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Editorial on the Research Topic
Case reports in breast cancer 2023-2024

Breast cancer remains one of the most prevalent malignancies worldwide,
encompassing a wide spectrum of subtypes and therapeutic challenges. While studies
utilizing large groups of patients are essential for understanding this disease and its
treatment, individual reports of unusual or unrecognized cases can provide valuable
insights (1, 2). These unique situations often lead to new research directions and
therapies. As the use of multi-omic techniques and the availability of multi-omic data
sets become more widespread in this era of precision medicine we will undoubtedly also see
reports of important new and hopefully targetable biologic processes through the report of
“n of 17 case studies (3, 4). The case reports noted in this compendium illustrate both the
intricacies of managing early-stage and metastatic disease and the opportunities afforded by
innovative therapies, unexpected clinical scenarios, and advances in personalized medicine.
Collectively, these cases underscore the dynamic nature of breast cancer care and the
importance of heightened clinical awareness as well as multidisciplinary collaboration.

A striking example involves bone marrow metastasis with necrosis presenting 11 years
after an initial diagnosis of ductal carcinoma in situ (DCIS). This delayed recurrence
underscores the importance of vigilant, long-term surveillance for patients with high-risk
features, such as being under 40 years old, the size of the DCIS, nuclear grade, presence of
necrosis, multifocality, surgical margins, and the mode of detection, even among those with
seemingly early-stage disease.

Innovative approaches are also reshaping local treatment. One report describes
intraoperative radiation therapy (IORT) as an alternative for patients who are unable to
tolerate conventional external-beam regimens, particularly for those with difficulty staying
still, or with vision impairment that prevent them from traveling to receive post-surgical
radiation. This underscores the value of tailoring therapy to individual needs, thereby
optimizing both compliance and comfort.

The management of triple-negative breast cancer (TNBC) is particularly challenging
for patients who are survivors of B-cell acute lymphoblastic leukemia. Key challenges
include cardiac toxicities from cumulative dose of doxorubicin and radiation, the use of
immune checkpoint inhibitor after allogeneic stem cell transplantation (allo-SCT), and
testing for hereditary cancer in patients with history of allo-SCT. These scenarios highlight
the complexities involved managing patients with a secondary primary TNBC following
successful treatment for acute leukemia and allo-SCT. They underscore the delicate balance
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between aggressive treatment and the risk of adverse outcomes,
reinforcing the importance of individualized strategies guided by
multidisciplinary expertise.

Equally significant are the dynamic shifts in tumor biology.
Hormone receptor conversion—cases transitioning from negative
to positive status, or vice versa—reflects the evolving nature of
metastatic disease and the need for periodic reassessment.
Additionally, findings from the Plus-ENDO study support the use
of ultrasound-based evaluations in advanced hormone receptor-
positive disease for patients treated with CDK4/6 inhibitor-based
therapy. Ultrasound demonstrated changes in lesions not only in
size but also in echogenicity and the absence of vascularization.
Ultrasound remains a practical and accessible tool for monitoring
local response to medical treatments, particularly in unfit and
elderly patients, allowing for a delay in more demanding and
expensive exams. This approach has the potential to streamline
monitoring and enhance treatment precision.

Rare and atypical presentations continue to challenge
conventional diagnostic frameworks. Reports include metaplastic
carcinoma, primary breast osteosarcoma, neuroendocrine breast
carcinoma with a germline EGFR mutation, and incidental
discoveries of invasive lobular carcinoma or anaplastic large cell
lymphoma during surgery. Other unusual scenarios—such as
ectopic breast cancer in males, renal pelvis metastasis following
angiosarcoma surgery, fibroadenoma associated with atypical ductal
hyperplasia, and infiltrating epitheliosis mimicking invasive
carcinoma—demonstrate the wide range of clinical presentations.
Breast cancer presenting as numb cheek syndrome without a
discrete mass, as well as breast involvement from extramammary
malignancies (including ovarian mucinous carcinoma, rectal
carcinoma, papillary thyroid cancer, and endometrial clear cell
carcinoma), highlights the need for thorough evaluation to avoid
misdiagnosis. In addition, case reports provide valuable insights
into the management of rare entities such as giant breast skin warts,
malignant phyllodes tumors, and double mammary
pseudangiomatous stromal hyperplasia, for which randomized
data remain unavailable.

Complex histologies further complicate management. Multi-omic
analysis of HER2-enriched, AR-positive breast carcinoma with apocrine
differentiation and an oligometastatic course has provided important
insights into the genomic and molecular landscape of this rare subtype,
underscoring the need for personalized and comprehensive research
approaches. Similarly, the report of concurrent breast myeloid sarcoma
and a borderline phyllodes tumor illustrates how uncommon
combinations can defy standard diagnostic categories, necessitating
close multidisciplinary collaboration.

Targeted therapies continue to expand the treatment landscape.
The use of Phesgo® (subcutaneous fixed-dose combination of
trastuzumab and pertuzumab) in a patient undergoing
hemodialysis illustrates the adaptability of HER2-targeted
regimens in complex medical contexts. A case involving a young
woman who achieved long-term complete remission with a third-
line PARP inhibitor following immunotherapy highlights the
potential for exceptional responses to targeted therapies. Likewise,
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novel agents such as fam-trastuzumab deruxtecan, ESG401 (a Trop-
2 antibody-drug conjugate), and margetuximab offer new options
for HER2-positive metastatic disease. Interestingly, even traditional
chemotherapy, such as low-dose continuous 5-FU, has shown the
capacity to induce remarkable responses in heavily pretreated
TNBC with liver and bone marrow failure.

Emerging therapies, however, also bring new challenges. CDK4/
6 inhibitors such as ribociclib, while effective, have been associated
with rare toxicities including palinopsia, vitiligo-like reactions, and
photosensitivity presenting as dyschromia. PIK3CA inhibitors such
as alpelisib have similarly been linked to vitiligo-like toxicity, while
urothelial injury has been reported as a rare complication of
paclitaxel and trastuzumab. Case experience with ribociclib in a
patient with acute hepatitis—an often excluded population—
provides additional insight into managing complex comorbidities.
These examples highlight the importance of balancing efficacy with
safety, careful monitoring, and patient education.

Beyond oncologic control, psychosocial and functional
considerations are equally critical. Rehabilitation strategies for
lymphedema, for example, can significantly improve quality of
life, reinforcing the importance of holistic care that addresses
both physical and emotional well-being.

Taken together, these cases reflect the complexity of breast
cancer management across the spectrum of disease. They reinforce
the central role of personalized medicine, the necessity of
integrating supportive care, and the value of sustained vigilance in
follow-up. As new therapies expand possibilities and tumor biology
continues to reveal its adaptive nature, clinicians must remain both
innovative and flexible in their approach.

In conclusion, breast cancer care is defined by complexity,
diversity, and continual evolution. The cases highlighted here
demonstrate not only the challenges faced by patients and
clinicians but also the opportunities created by advances in
diagnostics, therapeutics, and multidisciplinary care. Moving
forward, the integration of novel treatments with compassionate,
individualized strategies will be essential to improving outcomes.
With ongoing research and collaboration, we can continue to
navigate this evolving landscape with both scientific rigor and
human resilience.
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Case report: Metastatic
metaplastic breast cancer with
choriocarinomatous features:
Targeting the choriocarcinoma
component for cure
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‘Department of Medicine, Stony Brook University, Stony Brook, NY, United States, 2Department of
Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, United States, *Department of
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Breast cancer with choriocarcinomatous features (BCCF) is a rare and
aggressive breast cancer. BCCF carries a poor prognosis and there is
unfortunately scant literature to guide treatment beyond surgical resection
with most patients receiving standard regimens for breast cancer. In our case,
we present a 42-year-old female with an initial hCG of 2,324 and two
suspicious lesions of the right breast. On biopsy, each lesion had distinct
histopathology with the larger lesion diagnosed as BCCF and the smaller
lesion being an invasive ER/PR positive ductal carcinoma. The diagnosis of
BCCF rather than metastatic choriocarcinoma was confirmed using DNA
typing. Salvage chemotherapy targeting choriocarcinoma resulted in marked
clinical and biomarker success including normalization of the hCG. After
recurrent brain metastases were diagnosed, high dose chemotherapy with
methotrexate was administered resulting in long term remission.

KEYWORDS

breast cancer with choriocarcinomatous features, choriocarcinoma, metaplastic
breast cancer, chemotherapy, methrotrexate, long term remission

Background

Breast cancer with choriocarcinomatous features (BCCF) can be challenging to treat.
In all cases, the diagnosis of choriocarcinoma should be excluded in the reproductive
organs prior to attributing the breast findings to a metaplastic breast cancer. BCCF was
first described in 1981 by Saigo and Rosen and since then there have been at least 18 cases
reported in the literature (1). Histology and immunohistochemistry reveal human
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chorionic gonadotropin (hCG) positive choriocarcinomatous
cells (syncytiotrophoblasts and cytotrophoblasts) mostly in the
background of DCIS or invasive carcinoma (2). The
choriocarcinomatous area is usually surrounded by
hemorrhage and necrosis. Serum hCG is variably expressed in
BCCF. When hCG is elevated, it serves as an accurate marker for
disease recurrence and response to treatment (3). BCCF carries a
poor prognosis and there is unfortunately scant literature to
guide treatment beyond surgical resection with most patients
receiving standard regimens for breast cancer. In our case, we
present a 42-year old female diagnosed with BCCF and recurrent
brain metastases who is now disease free over 5 years from her
last treatment after progressing through standard breast cancer
regimens and responding to chemotherapy appropriate
for choriocarcinoma.

Case presentation

A 42-year-old Gravida 3 Para 2 female presented post-op
day #4 from a dilation and curettage (D+C) for a presumed
missed abortion based on elevated hCG. Subsequent hCG
increased from 2,324mIU/mL to 2,445 after D+C and she was
sent to the hospital for evaluation of a suspected ectopic
pregnancy. Endovaginal ultrasound revealed a complex
subcentimeter cystic structure adjacent to the right ovary
suspicious for an ectopic pregnancy. She received one dose of

FIGURE 1

Breast mass at 10 o'clock position. (A) Hematoxylin-eosin (HE) stain at 100x magnification shows tumor cells in a hemorrhagic necrotic
background. (B) HE stain at 400x magnification shows sheet-like formation of epithelial cells with pleomorphic hyperchromatic nuclei, multiple
prominent nucleoli and abundant vacuolated cytoplasm. No syncytiotrophoblastic cells are seen. (C) Immunohistochemistry shows all cancer

cells strongly express human chorionic gonadotropin (hCG).
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methotrexate (MTX) 0.5mg/kg with a second dose of MTX
administered day 4 secondary to a rising hCG. Her hCG
continued to rise and she underwent laparascopic surgery
which revealed an edematous right fallopian tube which was
excised, revealing benign pathology.

In the interim, the patient self-palpated a right breast mass
and underwent mammography which revealed a high density
mass in the right axillary tail. Bilateral breast magnetic resonance
imaging (MRI) revealed an approximately 6.0cm mass in the 10
o’clock position abutting the pectoral muscle with two additional
lesions measuring approximately 6mm that were 3mm and
1.2mm inferior to the main tumor mass highly suggestive of
satellite lesions. Also found was a 6mm irregularly shaped
enhancing lesion at 6 o’clock and an 8mm rounded right
axillary lymph node suspicious for metastases. Core needle
biopsy of the 6mm lesion at 6 o’clock revealed invasive ductal
carcinoma, moderately differentiated, ER 80%, PR 80%, Ki-67
15%, and Her2 negative. GATA 3, cytokeratin 7, and
mammoglobin were expressed, and the tumor cells did not
express hCG as demonstrated in Figure 1. Core biopsy of the
dominant 6cm mass at 10 o’clock revealed a very different
picture with a poorly differentiated carcinoma with extensive
hemorrhage and necrosis observed. Immunohistochemical
stains found the tumor cells did not express estrogen,
progesterone, or HER2 receptors (triple negative) with a
markedly elevated proliferative marker, Ki-67, at 70%, with
expression of cytokeratin 7, GATA3, and importantly, hCG as
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demonstrated in Figure 2. She underwent staging with '*E-FDG
PET/CT (positron emission tomography with computed
tomography) which revealed a large hypermetabolic (SUV 7.3)
right breast mass measuring 4.5 x 3.0 cm with central necrosis,
inflammatory skin changes, and several small mildly
hypermetabolic right axillary lymph nodes concerning for
early metastatic disease. No other sites of disease or abnormal
uptake were noted. A brain MRI revealed no evidence of
metastatic disease.

She initiated neoadjuvant treatment with dose dense AC
[Adriamycin (60mg/m2) and Cyclophosphamide (600mg/m?2)].
Clinically, there was no response to therapy and her hCG increased
to 12,580mIU/mL after 2 cycles on treatment. Her therapy was then
switched to a known salvage regimen for choriocarcinoma and she
received alternating cycles of paclitaxel 135mg/m2 (day 1) and
cisplatin 60mg/m2 (day 1) with paclitaxel 135mg/m2 (day 15) and
etoposide 150mg/m2 (day 15) (TP/TE), for a total of 8 cycles (4 cycles
of each treatment). Her hCG decreased markedly after her first cycle,
as did her breast mass by physical exam. After completing 4 months
of therapy, her hCG had normalized and her breast MRI revealed a
partial response to treatment with no significant change in the
smaller ER+ breast cancer at 6:00. She underwent a right modified
radical mastectomy with a left risk reducing (prophylactic)
mastectomy performed per patient wishes. Pathology of the BCCF
cancer at 10:00 showed a 4.7cm necrotic mass without viable tumor
cells. At the 6:00 position, two adjacent foci of invasive ductal
carcinoma were seen, measuring 1.5cm and 2.3mm. The larger

10.3389/fonc.2022.1061679

lesion was moderately differentiated, ER 29%, PR negative, HER2
negative, with a low Ki-67 at 3% and neither area expressed hCG by
immunohistochemical analysis. Four of thirteen axillary lymph
nodes contained metastatic disease with the largest metastatic focus
at 2.5mm. Biomarkers on the involved lymph node revealed a high
grade triple negative cancer with an elevated Ki-67 of 61%.
Of note, hCG was not expressed in the lymph node by
immunohistochemistry. DNA typing of the tumor was performed
to confirm a primary breast cancer rather than metastatic
choriocarcinoma. The tumor revealed only maternal DNA with no
paternal DNA present confirming metaplastic breast cancer. Genetic
testing of the patient did not reveal a deleterious BRCA mutation.

One week following her breast surgery and 3 weeks after
completing neoadjuvant chemotherapy, she presented with a
grand mal seizure and was found to have a hemorrhagic lesion
measuring 2 cm in the left temporoparietal lobe associated with
vasogenic edema. Her hCG level had increased from 2 to
48mIU/mL. She underwent left temporal craniotomy with
tumor excision. Pathology revealed a high-grade metastatic
carcinoma with hCG expression. She received a single
stereotactic radiosurgery fraction of 15 Gy to the brain and
comprehensive radiation treatment to the right chest wall and
regional nodal areas (50 Gy in 25 fractions to the right chest wall,
supraclavicular, axilla, and internal mammary nodes).

Two months after neurosurgery and stereotactic radiation,
she was re-admitted to the hospital with recurrent neurologic
findings. Her hCG had increased from 1 to 139mIU/mL. Repeat

FIGURE 2

Breast mass at 6 o'clock position. (A) HE staining at 100x magnification shows tumor cells with sheets, tubular, cords or single cell formation
infiltrating through desmoplastic stroma. (B) HE staining at 400x magnification shows moderately differentiated tumor cells with high nuclear:
cytoplasmic ratio and pleomorphic hyperchromatic nuclei infiltrating through desmoplastic stroma. (C) hCG IHC shows that all the cancer cells

are negative for beta-HCG.
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MRI showed hemorrhage in the surgical bed. She underwent re-
resection of the brain cavity and a small foci of residual/
recurrent hCG expressing carcinoma was seen on pathology.
She then went on to receive a total of five cycles of high dose
MTX (3.5gm/m?2 per cycle). Her hCG became undetectable after
3 cycles. Restaging PET/MRI prior to her final cycle of high dose
methotrexate did not show any evidence of disease outside the
brain. She was started on anastrazole one month after
completion of high dose MTX. She is now over 5 years from
completion of chemotherapy and 5 years from diagnosis and her
hCG remains undetectable, her brain MRI shows only stable
post-operative findings, and she is without evidence of
active disease.

Discussion

BCCEF, a rare, aggressive and unique entity, is a cancer
characterized by cells including multinucleated
synctiotrophoblast-like giant cells expressing hCG and one
whose pathogenesis and optimal treatment remains undefined.
Metaplastic changes associated with breast cancer include
osseous, chondroid, matrix production, squamous, and spindle
cells (4). It is thought that through a metaplastic process in
carcinomatous breast cells, commonly infiltrating ductal
carcinoma cells, choriocarcinomatous cells are formed.
Metaplasia to choriocarcinoma has been seen in other
adenocarcinomas as well including cancers of the esophagus,
stomach and colon (5).

On gross examination, the tumor generally appears well
circumscribed with hemorrhagic and necrotic components,
similar to choriocarcinoma with breast metastasis. Typically,
the choriocarcinomatous cells are associated with hemorrhage
and necrosis in a background of either invasive ductal carcinoma
or ductal carcinoma in situ (6). Choriocarcinomatous cells have
been described as multinucleated, giant bizarre looking cells
resembling syncytiotrophoblastic and cytotrophoblastic cells (7).
Interestingly our case did not have the typical histologic pattern
of BCCF as there was no component of invasive or in situ ductal
carcinoma or multinucleated giant cells resembling
syncytiotrophoblastic cells. However, some of the mononuclear
tumor cells did resemble cytotrophoblastic cells. In addition,
there was a second focus of typical invasive ductal breast cancer
without hCG expression located in a different quadrant of the
breast which may have been a second primary lesion versus
potentially the precursor lesion for the BCCF. On
immunohistochemistry, the choriocarcinomatous cells stain
positive for hCG as in our case. It is important to note that 5
-21% of ductal carcinoma cells can also express hCG positivity
on immunohistochemistry (4); and hCG expression alone does
not confirm a BCCF diagnosis. Serum hCG is commonly
elevated in BCCF. It can also be elevated in up to 12 - 33% of
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breast cancer patients who do not have evidence of
choriocarcinoma or choriocarcinoma features in their tumor
(1). "*F-FDG PET/CT has also been used as a tool for detecting
malignant tissue due to malignant cells accumulating FDG as a
result of their high rates of glycolysis (8). Sung et al. used '*F-
FDG PET/CT to diagnose the tumor mass in one of their BCCF
cases (8). Similarly, in our case "*F-FDG PET/CT revealed a large
hypermetabolic right breast mass measuring 4.5 x 3.0 cm and
hypermetabolic right axillary lymph nodes consistent with her
disease presentation.

