cesarean delivery.

Despite the best supportive care, she succumbed to cardio-

pulmonary failure 4 days postoperatively (23). Notably, all three

lung cancer cases, including our own, exhibited amplification or

mutation of the EGFR driver gene. Another driver oncogenic

molecule, the anaplastic lymphoma kinase (ALK) gene, is more

commonly implicated in pregnancy-associated lung cancers (8).

However, unlike EGFR mutations, pregnancy-associated lung

cancers carrying ALK gene alterations did not show acute tumor

progression after delivery; sustained disease remission was achieved

through continued ALK-TKI therapy (24, 25). The observed

differences in tumor behavior before and after delivery in

pregnancy-associated lung cancers with different driver gene

alterations may be related to dominant oncogenic pathways.

Patients with EGFR mutations may be more sensitive to changes

in hormonal and inflammatory responses in vivo, indicating the

need for individualized formulation of management measures for

lung cancer in pregnancy with specific driver mutations.

Therefore, termination of pregnancy in lung cancer patients

requires heightened vigilance, especially in cases associated with

EGFR mutations, as the disease may worsen dramatically following

cesarean section or abortion. Adequate preparations should be made

before termination of pregnancy to handle any unexpected

emergencies, such as oxygenation, blocking driver gene signaling,

suppressing immune response, and reducing the inflammatory

response. Currently, there are no established guidelines for the

clinical management of lung cancer during pregnancy, and treatment

decisions are mostly based on case studies. Therefore, we strongly

advocate the establishment of an international mutual support network

platform dedicated to the study of pregnancy-related lung cancer,

which can provide references for the standardized treatment of

pregnancy-related lung cancer by sharing valuable experiences

and insights.

Furthermore, strict contraception during treatment for female lung

cancer patients of childbearing age is of utmost importance, as

pregnancy can severely limit treatment options and delay the

optimal tumor treatment. For lung cancer diagnosed during

pregnancy, the main conflict between disease control of the mother

and potential risks to the fetus should be carefully considered when

choosing an optimal treatment. To provide an individualized treatment

strategy for mothers with lung cancer during pregnancy, a

multidisciplinary and integrated collaborative approach consisting of

oncologists, obstetricians, and psychologists should be established,

meanwhile respecting the patient’s autonomous will.
Patient’s perspective

Unexpectedly, I became pregnant while undergoing treatment

for lung cancer. Despite being advised by my doctor about the
Frontiers in Oncology 05261
possibility of treatment resistance, I chose to continue with the

pregnancy. However, the disease progressed rapidly, and I made the

decision to terminate the pregnancy. Following the procedure, I

experienced a life-threatening complication that required prompt

medical intervention. Thanks to the prompt and dedicated care

provided by my medical team, the tumor was brought under

control. I feel extremely fortunate to have received such

excellent care.
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