BCCF must also be differentiated from metastatic
choriocarcinoma to the breast. Patients with metastatic
choriocarcinoma typically have a history of reproductive
tumors and a primary breast tumor is not present (6). While
uncommon, trophoblastic cancers can metastasize to the breast.
DNA typing can be useful to exclude metastatic gestational
trophoblastic disease and help differentiate choriocarcinoma
versus BCCF. Choriocarcinoma, as a gestational cancer arising
from hydatiform moles, carries both paternal and maternal
genetic DNA. Thus, DNA genotyping is a definitive tool for
distinguishing metastatic gestational trophoblastic cancer from
other somatic cancers that mimic gestational tumors (9). As our
patient’s tumor consisted of only maternal DNA, we excluded a
gestational origin to the cancer. To our knowledge, this is one of
the first case reports that used DNA typing to differentiate
between metastatic choriocarcinoma and BCCF.

As in most metaplastic breast cancers, immunohistochemistry
is typically triple negative (minimal to no ER, PR, or HER2/neu
expression) in BCCF. Siddiqui et al. did present a case in which
there was immunohistochemical evidence of expression of both ER
and PR in the background tumor with PR positivity and ER
negativity in the giant cells. The lack of hormone receptor positivity
adds to the complexity in treatment and disease-free survival. To
add to the poor prognosis, patients with BCCF also present at a
younger age (average age 48 years) and most present with palpable
masses in the right breast (10). One theory to explain the aggressive
clinical course characteristic of BCCF is that pregnancy associated
proteins such as hCG suppress the immune system to protect
materno-fetal immune reactivity and thereby permit cancer cells to
evade host immunosurveillance (10).

The development of hemorrhagic brain metastases is
another hallmark of choriocarcinoma, and our patient
developed a symptomatic, hemorrhagic brain metastasis soon
after stopping neoadjuvant chemotherapy. It is likely this
metastasis was present at diagnosis, despite the normal brain
MRI on staging, and suggests patients with BCCF often have a
clinical course similar to patients with gestational trophoblastic.

Treatment of BCCF has not been well established. Unlike
choriocarcinoma which has a favorable prognosis in the non-
metastatic setting and responds well to chemotherapy, BCCF has
a poor prognosis with variable survival rates depending on stage.
Endocrine therapy, chemotherapy and surgery are the

frontiersin.org


https://doi.org/10.3389/fonc.2022.1061679
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mehta et al. 10.3389/fonc.2022.1061679

TABLE 1 Previous case reports of BCCF with details of case, treatment and outcome.

Study Age  Pregnant Histology Initial Treatment
(year) (sex) (y/n) Serum
bHCG
Saigo PE, 55(F) N IDC¥, with co-existing N/AXH L TIA Left radical mastectomy N/A 7
1981 anaplastic areas associated with (T2NOMO) months

necrosis & hemorrhage,
choriocarcinomatous cells
found in hemorrhagic area

Fowler 32 (F) | Y (mass felt Large mass w/ necrotic center, 9,920 IV (lung) 10 cycles Etoposide, MTX, 9 1 year
CA, 1995 during 3" choriocarcinoma Adriamycin, Vincristine, months
trimester & Cyclophosphamide
presented
6wks post
partum)
Murata T, 38 (F) N Large-sized, oval-shaped tumor N/A IIIA Right MRM f{/b radiation therapy 2 7
1999 cells with occasional (T3N2MO) and adjuvant 5FU derivative & months | months
hemorrhagic necrosis. anti-GnRH

MGCs*** resembling
syncytiotrophoblasts. DCIS***

background,
Resetkova 38(F) | Y Syncytial pattern of cells <1 1B Excisional bx with clear margins, 1 year N/A
E, 2004 surrounded by rim of chronic (T1IbNOMO) | elective abortion, chemo

lymphoplasmacytic infiltrate. (unknown)

Multiple atypical mitotic figures
& focal tumor necrosis

Resetkova 54 (F) | N IDC with features of 34 1IB MRM, 2 cycles adjuvant chemo 6 N/A
E, 2004 metaplastic ca. with a (T3NOMO) (unknown) + XRT R chest wall months
component of MGCs with a
syncytiotrophoblast-like
appearance. Adjacent necrosis

& hemorrhage.
Siddiqui 56 (F) N IDC & loosely cohesive giant N/A A Right partial mastectomy f/b left 7
NH, 2006 cells with areas of hemorrhage. (T2NOMO) breast radical mastectomy months

ER+/PR+ in background tumor
cells and ER-/PR+ in the giant

tumor
Akbulut 53(F) | N IDC with areas of necrosis & N/A Stage ITA Left partial mastectomy with 6 years
M, 2008 multinucleated (T2NOMO) ALND

syncytiotrophoblastic type giant
cells and cytotrophoblast

looking cells
Akbulut 50(F) | N IDC with numerous MGCs, N/A Stage ITA Right radical mastectomy 4 years
M, 2008 tumor cells resembling (T2NOMO)

syncytiotrophoblastic and
cytotrophoblastic cells,
extensive necrosis and

hemorrhage
Zhu'Y, 32(F) N MGCs resembling 22,931 IV (lung, **2 cy docetaxel + epirubicin 37 N/A
2014 syncytiotrophoblasts. Extensive kidney) —POD — 2cy docetaxel + cis — months
hemorrhage, no infiltrating 1 cy docetaxel + Lobaplatin

ductal ca or DCIS.

(Continued)
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TABLE 1 Continued

Age
(sex)

Pregnant
(y/n)

Histology

Initial
Serum
bHCG

10.3389/fonc.2022.1061679

Treatment

—toxicity — 3cy docetaxel +
capecitabine — 9 cy capeceitabine

IDC with most of tumor with

choriocarcinomatous

Oguz A,
2014

69 (F) N

differentiation with perineural
invasion

N/A

1A Left MRM f/b 6 cy 23

(TINOMO) cyclophosphamide (500mg),
doxorubicin (50mg), 5FU (500mg/
m2)

N/A
months

*IDC, invasive ductal carcinoma; MTX, methotrexate; MRM, modified radical mastectomy; Cis, cisplatin,
** Doses of chemo used in this study were as follows: Q21day cycles, Docetaxel 75mg/m2 (1x/cycle), Epirubicin 75mg/m2 (1x/cycle), Cisplatin 75mg/m2 (1x/cycle), Lobaplatin 35mg/

m2 (1x/cycle), Capecitabine 2g/m2 (2wk on, 1wk off)
*MGC, multinucleated giant cell

**DCIS, ductal carcinoma in situ

FHN/A - Not reported

commonly used treatment strategies for BCCF currently. Thus
far, endocrine therapy such as tamoxifen or gonadotropin-
releasing hormone analogues, has not shown significant
effectiveness in the treatment of BCCF (10). Surgery has
generally been proven to be effective in treating BCCF’; though
there are many cases in which patient develop multiple
metastases shortly after surgery (11). There are also other
cases reported in which BCCF patients have a disease-free
survival of 1 year or more after undergoing surgical resection
(2, 12). Chemotherapy is often used as an adjuvant therapy to
surgical resection with variable success. Standard breast cancer
regimens seem to be relatively ineffective and regimens targeting
the choriocarcinoma component (1), as in our case, may be more
effective (see Table 1). Interestingly, capecitabine has also been
described in at least one case report as an effective regimen in a
case of refractory BCCF (10); and while not a standard regimen
for choriocarcinoma it has been used as a salvage regimen in
gestational trophoblastic neoplasia previously with success. In
our case, we used salvage chemotherapy against
choriocarcinoma (paclitaxel, cisplatin and etoposide) with
marked clinical and biomarker success including
normalization of the hCG after four months of treatment.
After recurrent brain metastases were diagnosed, high dose
chemotherapy with methotrexate was used as treatment and
she currently has no evidence of disease over 5 years after
receiving her final cycle of the chemotherapy. This is the first
case to show the potential effectiveness of methotrexate in
treating metastases to the brain from breast cancer with
choriocarcinomatous features.

In summary, hCG when elevated, is a reliable tumor marker
for disease monitoring in BCCF patients and DNA typing is a
reliable confirmatory test for the diagnosis of BCCF versus
metastatic choriocarcinoma. The successful treatment of our
patient suggests therapies that target the metaplastic component
of breast cancer, choriocarcinoma in our case, can be more effective
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than standard breast cancer regimens and should be considered
early in the course of therapy in nonresponsive patients.
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Primary breast osteosarcoma
in a patient previously treated
for ipsilateral invasive ductal
carcinoma: An unusual case
report with clinical and
genomic features

w 1 l . . 2 . -
Siji Zhu', Haoyu Wang™, Lin Lin?, Xiaochun Fei*
. . 1
and Jiayi Wu™
Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine, Shanghai, China, 2Department of Clinical
Laboratory, Ruijin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,

Shanghai, China, *Department of Pathology, Ruijin Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine, Shanghai, China

Primary breast osteosarcoma is a rare subtype of breast malignancy with
limited clinical evidence, inadequate biological understanding, and unmet
treatment consensus. Here, we report an unusual case of primary breast
osteosarcoma developing in the same quadrant of the breast 2 years after
initial dissection and radiation of invasive ductal carcinoma. Thorough
evaluations of imaging and pathology were conducted while genomic
alterations of both primary and secondary tumors, as well as peripheral
blood samples, were explored through the next-generation sequencing
technique. A comprehensive review of the current literature was also
performed on this rare malignancy.

KEYWORDS

breast malignancy, extraskeletal osteosarcoma, primary breast osteosarcoma,
genomic profile, molecular therapy

Introduction

Primary breast osteosarcoma (PBOS) is an extremely rare subtype of breast sarcoma,
with published data being limited to case reports and small series (1). Given the rarity of
this tumor and divergence concerning its histogenesis, diagnosis, treatment, and
prognosis, there is no common consensus regarding the management of this specific
kind of malignancy. Therefore, reporting each case and its challenges could be helpful to
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expand the available knowledge base in the hopes of eventually
improving patient care. Here, we report the case of a patient who
developed a primary osteogenic sarcoma of the breast 2 years
after being treated by surgery and radiation for invasive
carcinoma of the ipsilateral breast. Genomic sequencing was
conducted to further explore the molecular characteristics of this

unusual malignancy.

Case description
Patient history and presentation

A 42-year-old woman presented with a 3-week history of a
painless, mobile, firm, 2.5-cm lump in the lower outer quadrant
of the left breast without axillary lymphadenopathy. No evidence
of nipple retraction or discharge was observed. The physical
exam of the contralateral breast was unremarkable.

She was already known, having been treated 2 years previously
for a left invasive ductal carcinoma (lower outer quadrant, triple
negative, grade 3, and Ki-67 70%) without nodal involvement
(pT1bNOMO, stage IA). At that time, she underwent lumpectomy
and sentinel lymph node biopsy followed by anthracycline/
taxane-based adjuvant chemotherapy and radiotherapy (40 Gy

10.3389/fonc.2022.1013653

in 15 fractions prescribed to ipsilateral whole breast with a 10-Gy
boost in four fractions to the tumor bed).

At first, the new symptomatic swelling presenting in the
same quadrant 2 years after primary treatment was highly
suspicious of local recurrence. The mammography and
ultrasonography revealed an irregular, bulky mass with a
lobulated border in the lateral part of the left breast
(Figures 1A-C). On MRI, there was a 3-cm mass in the lateral
part of the left breast with a high signal intensity at the periphery
of the tumor (Figure 1D). The diagnosis and treatment timeline
are demonstrated in Supplementary Figure S1.

Pathological evaluation and diagnoses

The initial core needle biopsy suggested a spindle-cell
malignant tumor with osteoid matrix and necrosis, and
therefore, an excisional biopsy was then performed. On gross
examination, the specimen was 50 mm x 40 mm x 30 mm and
contained a medium-to-firm texture nodular lesion measuring
20 mm in maximum dimension and surrounded by fibro-
fatty tissue.

Microscopically, the lesion was composed of abundant
pleomorphic, spindle, and oval cells with infiltrative growth

FIGURE 1

Radiology. (A) Left craniocaudal (LCC) view and (B) left mediolateral oblique (LMLO) view of mammography. (C) Representative ultrasound
imaging of a breast lesion. (D) Representative MRI imaging of a breast lesion.
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patterns. The tumor cells revealed eosinophilic cytoplasm,
prominent nucleoli, and a high mitotic index. Osteoid matrix
and necrosis were frequently seen at the periphery of the tumor
(Figures 2A-C). No evidence of infiltrating ductal carcinoma or
ductal carcinoma in situ was observed. The following
immunohistochemistry (IHC) results were obtained:
Cytokeratin AE1/AE3 (AE1/AE3) (-), cluster of differentiation
56 (CD56) (focal+), special AT-rich sequence-binding protein
(SATB) (+), murine double minute2 (MDM2) (+), smooth
muscle actin (SMA) (partial+), Ki-67 (80%), cytokeratin 7
(CK7) (-), estrogen receptor (ER) (-), progesterone receptor
(PR) (), human epidermal growth factor receptor 2 (Her2) (0),
cluster of differentiation 34 (CD34) (-), and S-100 (-)
(Figures 2D, E). The negativity of AE1/AE3, an epithelial
marker, reconfirmed the lack of an epithelial component. On
the other hand, SATB was proven to be involved in the process
of osteoblastic differentiation, which also authenticated our
pathological prognosis as PBOS (2).

Genomic panel

To validate the pathological diagnosis of PBOS and explore
the molecular connections between the PBOS and the previous
invasive ductal carcinoma (IDC), a commercially targeted NGS
was performed on both primary and secondary tumor slices for
somatic mutations and peripheral blood samples for germline
gene variants. A total of 421 gene variants related to target
therapy, immune therapy, chemotherapy response, and genetic
predisposition among breast cancer patients were included in
the genomic panel. No germline variations were found for this

FIGURE 2

areas.

Histology: (A) x25 magnification, (B) X50 magnification, and (C) x100 magnification of H&E staining for representative osteoid matrix and
necrosis. (D) Immunohistochemistry (IHC) staining of SATB in representative tumor areas. (E) IHC staining of AE1/3 in representative tumor

10.3389/fonc.2022.1013653

patient. Several copy number variant (CNV) events were
identified in the PBOS sample, including CN gains of FGFRI
and CN loss of CDKN2A and TSC2. Regarding somatic
mutations, PIK3CA p.H1047R, PTEN p.V275G, TP53
p.-T81Nfs*64, and TSC2 p.C728Lfs*34 were detected, with the
highest variant allele frequency (VAF) of 59.22% happening in
the PIK3CA mutation. Interestingly, somatic PIK3CA p.H1047R,
PTEN p.V275G, and TP53 p.T81Nfs*64 were repeatedly
detected in both PBOS and IDC tumor samples. On the other
hand, somatic EGFR p.E709K was uniquely found in the
IDC sample.

A written and signed informed consent was obtained from
the patients and presented as supplementary material.

Medical management

A CT of the chest, abdomen, and pelvis did not identify any
metastases. An 18F-FDG PET/CT scanning was undertaken, and
no evidence of a distant lesion or primary osteosarcoma arising
from bone was detected, indicating that the breast lesion was
primary osteosarcoma.

As per our institute routine, the patient was discussed in a
multidisciplinary team (MDT), and a skin-sparing mastectomy
followed by immediate breast reconstruction with a deep inferior
epigastric perforator (DIEP) flap was achieved for her.
According to the MDT’s opinion, axillary lymph node
sampling was not performed. No residual lesion was identified
histologically. No adjuvant treatment was recommended. The
patient is under regular follow-up right now. The latest follow-
up was done on 25 November 2022, and the patient is still alive.
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Discussion
Epidemiology

Primary breast sarcomas comprise only 0.0006%-1% of all
breast malignancies, and PBOS is far less common, accounting
for approximately 4%-12.5% of primary breast sarcomas (1, 3).
To our knowledge, only approximately 150 cases have been
published in the literature (4). Additionally, a study from
Nottingham University showed that the vast majority of
reported PBOS were actually some variants of metaplastic
breast carcinoma due to the lack of a comprehensive
histological and THC evaluation (5).

Clinical presentation

There is a wide range of onset ages of PBOS in the literature,
ranging from range from 16 to 96 years old (6, 7). Meanwhile, in
contrast to skeletal osteosarcomas, which tend to present at a
younger age, three relatively large series published in the 1990s
from MD Anderson, Mayo Clinic, and Armed Forces Institute of
Pathology in Washington, DC, reported the same major age
span of 40-60 years (1, 3, 8).

PBOS typically presents as a hard, painless, palpable mass
with no attendant evidence of nipple discharge or retraction, nor
axillary lymphadenopathy (1, 9). Similar to malignant phyllodes
tumors, PBOS exhibits rapid growth, which may account for the
large average size (4.6 cm) at presentation (10).

Predisposing factors

A prior history of burns, trauma, or even a foreign body has
been reported in some cases of PBOS (1, 6). In addition, some
cases presented with a history of epithelial breast cancer on the
same side or contralateral side (11, 12). Of note, some patients
have been reported to have developed PBOS after undergoing
radiotherapy (13, 14). It has been reported in previous literatures
that the interval of developing radiotherapy-induced sarcoma
(RIS) was more than 10 years (15, 16). In this case, the patient
developed PBOS after having surgery and radiotherapy for breast
cancer, with a relatively shorter latency period of only 2 years. On
the other hand, chemotherapy may also contribute to the newly
developed sarcoma. In a retrospective cohort study from the SEER
database, it was found that alkylating agents were associated with a
higher risk of developing sarcomas with a RR of 7.7 (17).
Additionally, another cohort study found that chemotherapy
shortened the median interval of RIS development from 14 to 8
years compared with chemotherapy-free patients. Strikingly,
alkylating agents and anthracyclines, which generate DNA
double-strand breaks, have been reported to significantly shorten
the latency of radiotherapy-induced sarcomas (18). The history of
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ipsilateral breast cancer, the trauma of previous surgery, radiation
exposure, and chemotherapy agents may all be the risk factors for
developing PBOS. However, there was no conclusive evidence of
the driving carcinogenesis factors. Hence, the tumor could be
described as “postradiation” rather than “radiation-associated.”

Imaging and pathological
diagnostic workup

The workup of the diagnosis for PBOS included imaging
evaluation and pathological diagnosis. For a breast lump,
mammography and ultrasound were most commonly used.
However, the mammographic and ultrasonic findings of PBOS
would present similarly to benign lesions such as fibroadenoma,
which may lead to misdiagnosis (19). Furthermore, before
labeling them as a PBOS, other neighbors’ origins such as
underlying ribs, sternum, and even the pectoralis muscle, as
well as metastatic osteosarcoma from the bone, must be ruled
out. Hence, in the case of evidence for PBOS on a core needle
biopsy, in addition to the routine workup for breast cancer, some
other evaluations, such as CT, MR, skeletal scintigraphy, or
PET/CT, may be included. Dynamic contrast-enhanced MRI
could be used for additional evaluation and information (20). CT
and PET/CT can be useful to identify distant metastases while
also playing important roles in ruling out primary skeletal
osteosarcomas together with skeletal scintigraphy (9, 21).

Concerning pathological diagnosis, the utility of core needle
biopsy in the preoperative workup of patients with PBOS has been
described in some literatures (22-24). However, as a case reported
in 2019 described, a core needle biopsy from a calcified breast
lesion was initially misdiagnosed as benign metaplastic
ossification, and only after lumpectomy was the breast
osteosarcoma identified, demonstrating the importance of
excision sampling (25). Numerous tumors of the breast-
producing cartilage, osteoid, and bone, such as metaplastic
carcinoma and malignant phyllodes tumors with
osteosarcomatous differentiation, should be taken into
consideration in differential diagnoses (5, 6, 24). In this case,
given the history of ipsilateral breast cancer, it was essential to
identify whether it was an ipsilateral carcinoma recurrence. The
absence of epithelial cells on extensive immunohistochemistry
could rule out the diagnosis of metaplastic carcinoma and,
logically, the local recurrence of previous breast cancer.
Therefore, given the complexity of PBOS, confirmation of a
consistent morphologic pattern required sampling of the whole
lesion and extensive sectioning.

Treatment

Due to the rarity of breast osteosarcomas, there is no general
and comprehensive consensus on the management of PBOS. As
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the literatures reported, PBOS tends to be similar to sarcomas
arising at other locations, presenting local aggression with blood
spread rather than lymphatic spread (1, 23). Achieving a
negative margin either with wide local excision or a simple
mastectomy without axillary assessment is likely to be the most
judicious option for the majority of patients (4, 10, 26, 27). Of
note, the pathological diagnosis before definite surgery was quite
important to guide axillary management.

Aside from surgical principles, the benefits of chemotherapy
and radiation for PBOS have also been discussed in many
literatures (8, 19, 28-30). Based on limited published works,
the role of chemotherapy is uncertain with differing regimens
and outcomes, and radiotherapy does not appear to improve
outcomes. However, due to the unfavorable prognosis reported,
chemotherapy and chest wall irradiation have been suggested by
some authors to reduce the risk of recurrence, particularly for
patients with a tumor size of more than 5 cm (28, 29, 31).

In our opinion, an appropriate approach, including surgery
and administration of chemotherapy or radiotherapy, must be
balanced against the consequences of these treatments on a case-
by-case basis. In this case, taking the relatively young age (42
years old), small tumor size (2 cm), history of breast cancer with
chemo/radiotherapy, and patient’s opinion into consideration,
the multidisciplinary team finally suggested the radical surgery
as mastectomy followed by immediate breast reconstruction,
without axillary assessment or adjuvant therapy.

Genomic information and
histogenesis exploration

Despite a comprehensive understanding of the genomic
landscapes of both breast cancer and osteosarcoma (32), little
is known about the genomic features and histological origins of
PBOS due to its extremely rare morbidity. According to previous
literatures, extraskeletal osteosarcoma (ESOSA) generally shared
similarities in pathological and molecular characteristics with
conventional adolescent osteosarcoma (33). In our case, a
frameshift mutation of TP53 (p.T81Nfs*64) indicated a total
loss of function; a missense mutation of another tumor
suppressor, PTEN, was also detected. Both of these mutations
were typical genomic alteration events in conventional
osteosarcoma, accounting for 80% and 44% of the cases,
respectively (34). Moreover, CNV events including FGFRI
gain and CDKN2A loss were commonly identified in
osteosarcoma, as previously reported, proving the pathological
diagnosis of PBOS from a molecular aspect. Nevertheless,
despite considerable alterations in phosphatidylinositol 3-
kinase/mammalian target of the rapamycin (PI3K/mTOR)
pathway (35), variants including PIK3CA mutation, TSC2
mutation, and TSC2 loss were extremely rare in conventional
osteosarcoma (34). For example, the PIK3CA mutation was
found in approximately 3% of sarcomas according to TCGA

Frontiers in Oncology

22

10.3389/fonc.2022.1013653

database (36) and was barely been reported until its first
discovery in 2012 (35, 37). Interestingly, it has been reported
that ESOSA may display unique genomic alterations compared
with conventional osteosarcomas, especially with more
mutations in PIK3CA and PI3K/mTOR pathways (33).
Moreover, a patient-derived cell line of PBOS was recently
established and validated by NGS genomic testing. A somatic
mutation of PIK3CA p.H1047R was also detected, indicating that
ESOSA, especially PBOS, may harbor actionable genomic
alterations in PIK3CA and PI3K/mTOR pathways (38).

To investigate the potential histogenesis and evolution of our
case, the genomic profiles were also compared between the
PBOS and initial IDC samples. Notably, despite distinctive
histopathological features, somatic PIK3CA p.H1047R, PTEN
p.V275G, and TP53 p.T81Nfs*64 were repeatedly detected in
both PBOS and IDC tumor samples. The high genomic
similarity made us wonder whether these two chronological
malignancies had the same origins in tumorigenesis. Shared
mutations may indicate a predominant clone, which could be
identified as a common ancestor, or cancer stem cells (CSCs),
during early tumor formation. Multipotent CSCs could then
differentiate into multiple cell lineages and passively accumulate
branch mutations under external pressures such as radiation and
trauma (39). Several studies have delivered evidence or opinions
supportive of our hypothesis (5, 40, 41). It has been reported
through an animal experiment that canine mammary
osteosarcomas could originate from a pluripotent mammary
stem cell (40). Literature reviews and case reports also offered
evidence that PBOS may be epithelial in origin and underwent
an ossifying evolution process (5, 41). Still, current evidence is
not valid enough to elucidate the histogenesis of PBOS.

On the other hand, could the newly diagnosed PBOS be a
metaplastic recurrence of primary Triple-negative breast cancer
(TNBC)? To explore this question, the genomic documents of
PBOS were compared to those of metastatic TNBC in previous
literatures. Although breast cancer could develop new genomic
alterations during metastatic progression, several studies have
found that recurrent TNBC shared similar genomic profiles
compared with matched primary TNBC (42, 43). TP53
mutation was mostly detected (~80%) in both primary and
metastatic TNBC, while PTEN mutation occurred in 8% of
advanced TNBC, which were both detected in our case. Thus,
it is really hard to differentiate PBOS from a TNBC recurrence.
Nevertheless, when we look at the intrinsic subtype of TNBC
defined by Lehmann et al,, it is shown that PIK3CA, PTEN, and
PI3K/mTOR pathways are mostly altered in the mesenchymal-
like subtype. TNBC with mesenchymal-like features had
genomic similarity with metaplastic breast cancers, which
harbored lineage plasticity, including cartilaginous
differentiation (44). Taken together, the genomic profile of
paired tumors may indicate that the PBOS originated from the
primary IDC and progressed from metaplastic components;
however, more solid evidence is required.
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Finally, genomic alterations may provide additional clues for
treatment options. Although several databases (45) and scales
(46) based on molecular targets have recently been released to
guide target therapies for malignancies, evidence for rare tumors
is lacking due to the rarity of morbidity. Still, case reports have
shown that for rare tumors with actionable molecular
alterations, targeted treatment would deliver clinical benefits
(47, 48). Back to this case, both PTEN p.V275G and TP53
p-T81Nfs*64 were classified as having uncertain clinical
relevance according to previous literatures, and there are
currently no approved drugs targeting PTEN or TP53
mutations, with only preclinical attempts. TSC2 mutation,
which could contribute to the activation of the PI3K pathway,
may be targeted by mTOR inhibitor everolimus in noncancerous
diseases such as tuberous sclerosis (49, 50). On the other hand,
somatic PIK3CA p.H1047R has become a targetable alteration
for advanced breast cancer patients since the successful clinical
trial of SOLAR-1 and the final approval of alpelisib (51). Thus,
the PIK3CA mutation detected in our patient may indicate
potential sensitivity to alpelisib. Nevertheless, it has also been
reported that fulvestrant failed to deliver antiproliferative effects
on a patient-derived PBOS cell line harboring a PIK3CA
mutation (38). Furthermore, a patient-derive xenograft (PDX)
model of PBOS has lately been reported, which offered an in vivo
platform for the investigation of genome-informed treatment
strategies (52). Hence, to further confirm the efficacy of anti-
PIK3CA antigens for PBOS, preclinical models may provide
more information.

Conclusion

Primary breast osteosarcoma is a rare malignant tumor with
divergence regarding its histogenesis, diagnosis, and
management. In addition, as our case presented, a history of
ipsilateral breast carcinoma could make the dilemma even
worse. A thorough imaging review and meticulous
pathological evaluation would be helpful to find the best plan
of treatment. Moreover, complementary genomic approaches
would also help us better understand its intrinsic features, even
giving the opportunity for genome-informed targeted therapy
for PBOS. Given the limited available data to guide management,
further clinical and translational research is needed to optimize
the treatment of this aggressive disease. Meanwhile, reporting
each case and publishing them would be beneficial in gathering
more information and offering collective efforts for finally
managing this rare malignancy.
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Metastasis to the breast from extra-mammary malignancies are rare,
accounting for less than 1% of all breast cancers. Endometrial cancer, a
common gynecological malignancy, often spreads to the pelvis, abdominal
lymph nodes, peritoneum or the lungs. Endometrial metastasis to the breast is
extremely rare, and while there have been isolated case reports of endometrial
serous carcinoma with breast metastasis, it has not been reported in the case of
clear cell carcinoma. We present a rare case of a 70 year old Chinese lady who
had a metastatic endometrial clear cell carcinoma with metastasis to the breast,
mimicking an inflammatory breast cancer clinically. We reviewed the current
literature and describe the challenges in differentiating primary from metastatic
breast lesions, as well as clinical, radiological and histopathological features
that may help to differentiate the two. Tumour metastasis to the breast via
lymphatic or hematogenous route can affect their radiological features: the
former mimicking inflammatory breast cancer and the latter with features
similar to benign breast lesions. Regardless, histological features with
immunohistochemical staining is still the gold standard in diagnosing
metastatic breast lesions and determining their tissue of origin. Breast
metastases from extra-mammary malignancies are uncommon and it is even
rarer for endometrial clear cell carcinoma to spread to the breast. Nonetheless,
this case highlights the importance of keeping an open mind and engaging a
multidisciplinary team for the care of complex patients.

KEYWORDS

breast cancer, endometrial cancer, endometrial clear cell carcinoma, metastasis,
secondary breast cancer
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Introduction

Metastasis to the breast from extra-mammary malignancies
are rare, accounting for less than 1% of all breast cancers (1). The
more common cancers that spread to the breast include
melanomas and hematological malignancies such as leukemias
and lymphomas (2). Others such as lung, ovarian, and gastric
cancers have been reported (3-5) but are rare.

We present to you a rare case of metastatic spread of clear
cell endometrial carcinoma to the breast. Endometrial cancer,
most commonly affecting postmenopausal women in their sixth
or seventh decade, may spread via direct local invasion or
lymphatic or hematological route. Typical sites of metastasis
include local pelvic recurrence, abdominal lymph nodes,
peritoneum, or the lungs (6). Endometrial metastasis to the
breast is extremely rare. It has been reported in the case of serous
histology; however, to the best of our knowledge, endometrial
clear cell carcinoma with breast metastasis has not been
reported before.

Case report

A 70-year-old Chinese woman presented with
postmenopausal bleeding and a left breast lump for a month.

FIGURE 1

10.3389/fonc.2022.1070744

Examination revealed a 6-cm left retro-areolar mass with nipple
retraction and skin erythema that resembles inflammatory
breast cancer. An ultrasound pelvis showed a 7.0 x 4.9 x 5.4-
cm ill-defined hypoechoic mass in the anterior wall of the uterus,
and the endometrium was thickened at 8.7 mm.

Mammogram (Figure 1) found a vague asymmetric density
in the left upper outer quadrant, corresponding to the palpable
lump. The overlying skin was thickened with slight retraction of
the left nipple. No spiculated mass, suspicious clustered
microcalcifications, or architectural distortion was identified.
An 8 x 8 mm partially circumscribed nodule was seen in the
right axillary tail, corresponding to the intramammary lymph
node seen on subsequent ultrasound. Abnormal lymph nodes
were seen in both axillae, denser on the right.

Breast ultrasound revealed multiple vague and ill-defined
heterogeneously hypoechoic lesions extending from the 11 to 3
o’clock positions of the left breast (Figures 2A-D). These
hypoechoic lesions had irregular margins and were tubular in
shape, suggesting an intraductal origin. The whole extent of
these lesions measured approximately 61 x 15 x 53 mm
(transverse and longitudinal planes) and 42 x 9 x 53 mm
(radial and anti-radial planes). The breast stroma surrounding
these lesions (and extending to the retroareolar region) appeared
echogenic and stiff on elastography, suggesting desmoplasia.
This probably accounted for the asymmetric density seen on

T RMLO!
L9 =

(A, C): Mammogram of the right breast showing an 8 x 8mm partly circumscribed nodule in the right axillary tail, corresponding to the
intramammary lymph mode on ultrasound. Abnormal lymph nodes are also seen in bilateral axillae, denser on the right. (B, D): Mammogram of
the left breast showing a vague asymmetric density in the upper outer quadrant, corresponding to the palpable lump. The overlying skin is

thickened with slight retraction of the nipple.
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4+ D=23.1 mm
D=9.3 mm

FIGURE 2
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4+ D=16.0 mm
D=9.4 mm

(A-D) Ultrasound images of the left breast showing multiple ill-defined heterogeneously hypoechoic lesions extending from the 11 o'clock to 3
o'clock position. (E, F) Ultrasound images of bilateral axilla showing abnormal axillary lymphadenopathy

mammogram. Parenchymal edema and skin thickening were
seen in the left breast. In addition, abnormal intramammary
lymph nodes were present in the right breast upper outer
quadrant, and there were also multiple abnormal lymph nodes
in both axillae, compatible with metastasis (Figures 2E, F).

The patient underwent concurrent biopsies for both
endometrial and breast lesions. She underwent a hysteroscopy,
dilatation, and curettage, where the endometrium was found
to be irregular and polypoidal with a large tumor that extended
to the endocervix. As such, cervical biopsies were also performed
to look for cervical involvement or synchronous cervical cancer.
Histology from the endometrial curettage revealed high-grade
carcinoma with clear cell features, and cervical biopsy revealed
endometrial carcinoma.
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As for the breast, she underwent ultrasound-guided core
needle biopsies of the most prominent ill-defined lesion at the
left breast 2 o’clock position and the largest abnormal right
axillary lymph node. Interestingly, both the breast and
endometrial lesions had significant morphologic resemblance
on histology (Figure 3). Immunohistochemical staining of the
left breast tumor and right axillary lymph node (Figures 4, 5)
showed negative results for breast markers GATA-3 and
mammaglobin but showed diffusely positive results for PAXS,
which is frequently expressed in endometrial carcinoma. We
therefore concluded that the left breast lesion and right axillary
lymph node were metastasis from the endometrial carcinoma,
rather than a breast primary. A positive expression of napsin A
supported the diagnosis of a clear cell subtype (7), although it
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FIGURE 3

the endometrial tumor in Figure 3.

H&E-stained sections at 100x magnification of (A) the endometrial curettage specimen, showing high-grade endometrial carcinoma with clear
cell features. Fragments of tumor tissue are seen with tubulo-papillary and glandular architecture with a hobnailed appearance. The cells
contain nuclear atypia, pleomorphism, and prominent nucleoli with areas of clear cytoplasm. (B) The breast tumor shows similar morphology to

was slightly anomalous in this case that the tumor stained
positive for estrogen receptor (ER), which is usually negative
or focal in clear cell carcinoma (8). HER2 expression showed a
negative result.

A computed tomography scan of the thorax, abdomen, and
pelvis showed ascites with omental nodularity concerning for
peritoneal metastasis, as well as extensive lymphadenopathy
involving the retroperitoneal, pelvic, periportal, bilateral
axillary, and mediastinal lymph nodes. Overall findings were
suggestive of metastatic endometrial clear cell carcinoma, and
the patient was started on palliative chemotherapy with

Frontiers in Oncology

paclitaxel and carboplatin. She was also initiated on letrozole
given that her tumor was estrogen receptor (ER)-positive.

Discussion

Metastatic disease to the breast is rare compared with
primary breast cancers. A new lesion in the breast or axilla is
far more likely to represent a new primary breast tumor, even in
a patient with a history of extramammary malignancy (9).
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FIGURE 4

Immunohistochemical stains show similarities in the endometrial and breast tumor. (A) The endometrial tumor stains negative for GATA-3 (a
breast marker). (B) Similarly, the breast tumor also stains negative for GATA-3, although the adjacent breast ducts are positive. (C, E) show that

the endometrial tumor stains positive for PAX8 (marker for Millerian tumors) and napsin A (marker for clear cell carcinoma). In (D, F) the breast
tumor similarly stains positive for PAX8 and napsin A, whereas the adjacent breast tissues are negative.
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FIGURE 5

Immunohistochemical stains show that both the (A) endometrial and (B) breast tumors stain positive for estrogen receptor (ER). (C) The breast
tumor is negative for HER2 expression, and (D) the endometrial tumor does not express mammaglobin, a breast marker

Nonetheless, distinguishing the two is key as treatment and
prognosis differ greatly.

Clinically, breast metastasis and primary breast tumors
present similarly with a palpable, non-tender lump. However,
unlike primary breast cancer, up to a third of patients with
extramammary breast metastasis have multiple lesions as
opposed to a single solitary tumour (7). Skin changes such as
peau d’orange, nipple retraction, and nipple discharge are also
uncommon. Notably, metastatic breast masses tend to grow
rapidly and close to the skin, possibly due to lymphatic
involvement, which may induce skin edema or erythema that
may be mistaken for inflammatory breast cancer (10, 11), as was
the case for our patient.

Imaging may help to differentiate primary from secondary
breast tumors. Features common to primary breast cancer such
as spiculations, calcifications, parenchymal distortion, posterior
acoustic shadowing, desmoplastic reaction, secondary skin, and
nipple changes are typically not seen in breast metastasis (12).
Conversely, metastatic lesions tend to be well-circumscribed
with clearly defined borders and lack surrounding
inflammatory changes, occasionally mimicking benign breast
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lesions (13, 14). Interestingly, radiological characteristics differ
depending on whether the tumor spreads to the breast via the
lymphatic or hematogenous route. Hematogenous metastasis
tends to feature as single or multiple oval, well-circumscribed,
and hypoechoic masses affecting the upper outer quadrant, the
most richly vascularized area within the breast (13). Axillary
lymph node involvement is also less common (14). In contrast,
lymphatic spread is often associated with axillary and internal
mammary lymphadenopathy. The sonographic appearance of
lymphatic metastasis may also mimic inflammatory primary
breast cancer by demonstrating heterogenous echogenicity,
coarse trabecular pattern, skin thickening, and lymphoedema,
due to obstruction of the draining lymphatics (12).
Histopathological examination and immunohistochemistry
are key to the diagnosis of breast metastases. The presence of
carcinoma in situ along with invasive ductal components
almost always confirms the diagnosis of primary breast
cancer (13). A positive expression of mammaglobin, GATA
binding protein 3 (GATA-3), and gross cystic disease fluid
protein 15 (GCDFP-15) supports primary breast cancer (15).
Triple-negative breast cancers, however, may not express
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GCDFP-15, GATA 3, or mammaglobin, and in such cases,
SOX-10 may be helpful (16). On the other hand, PAXS8
expression is a sensitive marker for endometrial carcinoma
(17) and napsin A supports the clear cell subtype (18).
Nonetheless, it must be recognized that some overlap exists
between the immunohistochemical markers seen in breast and
endometrial cancers. For example, estrogen receptor (ER),
progesterone receptor (PR), and HER2 receptor may be
positive or negative in both breast and endometrial cancers
(19) and are less useful in distinguishing the two.

In this case, the clinical context, histopathological
morphology, and napsin A expression favored the diagnosis of
a clear cell subtype of high-grade endometrial carcinoma in the
breast. Nonetheless, we acknowledge the diagnostic overlap
between serous and clear cell subtypes of high-grade
endometrial cancers, compounded by the lack of a definite
biomarker to differentiate them. Therefore, it is important to
be mindful of the range of high-grade endometrial cancers that
may appear in the breast and to consider all differentials. As
breast metastases from extramammary malignancies can be
challenging to diagnose and manage, a multidisciplinary team
involving a breast surgeon, radiologist, pathologist, and medical
oncologist is often helpful.

To the best of our knowledge, there have been seven cases of
endometrial serous carcinoma with breast metastasis reported in
the current literature (9, 12, 20, 21); however, this is the first case
report of clear cell endometrial carcinoma with breast metastasis.
This is likely because clear cell carcinoma is a rare subtype
accounting for less than 5% of endometrial carcinomas. Yet, they
are associated with an aggressive clinical behavior and unfavorable
prognosis (22). They have an increased propensity for
lymphovascular invasion and approximately 45% of patients
having extrauterine metastasis at time of diagnosis (23).
Microscopically, they are characterized by clear hobnail cells and
majority are positive for napsin A, as was the case for our patient.

Conclusion

Breast metastases from extramammary malignancies are
rare. Endometrial clear cell carcinoma metastasizing to the
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Case report: Response to
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metastases with altered
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Triple-negative breast cancer refers to breast cancer patients with negative
estrogen receptor (ER), progesterone receptor (PR) and human epidermal
growth factor receptor (HER2). Metastatic triple-negative breast cancer is
predominantly treated with chemotherapy, but later-line treatment remains
challenging. Breast cancer is highly heterogeneous, and the expression of
hormone receptors is often inconsistent between primary and metastatic
lesions. Here, we report a case of triple-negative breast cancer 17 years after
surgery with lung metastases for 5 years that progressed to pleural metastases after
multiple lines of chemotherapy. The pleural pathology suggested ER (+) and PR (+)
and transformation to luminal A breast cancer. This patient received fifth-line
letrozole endocrine therapy and achieved partial response (PR). The patient’s
cough and chest tightness improved after treatment, associated tumor markers
decreased, and progression-free survival (PFS) exceeded 10 months. Our results
may be of clinical relevance for patients with hormone receptor alterations in
advanced triple-negative breast cancer and suggest that individualized regimens
should be developed for breast cancer based on the molecular expression of
tumor tissue at the primary and metastatic sites.

KEYWORDS

triple-negative breast cancer, metastases, altered hormone receptors, later-line
treatment, endocrine therapy
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Highlights

* Triple-negative breast cancer may exhibit postoperative
metastatic hormone receptor alteration

* Individualized treatment based on re-evaluated primary
tumor and metastatic hormone receptors may have survival
benefit for patients with triple-negative breast cancer

Introduction

Breast cancer is the most common malignancy in women in terms
of incidence and has the second highest mortality (1). The treatment
strategy is based on molecular typing, with the expression of estrogen
receptor (ER), progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2) being the most important. These
receptors define four different subtypes of breast cancer: luminal A
(ER/PR positive, Her2 negative), luminal B (ER and/or PR positive,
HER? positive), HER2 overexpressing (HER2 positive only) and triple
negative (2), each with a different treatment strategy and prognosis.
Triple-negative breast cancer accounts for 15%-20% of all breast
cancers (3) and is characterized by a higher risk of recurrence and
poorer prognosis (4). Later-line treatment options are limited and
poorly tolerated. In the treatment of advanced breast cancer,
biological marker inconsistencies between the primary and
metastatic breast cancer sites are often identified, which may
impact the treatment strategy and prognosis of metastatic breast
cancer, leading to altered treatment outcomes and results. Loss of
hormone receptors may lead to a poorer prognosis. Patients with
positive ER and PR transitions may benefit from endocrine therapy,
and HER2-positive patients may choose to receive targeted therapy.

Here, we present a patient with triple-negative breast cancer who
exhibited postoperative metastatic hormone receptor changes. The
patient benefited from endocrine therapy, suggesting that a re-biopsy
should be performed for recurrent metastatic lesions to reassess the
molecular status (5).

Case presentation

A 67-year-old Chinese woman was admitted to Longhua Hospital
of Shanghai University of Traditional Chinese Medicine on
September 27, 2021, complaining of cough and chest tightness for 1
week. The patient had a history of postoperative right breast cancer of
17 years with metastasis in both lungs for more than 5 years. She
underwent right breast lump resection and modified radical right
mastectomy on June 4, 2004. The resected lump was 3*3*2.8 cm® in
size, and pathology showed grade III invasive ductal carcinoma (right
breast). Fifteen ipsilateral axillary lymph nodes were identified during
the operation and showed no sign of malignancy on pathological
examination. Immunohistochemistry revealed ER (-), PR (-), SMA(-),
EMA(+), S-100(-),P53(-),C-erbB-2(-),bcl-2(-),nm23(+),Ki-67(-),
AE1/AE3(+),Vimentin(+), GFAP (-). At that point, the stage was p-
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T2NOMO IIA. The patient was treated with a CMF regimen
(CTX600mg+MTX30mg+5-Fu500mg ivgtt q3w). Adjuvant
chemotherapy was given 6 times after surgery, followed by a regular
follow-up review. The patient underwent PET-CT (Positron Emission
Computed Tomography) on December 6, 2016, showing mild FDG
metabolism in small nodules in the posterior segment of the upper
right lung lobe, possibly indicating malignancy (1.1 cm, SUVmax1.9).
Multiple small nodules were also identified in the basal segment of the
lower right lobe and in the subpleural area of the lower left lobe and
upper left lobe (7mm, SUVmax2.2). In addition, multiple enlarged
lymph nodes with increased FDG metabolism were observed in the
mediastinum and right hilar region (1.6*1.3 cm, SUVmax19.5)
(Figure 1A). The patient refused to undergo diagnostic puncture
and was re-staged r-TONOM1 stage IV (lung, mediastinum, hilar
lymph nodes) according to imaging. She received first-line DO
chemotherapy (docetaxel 60mg d1d8+oxaliplatin 100mg d1d8 ivgtt
q3w), achieving stable disease (SD). The first-line treatment resulted
in 16 months of progression-free survival (PFS) (Figures 1B, C). The
patient’s second-line treatment was based on the first-line treatment
plus bevacizumab (docetaxel 60mg d1d8 + oxaliplatin 100mg d1d8 +
bevacizumab 300mg d1 ivgtt q3w), which also achieved SD and led to
9 months of PFS (Figures 1D, E). The third-line therapy was
capecitabine (capecitabine 1.5g BID PO dl1-d14 q3w), which also
achieved SD. In April 2021, computed tomography (CT) scans
revealed increased exudate in the lower lobe of the right lung, and
new right pleural effusion, indicating progressive disease (PD).
Following the third-line treatment, the patient demonstrated a PFS
of 28 months (Figures 1F, G). She was then treated with fourth-line
vincristine soft gels (vincristine 100mg qw PO q3w). On the night of
the same day, she developed increased hoarseness, fever, nausea, and
diarrhea 7-8 times. Therefore, vincristine was stopped, and her
condition improved with symptomatic treatment.

In September 2021, the patient attended the hospital due to
aggravation of coughing and chest tightness for 1 week and
underwent right-sided thoracentesis and drainage. Physical
examination revealed low breathing sound in right lung. The
patient received symptomatic support treatment including cough
relieving and considerate nursing. 510 ml of bloody pleural fluid
was drained, and the pathology of pleural fluid (pleural cell mass)
suggested metastatic adenocarcinoma. Combined with the
immunostaining results, cell morphology and clinical history, the
findings were consistent with breast cancer metastasis.
Immunohistochemistry showed ER(+,90% strong positive), PR
(+,80% strong positive), HER-2.(1+), Ki-67(10%+), CK20(-),
GATA3(+), SOX10(-), CK7(+), TTF-1(-), EMA(+), calretinin
(mesothelial+), WT-1(mesothelial+) (Figures 2A-F). PET-CT
revealed a soft tissue mass in the right hilar lung (26.7%38.4mm,
SUVmax 20.05), focal high-density nodules in the right anterior chest
wall (14*8mm, SUVmax 3.67), multiple nodules in both lungs,
multiple lymph nodes in the bilateral clavicular region, bilateral hila
and mediastinum (12mm, SUVmax17.06), and multiple lesions in the
right pleura with abnormally high FDG metabolism (SUVmax 13.52)
which were considered to be caused by multiple tumor metastases
(Figures 1HI, H2). The patient was started on fifth-line letrozole
endocrine therapy since October 2021. In February 2022, CT scans
revealed decreasing right upper lung hilar soft tissue shadow, right
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FIGURE 1

Timeline of the patient: (B-G, H1, 1) were taken with Chest CT scanner and (A, H2) were taken with PET-CT scanner; yellow circle: right pulmonary

nodule; red circle: right pulmonary nodule; blue arrow: pleural effusion.

pleural fluid and mediastinal right hilar lymph nodes (Figure 1I).
Treatment efficacy was categorized as partial response (PR). The
patient’s cough and chest tightness were significantly relieved.
Physical examination showed clear breath sounds in both lungs.
The related tumor markers CA153 and CA125 showed a decreasing
trend (Figure 3). Currently, the PFS reached 10 months, and the
patient is still under follow-up.

FIGURE 2

Discussion

Triple-negative breast cancer is characterized by a lack of
estrogen, progesterone and HER2 receptor expression, resulting in
ineffective endocrine and HER2-targeted therapies. Chemotherapy
remains the most common basic treatment for triple-negative breast

Pathological features of the cell blocks of the pleural fluid. (A) The H and E stain showed that the tumor is composed of small round cells (magnification
100x). The immunohistochemical stain showed (B) CK7 (+) and (C) GATA3 (+) supporting breast cancer metastasis (magnification 100x). The
immunohistochemical stain showed (D) ER (+), (E) PR (+), (F) HER-2(1+) representing Luminal A subtype (magnification 100x).
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FIGURE 3
Serum tumor biomarker during treatment

cancer, including single agent and combination chemotherapy based
on paclitaxel, capecitabine, and vincristine, which can be combined
with bevacizumab anti-angiogenesis. However, drug resistance
inevitably occurs, with limited later-line treatment options and poor
survival prognosis. During the course of breast cancer, hormone
receptor expression in metastases may differ from the primary lesion.
Given this inconsistency, the ASCO expert group, Chinese Consensus
Guidelines for Advanced Breast Cancer, recommends re-biopsy of
metastases to determine treatment based on the ER and PR status of
the metastases. However, there are still many barriers to biopsy of
recurrent tumor metastases (6), such as the risk of major
complications, patient refusal, differences in puncture detection
techniques, and low representativeness of tissue specimens. In this
case, the patient experienced a 17-year tumor course with
postoperative bilateral lung metastases from triple-negative breast
cancer. Following multiple lines of chemotherapy resistance and
intolerance, the tumor metastasized to the pleura, with pleural fluid
pathology immunohistochemistry revealing CK7 (+) and GATA3 (+),
supporting breast cancer metastasis. However, the results ER (+) and
PR (+) supported a transformation to luminal A breast cancer, which
was treated according to hormone receptor alterations to benefit from
letrozole endocrine therapy.

The inherent heterogeneity of breast cancer and the changes that
occur during its evolution result in distinct biological features
between primary and metastatic foci. The hormone receptors ER
and PR are important prognostic factors and predictors of endocrine
therapy efficacy in breast cancer, suggesting the importance of
detecting the expression of hormone receptors. We analyzed 15
relevant studies from 2010 to 2020 and showed that the receptor
expression in recurrent metastatic breast cancer lesions varied to
different degrees compared to the primary lesions (Table 1) (7-21).
Relatively high inconsistency was observed for hormone receptors,
especially PR, and relatively low inconsistency for HER2; hormone
receptor loss was more common than hormone receptors turning
positive. Yeung reviewed (22) 47 studies of paired primary and
metastatic sites (3384 cases) and came to similar conclusions: the
rates of inconsistency were 14%, 21%, and 10% for ER, PR, and HER2,
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respectively, and the rates of decrease and increase in receptor
expression were 9.17% and 4.51%, respectively. The results also
demonstrated that the rates of receptor inconsistency differed
between metastatic sites, suggesting that inconsistency is a real
biological phenomenon. The inconsistency of hormone receptors
may affect the treatment and management of patients, highlighting
the possibility of potential therapeutic agents (17). Consistent with
previous literature, it is rare for this patient to change from triple
negative breast cancer to hormone receptor positive.

The variation in metastatic receptor expression may result from
several factors, including differences in sampling and detection, tumor
heterogeneity, and antitumor therapy. In terms of sampling and
detection, differences in sampling methods of tissue specimens,
representativeness of sampling, immunohistochemical staining, and
accuracy of detection methods are inevitable. Tumor heterogeneity
refers to changes in tumors during continuous proliferation and
differentiation and changes in molecular biological characteristics or
genetic level. Tumor heterogeneity can be divided into spatial
heterogeneity (different regions of the same tumor) and temporal
heterogeneity (discrepancy between primary tumors and secondary
tumors). The underlying mechanisms are mainly believed to involve
the clonal evolutionary theory and the stem cell theory, in which the
tumor microenvironment and the tumor treatment process play
major roles. The above theories explain the inconsistency between
the receptors of metastatic and primary foci of breast cancer. Curtit
(13) reported that previous chemotherapy, especially anthracycline-
based chemotherapy, was significantly associated with alterations in
ER receptors. Our patient presented with a long postoperative
metastatic course and had received CMF adjuvant chemotherapy,
docetaxel-based chemotherapy and capecitabine chemotherapy.
Therefore, the changes in metastatic receptors might be associated
with tumor heterogeneity and chemotherapy history.

Previous studies have reported the impact of inconsistent receptor
expression on subsequent treatment and prognosis. Considering that
the presence of ER, PR or HER2 expression in metastases suggests an
opportunity for patients to receive endocrine therapy or targeted
therapy, treatment resistance may occur when receptor status is lost.
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TABLE 1 Literature review of ER, PR and HER2 discordance between primary tumors and corresponding metastatic sites.

Reference Cases Metastatic Type of ER (Gain/Loss) = PR (Gain/Loss) = HER2 (Gain/Loss) = Change in Therapy
sites analysis (%) (%) (%) (%)

Thompson 2010 137 LR/DM Biomarkers 10.2 (2.2/8.0) 24.8 (8.8/16.0) 2.9 (2.2/0.7) 17.5

(7) reassessment

Amir 2011 (8) 231 LR/DM Reports review 12.6 (3.0/9.6) 31.2 (7.0/24.2) 5.5 (4.1/1.4) 14.2

Amir 2011 (9) 94 LR/DM Biomarkers 16.0 (4.3/11.7) 40.4 (4.2/36.2) 9.6 (7.2/2.4) 14
reassessment

Bogina 2011 140 LR/DM Biomarkers 6.4 (0.7/5.7) 21.4 (3.6/17.8) 0.7 (0.7/0) 7.3

(10) reassessment

Dieci 2012 (11) 119 LR/DM Biomarkers 13.4 (2.5/10.9) 39.0 (8.5/30.5) 11.8 (8.4/3.4) 10.9
reassessment

Hoefnagel 2012 233 DM Biomarkers 10.3 (-/-) 30.0 (-/-) -(-/-) -

(12) reassessment

Curtit 2013 (13) 235 LR/DM Biomarkers 17.0 (4.7/12.3) 29.3 (7.2/22.1) 4(1.0/3.0) -
reassessment

Duenas 2014 184 LR/DM Biomarkers 21.3 (12.5/8.8) 34.6 (12.8/21.8) 16.4 (10.0/6.4) 31

(14) reassessment

Shiino 2016 (15) 153 LR/DM Biomarkers 18.3 (3.9/14.4) 26.1 (6.5/19.6) 6.5 (3.9/2.6) -
reassessment

Erdem 2016 393 LR/DM Biomarkers 27.2 (12.2/15.0) 38.6 (10.2/28.4) 14.4 (10.1/4.3) -

(16) reassessment

McAnena 2018 132 LR/DM Biomarkers 20.4 (4.5/15.9) 37.7 (4.5/33.2) 3 (1.5/1.5) 6.8

(17) reassessment

Woo 2019 (18) 152 LR/DM Biomarkers 6 (0.7/5.3) 263 (2.0/24.3) 7.9 (2.0/5.9) -
reassessment

Nguyen 2019 67 LR/DM Biomarkers 26.9 (14.9/12.0) 38.8 (13.4/25.4) 22.4 (14.9/7.5) -

(19) reassessment

Jud 2020 (20) 142 LR Biomarkers 14.9 (-/-) 22.7 (-/-) 18.3 (-/-) -
reassessment

Blancas 2020 45 LR/DM Biomarkers 20 (8.9/11.1) 20 (4.4/15.6) 15.4 (5.1/10.3) -

(21) reassessment

LR, local recurrences; DM, distant metastases; ER, estrogen receptor; PR, progesterone receptor.

In 6.8-31% of patients, the treatment strategy is switched due to
changes in molecular markers (7-11, 14, 17). In terms of prognosis,
Bogina (10) showed that among patients with local recurrence and
primary ER, patients whose recurrence foci turned negative for PR
had a significantly shorter median distant metastasis-free survival
(MES) than those who remained PR positive (p= 0.005). Dieci (11)
showed that patients with hormone receptor ER/PR and HER2 loss
had shorter overall survival (OS) (P = 0.06 and P = 0.0002) and post-
recurrence survival (PRS) after relapse (P=0.01 and P=0.008) than
those without hormone receptor loss. McAnena (17) also came to
similar conclusions, reporting that luminal A breast cancer patients
who converted to triple-negative breast cancer had significantly worse
survival after recurrence than those with persistent luminal A breast
cancer (P < 0.05). Furthermore, the difference in overall survival was
close to statistical significance (P=0.064). Hoefnagel (12) showed that
patients who changed ER/PR receptor status to negative or to positive
had a similar prognosis to patients with persistent negative receptor
expression but shorter overall survival compared to patients with
persistently positive receptor expression. Positive primary hormone

Frontiers in Oncology

38

receptors ER and PR indicate a good prognosis, while negative status
indicates a poor prognosis. Loss of receptors in recurrent metastases
also appears to be associated with poor prognosis. There are fewer
data related to the prognostic impact of receptor acquisition.

In conclusion, this case report highlights a partial response to
endocrine therapy in a patient with triple-negative breast cancer
metastases with altered hormone receptors.

Our research suggests that re-evaluation of the diagnosis based on
primary tumor and metastatic hormone receptors is the key to
implementing individualized treatment of tumor heterogeneity,
especially for triple-negative breast cancer. This subject is worthy of
further clinical research and discussion.
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Case report: Vitiligo-like toxicity
due to ribociclib during first-line
treatment of metastatic breast
cancer: two cases of premature
interruption of therapy and
exceptional response
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Cancer treatment-related adverse events (AEs) are sometimes associated with
outcomes for cancer patients, especially with the newest therapies such as target
therapy and immunotherapy. A few years ago, the first-line therapy for hormone-
receptor-positive metastatic breast cancer (mBC) patients has been deeply
changed by the introduction of cyclin-dependent kinase (CDK) 4/6 inhibitors,
and now, we are improving our knowledge about their AEs and significance in
clinical practice. Here, we report our experience with two cases of vitiligo-like
lesions that occur early during treatment with ribociclib. We tried to change the
CDK4/6 inhibitor for one patient, but the skin reaction persisted. Both patients
retained only the endocrine therapy alone and had an unexpected durable
progression-free survival (PFS). Some data on skin toxicities, including vitiligo-
like lesions by CDK4/6 inhibitors, have recently been reported in the literature,
but for the first time, we highlight a possible correlation with improved survival
outcomes of patients. Uncovering the etiology of this toxicity, verifying the
involvement of the immune system, and demonstrating a possible positive
impact in survival represent an intriguing research objective for the near future.
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Introduction

Breast cancer (BC) is the first leading cause of death for cancer
in women. Approximately 20% of BCs spread outside the mammary
gland, becoming a metastatic disease, and 70%-80% of these have a
Hormone receptor-positive/HER2-negative (HR+/HER2-)
immunophenotype (1).

Cyclin-dependent kinases 4 and 6 (CDK4/6) regulate cell-cycle
progression, and their overexpression is frequent in luminal BCs;
consequently, the inhibition of the pathway consisting of cyclin D,
CDK4/6, and retinoblastoma protein is an effective therapeutic
strategy for these BC subtypes (2). Therefore, nowadays, the first-
line standard of care (SOC) despite age, comorbidities, and the
number or sites of metastatic disease is the association of the
endocrine therapy with CDK4/6 inhibitors such as ribociclib,
palbociclib, and abemaciclib. Thanks to this treatment, the
progression-free survival (PFS) of patients with metastatic breast
cancer (mBC) is approximately a little more than 2 years with a
consistent improvement also for overall survival (OS) (3-5).
However, we do not know any predictive biomarkers of response
to this treatment yet.

In the literature, there is a known association between treatment
toxicity and clinical outcomes for several types of cancer drugs (6).
For example, it is well-known how immunologically related adverse
events (AEs) predict a good response to immunotherapy (7) or, for
BC patients, how post-menopausal symptoms predict improved
outcomes among women taking adjuvant endocrine therapy (8).

Pivotal studies of CDK4/6i have shown that the most common
cutaneous side effects are mild, with grade 3 rashes only occurring
in 0.9% of patients, and at the same time, no evidence of impact on
prognosis was shown for skin rash incidence or grade of toxicity
(3-5).

Vitiligo is an autoimmune skin disorder that originates from the
loss of functional melanocytes of the epidermis, resulting in the
appearance of hypopigmented skin areas. In patients affected by
malignant melanoma, vitiligo-like lesions occur spontaneously or
during anticancer treatments with an incidence that is 10-fold
higher than that in the general population (9). Moreover, several
studies suggest that the appearance of depigmented patches could
be a clinically visible immuno-related event associated with clinical
benefit in the context of immunotherapy for melanoma cancer
patients (10). In patients with or treated for non-melanoma
malignancies, vitiligo-like disorders are absolutely rare.

We discuss two cases of metastatic HR+/HER2— mBC patients
treated with the association therapy of CD4/6 inhibitors plus
endocrine therapy with a remarkable and durable response after
severe skin toxicity and persistent residual diffuse areas of vitiligo-
like lesions.

Case 1

In 2008, a 46-year-old woman was diagnosed with estrogen
receptor-positive (80%), progesterone receptor-negative (0%),
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human epidermal growth factor receptor-2 (HER2)-negative, low-
grade (G1) invasive cancer of the right breast (pT2N2, MO0; Ki-67
index 2%). Primary treatment was right quadrantectomy and
excision of sentinel lymph node, adjuvant chemotherapy
(docetaxel and cyclophosphamide for six cycles), irradiation of
the affected breast and supra- and infraclavicular nodes, and
adjuvant endocrine therapy with tamoxifen for 5 years (until 2013).

Thereafter, the patient remained relapse-free for 13 years, until
an MRI was performed due to an accidental trauma and revealed
metastases in the whole column. The next contrast-enhanced total-
body CT scan confirmed numerous osteolytic lesions in all vertebral
metamers and showed metastases also in the sternum and pelvis
lymph nodes of 2.7 cm [target lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) v.1.1 criteria]. The
patient’s Eastern Cooperative Oncology Group Performance Status
(ECOG PS) was 0, and she did not have any comorbidities.

In consideration of the recurrence sites, it was decided not to
perform a biopsy, and according to the history of the patient, in July
2017, she started a systemic therapy with a CDK4/6 inhibitor,
ribociclib 600 mg/day (three 200-mg tablets daily for 3 weeks every
4 weeks), plus endocrine therapy with letrozole (2.5 mg/day) as the
SOC for HR+/HER2- metastatic BC patients (3-5). After 3 months
of therapy, the patient developed itchiness followed by a diffuse
erythematous-vesicular cutaneous rash in certain areas that evolved
into leukodermic lesions (on the trunk, legs, and both arms)
(Figure 1A). Thus, we primarily performed a dose reduction of
ribociclib (400 mg/day, two 200-mg tablets daily for 3 weeks every 4
weeks) in association with oral (dexamethasone) and topical
(clobetasol) steroids. Despite our change in therapy, the
cutaneous toxicity did not resolve; thus, after another cycle of
therapy with dose-reduced ribociclib (400 mg/day), the use of
systemic antineoplastic drugs was stopped, retaining only the
endocrine therapy. After 3 months without a cyclin-CD4/6
inhibitor, the cutaneous rash and itchiness disappeared, but
depigmentation areas remained (Figure 1B).

A histopathologic examination of a skin biopsy specimen was
performed and showed a mild lymphocytic infiltrate (CD8+) along
the basement membrane layer (Figure 2A). The Fontana Masson
staining test was negative with no single melanocytes and few
melanophages in the dermis (Figure 2B). Also, P53 expression
was determined using immunohistochemical analysis with
evidence of strong immunostaining in basal and supra-basal
layers in depigmented skin (Figures 2C, D).

During the treatment, the patient underwent contrast-enhanced
total-body CT scans every 3-4 months, and the best response
documented was a stable disease per RECIST vl.1. Furthermore,
all osteolytic bone metastases became blastic bone metastases.

Accordingly, owing to the good response of cancer to the
association therapy despite the toxicity, we tried to give the
patient another CDK4/6 inhibitor, palbociclib (125 mg/day, one
125-mg tablet daily for 3 weeks every 4 weeks), with letrozole. After
a few days of the first cycle, the patient again developed an
erythematosus cutaneous rash; thus, we immediately stopped the
therapy. The patient underwent treatment with antihistamine
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FIGURE 1

(A) Erythematous-vesicular cutaneous rash after 3 months of therapy with ribociclib. (B—D) Residual depigmented areas of the back.

(ebastine) and topical steroid (clobetasol) therapy, thus controlling
the cutaneous rash.

Currently, the patient is still taking endocrine therapy alone
with letrozole (ongoing at the time of writing), and she has
persistent and extensive vitiligo-like lesions (Figures 1C, D), but

she remains in good clinical condition. She will be followed up with
a regular CT scan every 3-4 months.

The last radiological evaluation was performed in November
2021, and it confirmed a persistent response to our treatment, with
a PFS of more than 4 years (50 months) despite taking the CDK4/6

FIGURE 2

Skin histopathologic and immunohistochemical examination. (A) Mild perivascular lymphocytic infiltrate in the superficial dermis extended along the
basal layer (hematoxylin—eosin, original magnification x100). (B) Focally detected melanin (red arrows) in few dermal melanophages (melan-A
monoclonal antibody, A103, Invitrogen; original magnification x100). (C, D) Strong P53 expression (mouse monoclonal anti-P53 antibody MS-738-
R7-LabVision/Neomarkers, USA) in basal and supra-basal layers in depigmented skin at original magnification x50 (C) and x100 (D).
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inhibitor for a few months, which compares favorably with the
median PFS of 25.3 months with the combination therapy in the
Phase 3 MONALEESA-2 study (5).

Case 2

An 80-year-old woman has a history of early BC ER/PR-
positive, HER2-negative diagnosed in 1995 (pT2, pNO, MO0) for
which she underwent a right quadrantectomy and homolateral
axillary lymphadenectomy followed by adjuvant radiotherapy and
then endocrine therapy with tamoxifen for 5 years according to her
premenopausal state. Ten years after surgery, the patient has had a
local recurrence of the disease in the upper external right quadrant
for which a right upper quadrantectomy was performed in 2005
(ductal invasive BC ER/PR-positive, HER2-negative, grade 1; pT1c).
After that, hormonal therapy with anastrozole (1 mg/day) was
started according to her post-menopausal state for 5 years,
until 2010.

In 2017, because of the high values of tumor markers CEA and
CA15.3, the patient underwent a CT scan that documented multiple
lung and liver metastases and mediastinal lymph nodes confirmed
by the next PET/CT with 18-FDG. The ECOG PS was 0 and she did
not have any comorbidities. Therefore, according to her oncological
history, in October 2017, she started a first-line endocrine therapy
with letrozole (2.5 mg/day) plus CDK4/6i ribociclib (400 mg/day,
two 200-mg tablets daily for 3 weeks every 4 weeks).

After 12 months of treatment, the patient developed itchiness
and then a diffuse erythematous-vesicular cutaneous rash similar to
our first case; this was followed by some areas evolving into
permanent depigmented lesions. Thus, the use of systemic
antineoplastic drugs was stopped, retaining only letrozole. After 1
month without ribociclib, the cutaneous rash and itchiness
disappeared, but several extensive depigmentation areas remained
(Figures 3A, B). Despite the attempt to resume treatment with a
reduced dose of ribociclib (at both 400 and 200 mg/day), the rash
with widespread itching recurred, and therefore, it was decided to
permanently discontinue ribociclib and to continue letrozole alone.

During the treatment, the patient underwent CT scans every 3—
4 months, and the best response documented was stable disease. In
October 2021, the patient underwent a PET/CT-18FDG that
documented a persistent complete metabolic response to the
treatment with a median PFS of 39 months despite the
discontinuation of combination therapy.

Discussion

HR+/HER2- is the subtype of mBC with a better survival
outcome thanks to the first-line use of CDK4/6 inhibitors with
endocrine therapy (3-5). We reported two cases of HR+/HER2—
mBC patients who achieved long-term stabilization of the disease
with endocrine therapy alone after approximately only a few
months with the SOC in the first-line setting, which is endocrine
therapy with ribociclib.
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FIGURE 3
(A, B) Extensive depigmentation cutaneous areas after 1 month of
stopping the therapy with ribociclib.

Usually, CDK4/6 inhibitors are well tolerated and AEs are
typically easily managed with dose modification and supportive care
measures. Without a comparative study between the different possible
combinations of palbociclib, ribociclib, and abemaciclib in first- and
second-line therapy, the choice of physicians is currently mainly
driven by the different toxicity profiles of these drugs. The most
common AE reported with palbociclib and ribociclib is neutropenia,
while the most common AE reported with abemaciclib is diarrhea.
Treatment discontinuation was significantly higher with abemaciclib
than with palbociclib, but similar between ribociclib and palbociclib.
Nowadays, cutaneous AEs are not taken into consideration when
choosing what CD4/6 inhibitor to give to the patient. Nevertheless,
real-world data have shown that skin toxicity could reduce the
tolerability of the therapy for our BC patients, leading to a 25%
discontinuation rate (11). Alopecia is the most frequent
dermatological AE (7%-33%) of all CD4/6 inhibitors, and it has
occurred after approximately 3-4 months of treatment. Other
frequent dermatological AEs are maculopapular rash and pruritus,
which are commonly mild in severity and more frequent with
ribociclib than with palbociclib and abemaciclib. Palbociclib was
more associated with dry skin and onychoclasis (11).

We know that cutaneous toxicities diminish the quality of life
(QoL) of patients, which impacts their treatment adherence and can
affect their personal, social, and workplace relationships,
jeopardizing the treatment's success and patient survival (12).
Notably, their frequency and severity may be associated with
clinical benefit from anticancer therapies; thus, mitigating these
events is of importance to maintaining dose intensity and QoL.

The patients in our case reports have had pruritus and an
extensive cutaneous rash, the first one after 2 months of therapy and
the second one after 1 year. Due to this event, both patients stopped
the treatment with CDK4/6 inhibitors, but in both cases, they
developed persistent skin-depigmented vitiligo-like areas.
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Cancer patients treated with anti-PD1/PD-L1 therapies as well
as with tyrosine kinase inhibitors (imatinib, cabozantinib, and
pazopanib) experience common skin immune-related AEs such as
vitiligo-like lesions, rash, and pruritus (13-15). Moreover, vitiligo
occurs in approximately 20% of melanoma patients, which is higher
than that of the general population (0.5%-1%), which could be
associated with better clinical response and survival (15). It
probably occurs due to the immune activation against melanoma-
associated antigens expressed by normal melanocytes (MART-1
and gp-100) as a result of cross-reaction from melanoma cells that
share the same antigens (16).

Our patients have had very good outcomes despite their skin AEs,
with a median PFS that is more similar to the typical value of the
combination therapy than that of the endocrine therapy alone. We
can speculate about the early onset and/or the severity of the skin AEs
in our patients and their eventual prognostic role as well as the
correlation between our patients’ persistent response to the therapy.

In 2020, Sollena et al. reported an international retrospective
study including patients with advanced BC who developed vitiligo-
like lesions during treatment with CDK4/6i. Of the 16 patients
included in this study, 3 have undergone a cutaneous biopsy of the
hypopigmented areas, resulting in the detection of a mild
lymphocytic infiltrate along the basement membrane layer with
few melanophages in the dermis and a negative Fontana staining
(17). These results are similar to what we have found in our patient.
In one case, we tried to change the treatment by switching from
ribociclib to palbociclib without success. It is possible that the
mechanism behind this skin AE is class related.

One possible mechanism to explain this rare skin reaction to
CDK4/6 inhibitors is hypothesized by Sollena et al.: that alterations
in keratinocyte precursor proliferation and the apoptosis induced
by CDK4/6i may lead to a loss of survival stimuli and passive
melanocyte premature death, with the consequent onset of
hypopigmented lesions (17). This hypothesis is consistent with
the results of the histological examination of the skin in the first
patient reported in this case series. In fact, we observed evidence of
signs of apoptosis in basal and supra-basal layers (P53+), a
lymphocytic infiltrate CD8+, and hypopigmentation with few
melanophages in the dermis (Fontana staining negative).

At the same time, an intriguing immune-mediated mechanism
may justify a correlation between the irreversible vitiligo-like skin
toxicity and the exceptional response with limited exposure to CDK4/
6 inhibitors. Skin toxicity of CDK4/6 inhibitors, in addition to
inducing a passive death of melanocytes, could determine an
activation against BC-associated antigens expressed by normal
melanocytes. As a result of cross-reaction from melanocytes that
could share some antigens also expressed by BC (18), an immune
reaction could occur that feeds and makes vitiligo-like toxicity
irreversible and, at the same time, helps control the metastatic
disease. This hypothesis is also supported by the presence of
lymphocyte infiltrates in the skin biopsy performed in the first case
report, but other in vitro and in vivo studies are needed to verify this
theory and better understand this peculiar toxicity of these new drugs.
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In conclusion, these two case reports documented response to
endocrine therapy alone after a premature interruption of CDK4/61
due to a severe cutaneous AE with a vitiligo-like irreversible
outcome in two patients with metastatic HR+/HER2— BC that, at
the time of last follow-up, both have a PES of approximately 40
months. Nowadays, the prognostic value of AEs and especially
vitiligo-like toxicity in patients treated with CDK4/6i remains

unknown and warrants further investigation.
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Case report: Neuroendocrine
breast carcinoma with a
germline EGFR T/790M mutation
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Background: The epidermal growth factor receptor (EGFR) p.Thr790Met (T790M)
mutation was discovered as a resistance mechanism in patients with lung cancer
treated with first- and second-generation tyrosine kinase inhibitors. Further studies
revealed the EGFR T790M mutation in treatment-naive non-small cell lung
carcinoma (NSCLC) and as a rare germline mutation strongly associated with
NSCLC. Somatic EGFR T790M mutations have been reported in a limited
population of patients with triple-negative breast cancer. There are no previous
reports of a germline EGFR T790M mutation found in a patient with breast cancer.

Case presentation: We present a rare case of a 42-year-old woman with a
rapidly progressing 8 cm mass in the right lateral breast. An additional right breast
mass with multiple lymph nodes characteristic or suspicious of metastasis was
found. Ultrasound-guided biopsy showed high-grade, poorly differentiated
invasive neuroendocrine carcinoma of the right breast and metastatic
carcinoma of a right axillary lymph node. Genetic testing revealed a germline
EGFR T790M mutation. The patient underwent neoadjuvant chemotherapy, right
mastectomy with lymph node dissection, adjuvant radiation to the right chest
wall and axilla, and adjuvant chemotherapy.

Conclusion: This is the first reported case of a patient with high-grade
neuroendocrine carcinoma, triple-negative breast cancer and a germline EGFR
T790M mutation. Further investigation is needed to find a possible correlation
between the cancer in this patient and her mutation. Since there are no current
guidelines, further research is also needed to define screening protocols for
patients with germline EGFR T790M mutations. Additional treatment options and
cancer risk could also be found with further research, which would benefit all
patients with a germline EGFR T790M mutation.

KEYWORDS

neuroendocrine breast cancer, germline EGFR T790M mutation, triple-negative breast
cancer (TNBC), EGFR mutation, chemotherapy

Abbreviations: EGFR/EGF receptor, epidermal growth factor receptor; NSCLC, non-small cell lung
carcinoma; TKI, tyrosine kinase inhibitor; T790M, p.Thr790Met; BC, breast cancer; TNBC, triple-negative

breast cancer; LN, lymph node; FISH, fluorescence in situ hybridization.
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Background

As our understanding of molecular genetics in health care
expands, specific gene mutations have been characterized and
targeted for various cancer treatments. One of these genes is the
epidermal growth factor receptor (EGF-receptor or EGFR) gene.
The EGF receptor actuates several downstream pathways that
regulate a variety of different cellular processes, including DNA
synthesis and cell proliferation, which makes it crucial for cancer
development (1, 2). In 2004, the presence of activating somatic
mutations in the EGF receptor tyrosine kinase domain was
identified in non-small cell lung carcinoma (NSCLC) after seeing
an increased response in patients treated with wild-type EGFR
tyrosine kinase inhibitors (TKI) compared to standard platinum-
based chemotherapy (3-7). These mutations are found on exon 19
(deletion), exon 20 (insertion), and exon 21 (L858R point mutation)
(8-15). These developments led to first- and second-generation
TKIs becoming the standard of care for patients with EGFR-
mutated NSCLC (6, 7, 16-18).

However, a specific subset of patients with NSCLC was found to
progress while on first- or second-generation TKI. In more than
50% of these patients, the point mutation of EGFR p.Thr790Met
(T790M) on Exon 20 was acquired after exposure to TKI, making
the first- and second-generation TKI ineffective (19-21).
Osimertinib was approved in 2018 as a third-generation TKI for
any patient with EGFR-mutated NSCLC who had progressed to
first- or second-generation TKI, regardless of the EGFR T790M
mutation status (22). Although most patients develop the EGFR
T790M mutation after treatment with TKIs, there have been
documented cases of patients with treatment-naive EGFR T790M
positive NSCLC. The prevalence of the EGFR T790M mutation has
been reported between less than 5% and 40% in treatment-naive
NSCLC (11, 23-27). The prevalence can vary greatly depending on
the study and the technique used (28). Even with this variation, it is
clear that the EGFR T790M mutation is not simply a post-TKI
treatment resistance mechanism. Although these reports are rare,
cases of germline EGFR T790M mutations have also been
documented (29, 30). These cases have been of isolated
individuals and families, and up to 90% of these patients have
been diagnosed with lung adenocarcinoma (30-39).

The EGFR gene also plays an important role in breast cancer
(BC). When the EGFR gene is abnormally expressed in BC, it is
usually overexpressed or amplified. Although there have been
isolated cases of activation of EGFR mutations in BC, this is very
rare (3, 40-50). To investigate the role of TKIs in BC, the prevalence
of EGFR T790M mutations has been researched. Few patients were
found to have this somatic mutation, mainly in patients with triple-
negative BC (TNBC) (50, 51). There have not been previously
documented cases of patients with a germline EGFR T790M
mutation and BC. The importance of the EGFR gene in BC has
been clearly defined, but the extent and prevalence of the EGFR
T790M mutation in BC have not yet been fully determined.

We present a rare and interesting case of a young woman who
developed high-grade neuroendocrine carcinoma, TNBC and was
found to have a germline EGFR T790M mutation.
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Case presentation

Our patient is a 42-year-old woman who initially presented with
a small palpable mass on her right breast with accompanying
burning pain. She stated that it had been growing rapidly over 6
to 8 weeks. She also reported night sweats, back pain, headaches,
depression, anxiety, and memory loss. In particular, her respiratory
review of the systems was negative and she had no smoking history.
The patient has a history of hypertension, depression, intramural
uterine leiomyoma, and a left breast fibroadenoma removed 20
years ago. In particular, her family history of cancer includes her
daughter (leukemia) and her maternal aunt (colon cancer). Her
father’s medical history is unknown. An initial physical exam
showed swelling of the right breast. Palpation demonstrated an
8 cm mass in the right upper outer and lower outer quadrants and a
walnut-sized mass in the right axillary tail. No tenderness, skin
d’orange appearance, nipple discharge, or supraclavicular
lymphadenopathy were documented.

The further imaging was promptly completed. A diagnostic
mammogram with ultrasound of the right breast showed an
irregular hypoechoic mass of 2.9 x 2.1 x 1.9 cm in the position of
10:00 of the right breast, which was highly suggestive of malignancy.
An ultrasound of the right axilla showed an abnormally enlarged
lymph node (LN) measuring 2.8 x 1.9 x 1.5 cm with an abnormal
cortical thickness of 1 cm. This was noted to be highly concerning
for a metastatic LN. An ultrasound-guided biopsy of the right breast
mass and the right axillary LN was performed. The specimen of the
right breast mass showed invasive high-grade neuroendocrine
carcinoma of the breast with extensive necrosis. The LN was
positive for metastatic carcinoma. By immunohistochemistry,
breast markers were ER negative, PR negative and HER2neu
equivocal and not amplified by fluorescence in situ hybridization
(FISH). It is noteworthy that BRCA1 and BRCA2 were wild-type.
Testing for germline mutations in 83 genes associated with genetic
disorders was performed. Only one likely pathogenic variant was
identified in the EGFR gene: ¢.2369 C>T {p. Thr790Met}. This
mutation was heterozygous. Somatic alterations were checked using
an assay that interrogates 324 genes and introns of 36 genes
involved in rearrangements. Somatic alterations frequently
observed in malignancies and variants of unknown significance
were discovered (see Table 1). The tumor was Microsatellite stable,
and Mutational Burden was 3 Muts/Mb. Tumor-infiltrating
Immune Cell score was 10%, and Tumor Cell score was 0%.
Tumor characteristics included that it was GATA-3 negative, CK7
patchy positivity with many cells showing a “dot-pattern” of
staining, GCDFP-15 negative, Mammaglobin patchy moderately
strong positivity in malignant cells with majority of cells negative,
Synaptophysin positive, Chromogranin rare strong positivity in
malignant infiltrate with “dot-pattern”, TTF-1 scattered positive
cells, and CK20 negative. The patient declined testing of family
members, primarily due to a history of Acute Lymphoblastic
Leukemia in her child and fear of stigmatization.

Magnetic resonance imaging further characterized the
previously biopsied right 10:00 breast lesion as irregular and
lobulated with central areas of necrosis and heterogeneous
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TABLE 1 Results of somatic alterations and variants of unknown
significance found in patient.

Alteration Variant of Unknown
Significance

EGFR T790M BRAF E26D

PTEN splice site 209 + 5G>A IGFIR N747S

RB1 loss PTCH1 E48_N49insE

TP53 P58fs*65 SDHA amplification
CDKN2A/B | amplification
IRS2 N28_H29insN
RAF1 Q255P
EPHA3 T406N
NF1 S665F
RB1 rearrangement
FGF10 amplification
PARK2 R191W
RICTOR amplification

enhancement predominantly in the periphery. The mass was
measured 3 x 2.8 x 2.6 cm without skin invasion. Another mass
was observed at 9:00 in the right breast, measuring 6 mm in greatest
dimension and 2.7 cm away from the mass at 10:00. The previously
biopsied right axillary LN was measured as 3.7 x 2.7 x 2.7 cm. There
was also an 11 mm round LN with a near complete loss of normal
fatty hilum superficial to the biopsy-proven metastatic LN in the
axillary tail. At least six additional level I right axillary LNs were
highly suspicious of metastatic LNs. Also, there was an abnormally
enlarged level II LN, measuring 1.6 cm, that was suspicious for a
metastatic LN. Three adjacent level II LNs were not enlarged, but
did look suspicious relative to their left-sided counterparts. No
internal mammary or level III lymphadenopathy was observed. A

Feb 2020: R
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Mar 2020-Aug
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Sept 2021
CT CAP
reveals 4x6
mm right
)

ro 4
PET scan + for
FDG avid
malignancy in R

prognostic stage
me
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lung s negative
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PET-CT showed abnormally increased FDG activity within the
lateral aspect of the right breast and right axilla, but no other sites.

The patient’s diagnosis was high-grade neuroendocrine
carcinoma of the right breast (¢T3 ¢N1-2 MO), clinical prognostic
stage ITIC. Neoadjuvant chemotherapy consisting of four cycles of
doxorubicin and cyclophosphamide followed by 12 cycles of
paclitaxel and carboplatin was started. Carboplatin was
discontinued after ten cycles due to neuropathy, which is
managed with gabapentin. Once the chemotherapy regimen was
completed, the patient’s breast mass was significantly decreased in
size. The patient then underwent a right mastectomy with
dissection of the right LNs, which showed residual ypTlaNla.
She developed lymphedema after surgery, but received treatment
in the lymphedema clinic. A postoperative CTA-Chest showed
multiple sub-centimeter indeterminate pulmonary nodules. She
completed 25 adjuvant radiation fractions to the right chest wall
and LN and developed grade 2 radiation dermatitis, which
improved with treatment. The metastatic study completed after
radiation showed no change in previously known sub-centimeter
lung nodules. The patient then completed 8 cycles of adjuvant oral
capecitabine. CT of chest/abdomen/pelvis done immediately after
adjuvant chemotherapy revealed no change in lung nodules and no
evidence of metastatic disease. CT of chest/abdomen/pelvis, brain
MRI, and bone scan 7 months after adjuvant chemotherapy
revealed no evidence of metastatic disease and stable appearance
of chest (see Figure 1). The patient remains clinically disease free as
of the last follow-up.

Discussion

The EGFR gene is important in many different types of cancer.
Most commonly found at exon 19, 20 or 21 of the EGFR gene,
activating somatic mutations are important targets in the treatment
of NSCLC with TKI and monoclonal antibody (3-14, 52).
Additionally, the EGFR T790M mutation, located in exon 20 of
the EGFR gene, was first discovered as a somatic resistance

‘metastasis
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Timeline of Patient Diagnosis and Treatment. LN, lymph node; CT CAP, CT of chest/abdomen/pelvis; TNBC, triple negative breast cancer;

NEC, neuroendocrine carcinoma.
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mechanism in patients with NSCLC who underwent treatment with
first- or second-generation TKIs. A third-generation TKI,
osimertinib, was approved in 2018 for patients with EGFR-
mutated NSCLC, regardless of the status of the EGFR T790M
mutation (22). Unfortunately, some patients also developed
resistance to osimertinib through additional resistance
mechanisms, including HER2 amplification and histologic
transformation from NSCLC to high-grade, poorly differentiated,
neuroendocrine lung cancer (18, 53-55).

Germline EGFR T790M mutations have been implicated in the
development of lung cancer by acting as weak oncogenes (37, 38).
Most patients with NSCLC and a germline EGFR T790M mutation
also have a concurrent activating somatic EGFR mutation (35, 36).
Only a minority of patients have a T790M mutation as their only
EGFR mutation (33). Germline EGFR T790M mutations are
estimated to occur in 1% of patients with NSCLC and between
0.15 and 0.54% of all cancer patients (29, 30, 38, 56). Germline
mutations have been reported primarily in white patients, with few
reported in those with East Indian or Asian ancestry (29, 36). This
mutation is typically associated with a young age at the time of
cancer diagnosis. It has been suggested that patients exhibit
anticipation, with the youngest recorded patient diagnosed with
this mutation and NSCLC at 29 years old (36). This highlights the
importance of the EGFR T790M mutation in NSCLC as a resistance
mechanism to treatment and also increases the risk of lung cancer
without a significant predisposition to other types of cancer.

Although the EGFR T790M mutation has been associated with
NSCLC, there are only rare cases of the EGFR T790M mutation
associated with BC. Teng et al. (50) reported EGFR mutations in
11.8% of 70 TNBC cases studied. The two most common mutations

—

EGFR —=

Extracellular Domain
Transmembrane Domain
Tyrosine Kinase Domain -
~—~——
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found were exon 19 deletions and exon 21 substitutions. In
particular, no EGFR mutations were found at exon 20, which is
the location of the EGFR T790M mutation (50) (see Figure 2). In a
review of 131 BC patients, three patients were reported to have
infiltrating ductal carcinoma with lone EGFR T790M mutations.
While two of these patients had TNBC, all three mutations were
somatic (51). Another interesting case is of a non-smoking woman
with a history of BC who developed mutated lung adenocarcinoma;
however, this mutation was not present in the breast connective
tissue and was determined to be somatic (33).

The case we have presented is the first reported case of a
germline EGFR T790M mutation in a patient with high-grade
neuroendocrine TNBC. Since this is the first reported case, no
association between the germline EGFR T790M mutation and
TNBC can be made at this time. However, with the increasing
amount of genetic testing performed on cancer patients and the
ever-expanding testing options, there could be more cases in the
future that would allow us to conclude germline EGFR T790M
mutations and BC. Additional research on the EGFR T790M
mutation may provide more treatment options for patients with
any cancer mutated by EGFR T790M. This patient was not treated
with a TKI, as no specific treatment guidelines are defined for breast
neuroendocrine carcinomas (57). Still, third-generation TKIs may
be a possible treatment option for them in the future based on their
mutation. This case also highlights the importance of
understanding the resistance mechanisms of the EGFR T790M
mutation to third-generation TKI. Since one of the resistance
mechanisms of EGFR T790M-mutated NSCLC is to histologically
transform into high-grade, poorly differentiated, small cell lung
cancer after treatment with osimertinib, studying this resistance

4 ¥ 4
4 4

FIGURE 2

Intracellular Pathways of EGFR T790M Mutation in Pathogenesis of Breast Cancer.
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mechanism may lead to a connection between the patient’s EGFR
T790M mutation and neuroendocrine TNBC. Caution, however,
will need to be exercised for such correlations as BC is a prevalent
disease, and this is currently an incidental discovery.

There is a lack of high-quality data regarding therapeutic
options in patients with disease progression of neuroendocrine
carcinoma of the breast (58). Neuroendocrine carcinoma follows
a more aggressive course than ductal carcinoma (57, 59). Options
for treatment include chemotherapy according to neuroendocrine
malignancy guidelines (60). There are case reports of response with
immunotherapy (61, 62); however, there is no well-described
correlation with conventional predictors of response to
immunotherapy such as PD-L1 expression, high tumor
mutational burden, and microsatellite instability. There are
reports of response with peptide receptor radionuclide therapy in
patients with metastatic neuroendocrine breast carcinoma and
overexpression of somatostatin receptors as evidenced by nuclear
scintigraphy (63, 64). The somatic PTEN mutation in this patient
also provides the theoretical option of using mTOR inhibition for
clinical benefit (65). TROP-2 protein expression has been observed
in some patients with neuroendocrine breast carcinoma, suggesting
a role for targeted therapy with sacituzumab govitecan (66, 67).
Similarly, predictive expression of FOLR1 and H3K36Me3 has been
observed in subsets of neuroendocrine BC, which may pave the way
for future usage of newer drugs such as farletuzumab and
mirvetuximab soravtansine (FOLR1) and histone deacetylase
inhibitors (H3K36Me3) (66).

This case also highlights the complicated nature of genetic testing.
While specific mutations have provided patients with life-changing
treatments, there are many other times when a mutation is found with
no particular significance at the time of the test or when the mutations
found lead to more questions than answers. In the case of our patient,
these new questions revolve around what other cancer screening must
be done beyond screening and surveillance of her known disease.
There are no standard guidelines for cancer screening in patients with
identified EGFR T790M mutations. Patients who have germline EGFR
T790M mutations require further studies to assess the presence of lung
cancer. Our patient is no different due to her germline mutation and
the multiple sub-centimeter indeterminate pulmonary nodules found
on her postoperative CTA chest. Although these could be benign,
serial imaging should be done to properly characterize these nodules.
However, this patient does not have any other EGFR mutations, which
is a rarity in germline EGFR T790M-mutated NSCLC patients (33).
While no significance can be tied to this currently, this can affect her
risk of developing lung cancer. A detailed family history is essential, as
this germline mutation is most commonly associated with lung
adenocarcinoma. The unknown paternal health history of this
patient could provide more information about her case.
Furthermore, patients with germline EGFR T790M mutations
should seek genetic counseling for themselves and their first-degree
relatives. Oxnard et al. (35) also recommend following those with
germline EGFR T790M to determine optimal screening and
counseling strategies. As more is learned about the EGFR T790M
mutation, screening protocols for patients with germline EGFR
T790M mutations should be clearly defined to increase the chance
of survival of these patients and possibly their families.
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Conclusion

This case is unique due to the patient’s presentation and her
mutation status. At this time, no association can be made between BC
and EGFR T790M mutation. Further investigation of the EGFR
T790M mutation could elucidate an increased risk of breast or other
types of cancer beyond NSCLC. Additional uses for TKIs could also be
found along with defined cancer screening protocols to benefit patients
who have a germline EGFR T790M mutation. Continued research on
the EGFR T790M mutation will help this patient and many others
today and in the future with their cancer prevention and treatment.

Patient perspective

The patient had struggled emotionally throughout the process.
She had developed grade 1 neuropathy while receiving adjuvant
chemotherapy and palmar-plantar erythrodysesthesia while
receiving capecitabine.
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Breast cancer is the most frequently diagnosed cancer in women worldwide.
Actually CDK4/6 inhibitor Ribociclib is approved for the treatment of metastatic
hormone-positive and human epidermal growth factor receptor 2 (HER 2)-
negative breast cancer, but comorbidities like infectious or cardiovascular
diseases may limit its use.

Case report: A 45-year-old woman was diagnosed with metastatic breast cancer
in September 2021; also, her hepatitis screening resulted positive for hepatitis B
infection. Patient assumed eradicative therapy for hepatitis and bit after started
oncological therapy with Ribociclib.

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
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academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Outcome: Frequent check of hepatological function was observed since start of
eradicative therapy; liver transaminases and bilirubin kept to not rise despite start
of oncological treatment with Ribociclib. Patient’s Performance Status was also
not compromised and revaluation at 4, 9 and 13 months showed partial response
and then stable disease.

Discussion: hepatotoxicity of Ribociclib is reported as a possible side effect, and
often positivity for hepatitis is cause of exclusion from therapy; in our case, no
hepatotoxicity was noted and patient obtained response in terms of control of
both infectious and oncological diseases.

KEYWORDS

Ribociclib, hepatitis B, luminal breast cancer, CDK4/6 inhibitors, tenofovir
disoproxil fumarate
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Introduction

Female breast cancer is the most commonly diagnosed cancer
worldwide; in Europe more than 400.000 women are affected every
year (1), and more than 130.000 deaths due to metastatic breast
cancer were reported in 2018 (2).

Prognosis and mortality are tightly linked to patient-dependent
factors and to the molecular biology of the tumor itself; assessing
the estrogen receptor (ER), progesterone receptor (PgR) and human
epidermal growth factor receptor 2 (Erbb2, formerly HER2)
expression profile is the first step to classifying the patient’s
disease into prognostic and histological subtypes. The majority of
patients - approximately 70% - are HR-positive and HER2-negative,
with an incidence of triple positive, triple negative and HER2-
enriched disease of 11%, 12% and 4% respectively (3).

The present first-line treatment involves association of CDK4/6
inhibitors and endocrine therapy as the standard of care for ER and
PgR positive, HER2 negative MBC (2). Improvements in efficacy
endpoints shown by these drugs were also accompanied by
favorable toxicity and safety profiles, especially when compared to
traditional chemotherapy (4-10); most recent data shows that, after
a 53.5 median follow up, Cdk4/6 inhibitor Ribociclib is associated to
significant improvements in Overall survival and Progression-free
survival when administered with goserelin plus nonsteroidal
aromatase inhibitor (NSAI) or tamoxifen (median OS 58.7
months with ribociclib versus 48.0 months with placebo; mPFS
27.5 months with Ribociclib versus 13.8 months, MONALEESA-7
trial (11)); Abemaciclib plus fulvestrant also prolonged Progression
free survival versus placebo/fulvestrant (mPFS, 16.4 vs 9.3 months);
and overall survival (OS, 46.7 vs 37.3 months; MONARCH-2 trial
(12);) or when associated with NSAI (OS 67.1 months with
abemaciclib plus NSAI versus 54.5 months with placebo and a
NSAL mPFES 28.2 vs 14.8 months, MONARCH-3 trial (13);). Last
updates from PALOMA trial series, studying Palbociclib, seem to
not show a clear advantage of the cdk4/6 inhibitor plus fulvestrant
in overall survival, and the observed difference in this case was not
statistically significant.

No less important, secondary publications reported that Health-
related Quality of life assessment was satisfactory in patients
receiving ribociclib, abemaciclib or palbociclib + ET versus
placebo + ET (14-16).

Although their action and structure mechanisms are similar,
differences in their toxicity profiles were nevertheless reported;
Abemaciclib showed a minor rate of hematopoietic toxicity
compared to Ribociclib and Palbociclib, but a major rate of
diarrhea and fatigue (17, 18).

Among them, Ribociclib can induce QT prolongation and
requires a periodic check of cardiac electrophysiology.

Moreover, MONALEESA series trials reported a significant rate
of liver toxicity in patients treated with Ribociclib vs placebo,
evidence confirmed by real life experiences; liver injury included
grade 3/4 hypertransaminasemia (affecting up to 8% of patients and
often enduring for many weeks despite discontinuation of therapy)
(19, 20) to fulminant hepatitis (21).

This data led to their approval in combination with AI or
fulvestrant in therapy for metastatic luminal breast cancer as first-
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line treatment or after failure of previous ET, while a first-line
chemotherapy is usually reserved for patients unable to assume oral
therapies or at risk of imminent organ failure (2) - though recent
evidence shows relevant efficacy of cdk4/6 inhibitors even in these
cases (22).

Among other patient-related prognostic factors in the treatment
of MBC, infectious diseases are comorbidities that often affect
treatment effectiveness and intensity; of these, one of the most
common infective agents is infection with hepatitis B virus (HBV),
still an important endemic infection with significant morbidity and
mortality (23).

Despite vaccination programs, the spread of HBV infection and
related disease is sustained by migrants and refugees with high
HBsAg prevalence rates, that favor the diffusion in low endemic
countries in Europe (like Italy, Germany, United Kingdom etc.)
(24, 25).

In clinical practice, the presence of a preexistent unknown HBV
infection or an infection not under surveillance in patients with
newly diagnosed cancer is a real possibility. A recent work reports
that on above 3000 newly diagnosed oncological patients screened
for HBV, the observed rate for previous infection was 6.5%, and for
chronic HBV 0.6% (26); an HBV screening is clearly necessary, but
it can also represent cause of delay in starting oncological therapy.

In fact the prophylactic or therapeutic use of antivirals agents is
able to prevent HBV replication or reactivation in the different
serological categories related to HBV status during
immunosuppressive or chemotherapy treatment. At moment very
few data are available for patients with actively replicating HBV
infection and oncological treatment; in many trial series involving
cdk4/6 inhibitors their inclusion was demanded on clinician
judgement (27, 28), or excluded at all (29); hence, the need to
assess safety of these drugs in particular cohorts of patient, like the
HBV-infected ones, whose clinical management is underreported.

Case presentation

A 45-year-old, no smoker Caucasian woman was diagnosed
with metastatic breast cancer in September 2021. In August 2021,
she had undergone a right breast core biopsy, and histological
examination diagnosed invasive ductal breast cancer: hormonal
receptor status (ER and PgR) was positive, HER2 was not
overexpressed, Ki-67 was 60%.

In September 2021, staging with 18FDG PET/CT detected breast
disease, axillary and mediastinal lymph node metastases, humerus,
iliac and ischium bone metastases; contrast-enhanced breast MRI and
bone scintigraphy both confirmed metastatic disease.

Combination therapy with Ribociclib 600mg/die for 21 days
with 28-days cycle plus Letrozole 2.5mg/day plus Triptorelin
3.75mg every four weeks was adopted as first-line treatment for
this pre-menopausal, hormone receptor-positive and HER2-
negative MBC. Patient had no other comorbidities and did not
assume drugs before starting therapy.

Before proceeding with treatment, we evaluated infectious
markers, and found hepatitis B serology positive for infection as
reported below:
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TO -September 2021.

- HBsAg positive

- HBV DNA 4383 IU/mL

- HBsAb Negative

- HBcAb IgG Positive

- HBcAb IgM Negative

- HBeAg Negative

- Normal transaminases and liver function tests; no HDV
coinfection.

The assessment of hepatic fibrosis by a transient elastography
(fibroscan), reported a value of hepatic stiffness of 3.3 kPa and of
CAP (Controlled Attenuation Parameter) of 199dB/m, indicative of
absence of fibrosis and steatosis.

Following the hepatologist’s recommendations, the patient
started treatment with Tenofovir disoproxil fumarate 245 mg/day
for her diagnosis of hepatitis B HBeAb positive with the
recommendation to check hepatitis B status (quantitative HBV-
DNA) and liver function weekly, especially during the first month
of treatment with Ribociclib.

As such, during the first cycle of treatment with Ribociclib in
September 2021, we carried out weekly evaluations of HBV DNA
levels, which significantly decreased (28 Ul/ml) and subsequently
negativized (<10 UI/ml) (Figure 1).

After three cycles of treatment with Ribociclib, in January 2022,
18FDG PET plus contrast-enhanced CT and breast MRI were
repeated (Figure 2). The patient achieved a complete metabolic
response and a partial response of disease (PR), according to
Response Evaluation Criteria for Solid Tumors [RECIST1.1 (30)].

Compared to September 2021, there were no areas of uptake at
the 18FDG PET and there was a significant reduction of the breast
site, lymph node and bone metastases in the contrast-enhanced CT
and breast MRI; revaluations were performed in May 2022, when

10.3389/fonc.2023.1184952

18FDG PET, contrast-enhanced CT and breast MRI confirmed
disease stability (Figure 3), and in September 2022 (stable disease).

Both times, HBV DNA levels continued to be undetectable.

Most importantly, treatment was well tolerated - with
hematological toxicity not more than grade 2 according to
CTCAE criteria and no need for dose reduction. No febrile
neutropenia or QTc prolongation were reported; no liver toxicity
emerged and the patient did not experience episodes of fatigue.
Moreover, despite undergoing such an intense treatment, patient’s
mood was constantly good; she did not ask or manifest need of
psychological support and, to the date, patient shows a positive
thinking and feelings of gratitude (Figure 4).

Discussion

Female breast cancer is the leading diagnosed tumor worldwide;
prognosis and treatments are related to tumor stage at time of
diagnosis, and for women with non-metastatic disease (almost 65%
(31, 32), therapeutic goals are tumor eradication and
preventing recurrence.

Metastatic breast cancer is still an incurable disease;
nevertheless, outcomes are constantly improving and new drugs
are challenging this statement.

In the choice of treatment, patient status and comorbidities play
a key role; infectious diseases like hepatitis often lead to the
discontinuation of treatment for patients undergoing cytotoxic
therapy, and many chemotherapy regimens - like anthracycline-
based therapy - have been proven to cause HBV reactivation in
patients with solid organ malignancies (33-35).

In our case, the first choice we had was which c¢dk4/6 inhibitor
pick for the patient; even if a direct head-to-head comparison is not
available, no clear differences in terms of efficacy between the three
molecules emerge from clinical practice and clinician’s choice is

HBV DNA 4383 UlmlL 28 UlmL
Start of therapy

with TENOFOVIR

AST 12 UL 1SUIlL

ALT 1o 12uL

ALP s UL 101 UL

<10 Ul/mL -

Flrst cychk of
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FIGURE 1

Five month-follow up of HBV DNA and liver function parameters: while HBV DNA decreased after Tenofovir, no signs of toxicity occurred after

combination of Ribociclib + ET + Tenofovir.
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September 2021

Figure 2a

FIGURE 2

January 2022

Figure 2b

(A) CT scan showing thickened right mammal gland. (B) Revaluation CT scan showing reduced mass in infero-external right breast.

usually based on patient’s age and comorbidities and on the slightly
different specter of toxicities, however the switch among inhibitors
is allowed if the patient develops severe side effects from one of
those (20).

In our case, possible interactions with antivirals agents were a
major factor to evaluate.

In order to avoid drug-induced excessive toxicities and further
liver injury in the context of HBV infection, a discussion with
hepatologist was hold and pharmacokinetics of all three cdk4/6
inhibitors were considered, as no clear contraindication emerged
from a first analysis of literature.

Ribociclib is well known as a strong CYP3A4/5 time-dependent
inhibitor, especially when administered at a 600 mg dose, and the

FDA leaflet recommends to avoid the concomitant use of strong
CYP3A inhibitors (e.g., clarithromycin, protease inhibitor for HIV
and HCYV, itraconazole, ketoconazole, posaconazole, voriconazole,
ritonavir, saquinavir) because of the increase in the recorded CDKis
plasma exposure that may lead to increased toxicity (36). Clinical
decision about choosing Ribociclib for our patient was based on
efficacy data showed by MONALEESA-7 trial, the only available
study enrolling premenopausal MBC patient exclusively, and on the
favorable manageability profile reported in patients with
impairment of hepatic or renal function (37, 38).

As our hepatologist did not find any contraindication for use of
Ribociclib in this patient and considered Tenofovir disoproxil fumarate
a valid option to further protect from HBV reactivation during

Figure 3a

Figure 3¢

Figure 3b Figure 3d

FIGURE 3

Figure 3e

Figure 3f

(A) Breast MRI of September 2021: multiple lesions occupying an area of 90x33x60mm in the right breast, below, 18-FDG PET scan of September
2021 showing contrast enhancement in right breast (B). (C) Breast MRI of January 2022: subcutaneous nodules at infero-external and infero-internal
right quadrants, with no 18- FDG uptake (see below, D). (E) Breast MRI of May 2022: subcutaneous nodules at infero- external and infero-internal

right quadrants, with no 18-FDG uptake (see below, F).
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September 2021:
Diagnosis of metastatic luminal
breast cancer and Hepatitis B

Therapy with
Tenofovir and
Ribociclib plus ET

FIGURE 4
Timeline with most relevant case episodes.

oncological treatment, we assessed this association as a reasonably low
risk therapy for both oncological and infective diseases.

To the best of our knowledge, no case of concomitant Cdk 4/6
inhibitor + ET and anti HBV infection therapy were previously
reported; the decision to treat this patient is supported by the good
safety profile showed by Ribociclib both in the MONALEESA trial
series and in the clinical practice and noticing the patient’s good
Performance Status.

Conclusions

We observed that it is possible to treat Hepatitis B-infection and
Luminal metastatic breast cancer with both eradicative and
oncological therapies; the result obtained in terms of any grade
toxicity, the liver functionality remaining unaffected, the
maintained response and the control over HBV infection are an
encouraging outcome for treatment of patients with luminal breast
cancer and hepatitis B infection.

Clearly, a risk-benefit assessment is always necessary for every
patient; Authors’ proposition is that the report can be useful to
clinicians when treating patients with important comorbidities like
hepatitis B infection.

We also believe that this case strengthens the importance of a
multidisciplinary approach. After discussion with hepatologist we
were able to choose adequate therapy and, importantly, our young
patient was supported from a dedicated nutritionist and, if needed,
psycho-oncologist in order to fully address any potential need; this
kind of integrated management allow to assess patient-tailored
therapies that generally grant a prompt support and care of
adverse events.

However we recognize that this integrated approach is not
always feasible in all institutions and, eventually, collaboration
among smaller and larger institutions should be implemented in
order to deliver the same standard of care to all patients.
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Objective: To underscore the paramount significance of incorporating
comprehensive rehabilitation therapy as a crucial aspect of managing
lymphedema caused by breast cancer surgery, and to illuminate our first-hand
experience and insights gained in utilizing this approach.

Methods: We present a case report of a breast cancer survivor who had been
suffering from persistent left upper-limb edema for over 15 years, who was
effectively treated with a combination of conventional rehabilitation (seven-step
decongestion therapy) and a comprehensive rehabilitation program (seven-step
decongestion therapy, along with core and respiratory function training, as well
as functional brace wearing). The efficacy of the rehabilitation therapy was
evaluated through a comprehensive assessment

Results: Although the patient underwent the conventional rehabilitation program
for one month, only limited improvement was observed. However, after an
additional month of comprehensive rehabilitation treatment, the patient
exhibited significant improvement in both lymphedema and the overall function
of the left upper limb. The patient’s progress was quantified by measuring the
reduction in arm circumference, which demonstrated a notable decrease.
Furthermore, improvements in joint range of motion were observed, with
forward flexion of the shoulder enhancing by 10°, forward flexion improving by
15°, and elbow flexion increasing by 10°. In addition, manual muscular strength
tests revealed an increase in strength from Grade 4 to Grade 5. The patient’s quality
of life was also significantly improved, as evidenced by the increase in the Activities
of Daily Living score from 95 to 100 points, the increase in the the Functional
Assessment of Cancer Therapy: Breast score from 53 to 79 points, and the
decrease in the Kessler Psychological Distress Scale score from 24 to 17 points.
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Conclusion: While seven-step decongestion therapy has been shown to be
effective in reducing upper-limb lymphedema caused by breast cancer surgery, it
has limitations in treating more chronic cases of the condition. However, when
combined with core and respiratory function training and functional brace
wearing, seven-step decongestion therapy has been shown to be even more
effective in reducing lymphedema and improving limb function, ultimately
leading to significant improvements in quality of life.

KEYWORDS

breast cancer, comprehensive rehabilitation, functional brace, lymphedema, seven-step

decongestion therapy

Introduction

Breast cancer is the most frequently diagnosed cancer in women
worldwide and continues to be a major global health concern (1).
Breast cancer incidence rates have been rapidly increasing in China,
making it one of the countries with the fastest-growing rates of
breast cancer globally (2-4). The primary components of breast
cancer surgery typically involve lumpectomy and/or axillary lymph
node dissection (2). Lymphedema can result from a variety of
causes including surgery, chemotherapy, radiotherapy, trauma,
infection, obesity, and other personal factors (4, 5).

Breast cancer-related lymphedema (BCRL) affects about 25% of
women following breast cancer surgery (1, 6). This condition can have
a significant impact on a patient’s quality of life and physical function
(5-7).The typical treatments for breast cancer-related lymphedema
(BCRL) involve lymphatic drainage, elastic bandaging, exercise
therapy, and other rehabilitation therapies. However, there is limited
research on comprehensive rehabilitation therapy for this condition (8-
13).Therefore, a case is presented to underscore the significance of
comprehensive rehabilitation and share the practical knowledge gained
from it. The presented case involves a patient who experienced left
upper-limb swelling for over 15 years following breast cancer surgery.
Although conventional therapy yielded limited improvements, the
patient’s lymphedema and function markedly improved after
undergoing one month of comprehensive rehabilitation.

Case presentation

A 51-year-old female patient who had undergone modified
radical resection of her left breast and had been experiencing left
upper limb swelling and limited mobility for 15 years was admitted
to the Affiliated Haikou Hospital of Xiangya Medical College. The
patient underwent modified radical resection of the left breast on
April 19, 2006, following preoperative chemotherapy, due to a mass
found on the left breast. The specific details regarding the
intraoperative lymph node dissection are unknown. However,
intraoperative pathology confirmed the mass as Grade 3 invasive
ductal cancer, and the patient received postoperative concurrent

Frontiers in Oncology

chemotherapy and radiation. The patient experienced redness,
swelling, pain, and increased skin temperature in the left upper
limb six months after the surgery. This was diagnosed as cellulitis of
the left upper limb caused by Staphylococcus aureus infection. The
patient received appropriate treatments that provided some relief
from the pain, but these treatments were irregular. Nonetheless, the
left upper limb remained swollen. As the patient was left-handed,
the swelling of her left hand had a serious impact on the quality of
life. Consequently, she sought rehabilitation treatment at
our hospital.

During the post-admission examination, it was noted that the
left upper limb and left hand were significantly swollen in
comparison with the contralateral side. However, there was no
elevation in the skin temperature and palpation revealed that the
skin was rigid, tensed, and had reduced elasticity. The left upper
extremity displayed hypoesthesia and was found to have positive
pitting and Stemmer indications. (Figure 1) Ultrasound
examination of the axilla indicated that neither the deep nor
superficial veins of the left upper limb were thrombosed. Figure 2
illustrates the specific measurement method used. Initially, the
patient underwent a conventional rehabilitation program with
seven-step decongestion therapy (14) for a duration of one
month, and Table 1 showed an improvement in patient’s left
upper lymphedema. But the rehabilitation progress was sluggish
and unsatisfactory. To enhance the progress of rehabilitation and
identify any additional factors that might be hindering the recovery,
a comprehensive rehabilitation therapy was adopted, including the
conventional seven-step decongestion therapy, the posture and
respiratory assessment combined with their corresponding
training and bracing wearing (details can be seen in the
Supplement). According to the assessment, the patient exhibited
abnormal posture, weakened strength in the respiratory and core
muscles, and was incapable of sustaining a functional position of the
left upper limb for prolonged periods. The substantial edema in the
patient’s left upper limb caused an imbalance in the strength
between the left and right sides of the body, leading to an
unnatural posture. Based on the reassessment findings, there was
implementation of core and respiratory function training as well as
utilization of a functional brace (i.e., upper arm-waist fixing brace)

frontiersin.org


https://doi.org/10.3389/fonc.2023.1046003
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Sui et al.

FIGURE 1

10.3389/fonc.2023.1046003

Left Upper Limb Lymphedema. (A: Palmar Side of Forearm, B: Dorsal Side of Forearm)

(Figure 3). A brace was designed and utilized to stabilize the lumbar
spine, prevent lateral trunk flexion, and support upper arm
abduction during upper-limb activities. The brace also reduced
weight bearing of the edematous upper limb and allowed for
extended functional activity time. A low-temp. thermoplastic
sheet brace was selected due to its good shaping properties, and
lightweight, breathability, high strength, and waterproof nature.
Appropriate sheets were chosen and limb part sizes were measured.
Low-temp. thermoplastic sheets of 3 different specifications and
models were selected based on hardness and breathability needed
for different fixations. Sheets were put in 65-70°C water and heated
for 1-3 min. Softened materials were removed, dried, and shaped.
Hook-and-loop fasteners and screws were used to fix, with padding
for protection. Elastic sleeves should be worn on affected limb
before wearing. To wear, first fix trunk part and Velcro, then upper
arm part and Velcro, and adjust to prevent skin compression.
Release Velcro every 2 hrs to relieve local pressure. Tables 2, 3

FIGURE 2
Measurement Method for Left Upper Limb Lymphedema.
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shows the changes before and after the comprehensive
rehabilitation therapy. Figure 4 shows the edema of the patient’s
left upper limb after treatment. The treatment flow chart outlined
the whole intervention process (Figure 5).

The Ethics Committee of the Affiliated Haikou Hospital of
Xiangya Medical College has approved this case report, and the
informed consent of the patient has been obtained.

Discussion

The prevailing view in most studies is that lymphatic obstruction
is the underlying cause of upper-limb lymphedema following breast
cancer surgery, although the exact mechanism remains unclear (7-
10). Treatments such as surgery, radiotherapy, chemotherapy, and
others can obstruct or disrupt the lymphatic return pathway in the
upper limb. This can result in the retention of lymphatic fluid
containing protein in the interstitial spaces, which in turn increases
colloid osmotic pressure, and reduces the difference between inside
and outside the blood vessels. Consequently, a large amount of fluid
from capillaries can enter these spaces. Proteins present in the
lymphatic fluid can stimulate the multiplication and release of
collagen by fibroblasts. This can lead to fibrosis of subcutaneous
tissue and inhibit lymphatic return. As a result of lymphatic vessel
dilation and edema, the walls of the vessels thicken and harden and
fibrinogen emboli may appear in the lumen. This obstructs lymphatic
return and sets off a vicious cycle (1).

According to Stanton et al. (15) long-term work overload can
lead to lymphatic pump failure and decompensation, which can
eventually cause lymphedema. Bates (16) proposed the concept of
interstitial space pressure dysregulation as the potential mechanics
for this process. In addition, postoperative radiation can lead to
fibrosis and further damage to lymphatic vessels regions such as the
proximal limb, axillary, thoracic, and cervical regions where
lymphatic fluid stagnation already exist. This can negatively
impact, lymphatic return and worsen limb edema.
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TABLE 1 The changes of arm circumference within the first month.

10.3389/fonc.2023.1046003

Measured from the ulnar styloid process to the shoulder with 10 cm intervals

10 cm 20 cm 30 cm

2 215 32 37.5 37 44

3 21 32 38 36.5 435
4 21 32 38 36 43

5 20.5 317 37.8 37 43.7
6 205 317 37 37 43

7 219 325 38 37 425
8 20.4 323 37.5 37 43

9 20 323 376 37 43

10 205 323 375 372 435
11 20.5 32 37 36.8 43,5
12 20 32 37 36.9 435
13 20 32 37 36.8 435
14 20 32 36.5 36.5 435
15 19.5 32 36.5 36.6 435
16 20 319 36.6 36.4 435
17 19.5 319 36.4 36.5 435
18 19.5 31.8 36.2 363 435
19 20 319 36 363 435
20 19.5 31.8 36.1 36.2 435
21 19.5 31.8 358 36.2 435
22 19.5 31.8 357 363 435
23 19.5 31.8 355 36.2 435
24 19 317 354 36 435
25 19 317 35 36 435
26 19 317 35 36 435
27 19 317 35 36 435
28 19 317 35 36 435
29 19 317 35 36 435
30 19 317 35 36 435

The standard treatment for lymphedema is complex
decongestion therapy (CDT) (17). This therapy typically includes
skin care, lymphatic drainage, elastic bandage compression, and
functional exercise of the affected limb as part of the international
CDT protocol (18). Seven-step CDT is a technique that aims to
open the lymphatic route, soothe scar tissue, and utilize CDT-based
pressure wave therapy. Shockwave therapy has shown potential
benefits on BCRL according to previous research. One possible
mechanism is that stretching the skin creates tension on the

Frontiers in Oncology

anchoring filaments, which pulls the Lymphatic Endothelial Cell
(LEC) and allows junctions between LEC to open. This leads to fluid
accumulation entering the lymphatic lumen and being collected.
Additionally, it has been found to reduce skin fibrosis and impact
the molecular aspects of lymphangiogenesis. However, there are
limitations to its use, including mode (focused or radial), treatment
area, treatment frequency, and dosage. When used in combination
with CDT, it can significantly improve the volume of lymphedema,
skin thickness, and shoulder ROM compared to CDT used alone.
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FIGURE 3
Functional Brace Wearing.

10.3389/fonc.2023.1046003

However, the current evidence for these benefits is of low
methodological quality (19). Previous studies have demonstrated
that seven-step CDT following breast cancer surgery can be effective
in improving upper-limb lymphedema (14). Liposuction is also a
potential treatment option for reducing lymphedema volume, but in
this case, the patient declined this treatment option.

In the present study, one month after undergoing seven-step
decongestion therapy, the patient’s left upper-limb lymphedema was
alleviated. However, further reduction in the lymphedema was not
observed after reaching a certain extent, possibly due to subcutaneous
tissue fibrosis from prolonged lymphedema after breast cancer
surgery (1). It may also have been caused by CDT limitations (1,
18, 19). Thereafter, through the combination of respiratory and core
muscle training and the correction of abnormal posture, the patient’s
left upper-limb lymphedema was significantly reduced.

Lymphatic fluid circulation relies on various factors such as
lymphatic vessel pumping, arterial pulsation, muscle contraction,

TABLE 2 The changes of arm circumference.

and thoracic negative pressure. The radical mastectomy of breast
cancer destroyed lymph nodes, lymphatic pumping, and
surrounding muscle tissue, reducing lymphatic return. In the
present study, the patient’s strength, endurance, and coordination
of respiratory muscles were improved, abnormal posture was
adjusted, thoracic mobility was improved, thoracic breathing
ability was strengthened, and thoracic negative pressure was
increased, which boosted lymphatic return (20). Additionally,
active rehabilitation has been shown to promote lymphatic vessel
regeneration and restore vessel continuity by establishing extensive
connections between normal tissues containing lymph nodes and
those with lymphatic obstruction, thereby draining excessive
lymphatic fluid from edematous areas (11).

We studied the effects of comprehensive rehabilitation therapy
on lymphedema following breast cancer surgery. The patient in this
case had persistent lymphedema and subcutaneous tissue fibrosis as
a result of the surgery, and the efficacy of seven-step CDT alone was

Measured from the ulnar styloid process to the shoulder with 10 cm intervals

Comparisons

0 10 cm 20 cm 30 cm 40 cm
The left arm circumference (cm)
Before the comprehensive treatment 22 33 38 38 45
After the comprehensive treatment 18 27 33.8 33 39
The difference (D) between the two arms about the circumference (cm)
Before the comprehensive treatment 14 11.5 9 14 9
After the comprehensive treatment 10 5.5 4.8 9 3
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TABLE 3 Changes before and after the comprehensive treatment.

Before the comprehensive treatment

10.3389/fonc.2023.1046003

After the comprehensive
treatment

Range of forward flexion 0-150° 0-160°
Range of shoulder abduction 0-140° 0-155°
Range of elbow flextion 0-110° 0-120°
Range of wrist dorsiflex 0-30° 0-30°

Muscle strength Grade of the left upper arm

The deltoid and extensor carpi muscles are Grade 4, with a grip strength of

10 kg; another muscles are Grade 5.

All the left upper arm muscles
are Grade 5.

The Barthel Index of Activities of Daily Living 95 100
(ADL), (points)
The Functional Assessment of Cancer Therapy: 53 79
Breast (FACT-B), (points)
Physical well-being 10 13
Social/family well-being 15 20
Emotional well-being 3 15
Functional well-being 15 18
Additional concerns 10 13
Kessler Psychological Distress Scale, (points) 24 17

FIGURE 4

Left Upper Limb Lymphedema After Treatment.
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FIGURE 5
The flow chart of treatment.

limited in the sequelae stage of breast cancer surgery. Moreover, by
conducting a targeted assessment of the patient’s dysfunction, we
were able to identify the underlying cause and provide specific
training. Additionally, a custom auxiliary brace was used to correct
the malfunction.

Conclusions

Seven-step decongestion therapy is a useful treatment option
for managing upper-limb lymphedema in the aftermath of breast
cancer surgery. However, this therapy may have limitations for
patients with chronic and prolonged conditions. To address these
challenges, a comprehensive rehabilitation approach can be
employed, which combines seven-step decongestion therapy with
core and respiratory function training, and functional brace
wearing. This combined approach has been shown to significantly
improve lymphedema symptoms, enhance limb function, and
ultimately lead to an improved quality of life for patients with
long-standing lymphedema.
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Breast mass as the first sign of
metastasis from rectal
carcinoma: a case report and
review of the literature

Jiawei Xu'?, Chao Liu®', Chengdong Yu*, Tenghua Yu®™,
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We present a case report of a 41-year-old woman who developed a left breast
mass 18 months after undergoing Dixon rectal cancer surgery. The purpose of
this case report is to highlight the possibility of breast metastases in patients with
colorectal cancer and emphasize the importance of careful evaluation and
follow-up as well as timely and accurate diagnosis and management of the
metastatic disease. During the physical examination in 2021, we noted that the
lower border of the mass was 9 cm from the anal verge and that it occupied
approximately one-third of the intestinal lumen. A pathological biopsy revealed
the mass in the patient’s intestinal lumen was a rectal adenocarcinoma. The
patient underwent Dixon surgery for rectal cancer and received subsequent
chemotherapy. The patient had no prior history of breast-related medical
conditions or a family history of breast cancer. During the current physical
examination, we discovered multiple lymphadenopathies in the patient’s left
neck, bilateral axillae, and left inguinal region, but none elsewhere. We observed
a large erythema of about 15x10 cm on the patient’s left breast, with scattered
hard nodes of varying sizes. Palpation of the area beyond the upper left breast
revealed a mass measuring 3x3 cm. We conducted further examinations of the
patient, which revealed the breast mass and lymphadenopathy on imaging.
However, we did not find any other imaging that had significant diagnostic
value. Based on the patient’s conventional pathology and immunohistochemical
findings, combined with the patient’s past medical history, we strongly suspected
that the patient’'s breast mass was of rectal origin. This was confirmed by the
abdominal CT performed afterward. The patient was treated with a
chemotherapy regimen consisting of irinotecan 260 mg, fluorouracil 2.25 g,
and cetuximab 700 mg IV drip, which resulted in a favorable clinical response.
This case illustrates that colorectal cancer can metastasize to unusual sites and
underscores the importance of thorough evaluation and follow-up, particularly
when symptoms are atypical. It also highlights the importance of timely and
accurate diagnosis and management of metastatic disease to improve the
patient’s prognosis.
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Case

Without any previous history of breast-related illness or family
history of breast cancer, a 41-year-old female patient presented at our
hospital with a lump in her left breast that had been present for 2
months. In 2021, the patient underwent a physical examination,
during which it was noted that the lower border of the mass was 9 cm
from the anal verge and occupied approximately one-third of the
intestinal lumen. The patient’s initial treatment for rectal cancer was
completed at Wannian County People’s Hospital. A pathological
biopsy confirmed the presence of rectal low-differentiated
adenocarcinoma, which was graded as rectal adenocarcinoma stage
III (T3N2MO) (Figure 1). The immunostaining results showed CDX-
2(+), CK8/18(+), CgA(-), Syn(-), Her-2(1+), CD34(suggestive of
vascular tumor embolus), D2-40(+), S-100(suggestive of nerve
invasion), CK20(+), and Ki-67 about 90% (+). After undergoing
Dixon surgery for rectal cancer, the patient received subsequent
chemotherapy without prior neoadjuvant therapy. The exact
regimen and doses of the patient’s chemotherapy consisted of 5
courses of bevacizumab 400 mg along with oxaliplatin 200 mg IV
drip after surgery, and oral capecitab 1.5 g twice daily for 14
consecutive days. Every 21 days is a cycle. The patient with rectal
cancer did not receive radiotherapy. The reason for not proceeding

FIGURE 1

The pathology and immunohistochemical staining of rectal cancer specimens in the first operation. Show an irregular glandular growth pattern with
intraglandular necrotic debris, with a large nucleus, hyperchromatic nuclei, obvious nuclear atypia, cytoplasmic depletion, red staining, and invasive
growth. ((A), H&E stain, x100), ((B), H&E stain, x200), Immunohistochemical staining revealed that the rectal cancer cells were positive for CK20 ((C)
x100). Upon pathological examination of the breast tumor specimen, malignant cells were observed along with normal breast tissue. The glandular
epithelium was found to proliferate into papillary and tubular structures, with large nuclei, with hyperchromatic nuclei, obvious nuclear -atypia, and
cytoplasmic depletion. The cells exhibited invasive growth, with no carcinoma in situ component detected. (D, H&E stain, x100), (E, HGE stain,
%x200), Immunohistochemical staining revealed that the breast tumor cells were positive for CK20 (F x100), CDX-2 (G x100), Villin (H x100), and

were negative for GATA-3 (I X100).
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with radiotherapy was that the patient strongly rejected this
treatment option. However, patient’s initial treatment for rectal
cancer was considered successful until she presented with a lump
in her left breast 18 months later.

Physical examination revealed multiple enlarged lymph nodes
in the left neck, bilateral armpits, and left groin area. A large red
swollen area of approximately 15 x 10 cm was observed in the left
breast with hard nodules of various sizes scattered around it
(Figure 2). Palpation of the left breast also revealed a 3 x 3 cm
lump outside the upper part. The patient’s other physical
examinations were negative, and the tumor markers (CEA, CA
19-9, CA 15-3) were all in the normal range.

A breast color doppler ultrasound revealed edema and
thickening of the subcutaneous soft tissue in the patient’s left
breast, along with multiple irregular low echo images in the
thickened area. The largest image measures 21 x 10 mm in
extent. The patient’s chest CT confirmed an enlargement in the
volume of the left breast, irregular thickening of the skin, and the
presence of soft tissue shadows with unclear boundaries.
Furthermore, the multiple swollen lymph nodes previously
detected in the breast color ultrasound were also confirmed by
chest CT. Fortunately, the patient’s head CT, abdominal ultrasound,
and gynecological ultrasound did not reveal any abnormal changes,
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FIGURE 2
Large redness and swelling visible in the left breast at the time of
presentation

but the patient strongly refused to undergo the mammogram
examination due to her complaint of being unable to tolerate the
pain associated with it (Figure 3).

To determine the nature of the patient’s breast lump, we
performed a rough needle puncture. Routine pathological showed
that the lump we took showed an adeno-tubular arrangement with
large nuclei and heteromorphism, which was considered to be an

10.3389/fonc.2023.1211645

invasive carcinoma, while immunohistochemistry suggested ER(-),
PR(-), HER-2(0), GATA-3(-), CDX-2(+), CK20(+), Villin(+), Ki-67
(+,70%) (Figure 1).

Based on the patient’s medical history and positive rectal cancer
marker on immunohistochemistry, we suspected that the breast mass
was of rectal origin. To investigate further, we performed an abdominal
CT examination which revealed bowel wall thickening at the
anastomotic orifice, nodules in the adjacent peri-intestinal space, and
multiple enlarged lymph nodes in the left inguinal region, parietal iliac
vessels, and retroperitoneum. Due to these findings, we strongly
recommended that the patient undergo an enteroscopy and biopsy
to confirm the diagnosis. However, the patient declined the procedure
due to economic constraints and concerns about discomfort.

Although we did not obtain the results of the enteroscope, our
multidisciplinary team (MDT) team, evaluated the patient’s medical
history and physical examination, combined with the patient’s
imaging examination and pathological findings, and eventually
diagnosed the patient as having recurrent rectal cancer with a
breast mass as the initial symptom. Given the suspected origin of
the breast mass from the alimentary canal, the patient was
transferred to the Department of Gastrointestinal Oncology for
treatment. As our department specializes in breast surgery, we
deemed it appropriate to transfer the patient to a department that
could provide more specialized care for her condition. The patient
was treated with a chemotherapy regimen of irinotecan 260 mg and
fluorouracil 2.25 g combined with cetuximab 700 mg intravenous
drip. The patient was last evaluated on February 21, 2023, the
patient underwent an abdominal CT scan which showed that
several small nodules with a short diameter of less than 1 cm in
the adjacent peri-intestinal space were smaller than before, and the
enlarged lymph nodes in the left inguinal region, adjacent to the

FIGURE 3

MRI image shows (A, B) enlarged left breast with multiple foci of scattered abnormal enhancement and enlarged lymph nodes in the left axilla,
Ultrasound shows (C) thickened subcutaneous soft tissue in the left breast and multiple irregular hypoechoic areas, CT shows (D) uneven thickening
and enhancement of the rectal anastomosis wall with small nodules in the adjacent peri-intestinal space.
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iliac vessels and the retroperitoneum were slightly reduced
(Figure 4). These findings suggest a positive response to the
chemotherapy treatment.

Discussion

Breast tumors of non-breast origin are rare, accounting for only
a small proportion of all breast tumors (approximately 0.4%-5.1%).
While metastases to the breast are known to occur in a variety of
primary cancers, including lymphoma, lung cancer, and melanoma,
rectal cancer as the origin of a breast mass is an extremely rare
occurrence (1-4). Rectal cancer is the third most common cancer
worldwide, with approximately 20% of patients presenting with
distant metastases at the time of initial diagnosis, but such
metastases are typically found in the lymph nodes, liver, or lungs
(5, 6). Because of the differences in the follow-up and management
of the two diseases, a definite diagnosis of these extremely rare cases
is the key to the whole process.

Patients with breast metastases from rectal cancer present a
diagnostic challenge for clinicians as there is no specific non-
invasive method to confirm the diagnosis. Clinical manifestations
are non-specific and usually include palpable breast lumps and
axillary fossa lymphadenopathy. Skin changes such as redness and
swelling may also be present, but these can also be seen in advanced
breast cancer. Diagnosis based on clinical manifestations alone is
difficult (7-9). Unfortunately, patients with breast metastases from
rectal cancer do not show any specific imaging characteristics, and
previous literature reports have shown that a significant number of
patients are misdiagnosed with primary breast cancer or benign
breast diseases based on imaging alone (10, 11).

When evaluating breast masses on ultrasound, it is important to
distinguish those that originate from non-breast tissues from breast
cancer. On ultrasound images, breast masses that originate from non-
breast tissues tend to appear as well-defined, round, or oval, hypoechoic
masses. They can be single or multiple and may occasionally appear

10.3389/fonc.2023.1211645

minimally micro-lobulated. In contrast, breast cancer on ultrasound
images is typically observed as a solid mass with irregular borders,
microlobulations, or a spiculated appearance. Additionally,
calcifications may appear as bright white spots in breast cancer cases.
Breast masses that arise from non-breast tissues can appear as non-
specific occupying lesions on mammography. These lesions may be
solitary or multiple and usually lack calcifications. Additionally, diffuse
opaque structural deformities may be observed in one or both breasts.
In contrast, breast cancer typically appears as masses or clusters of
microcalcifications on molybdenum target images. These small mineral
deposits in breast tissue may be accompanied by irregular borders,
microlobulations, or a spiculated appearance (10, 12-18).

Diagnosing breast metastases from rectal cancer is an uncommon
and challenging task that typically requires routine pathology and
immunohistochemistry. It is crucial to provide the pathologist with
the patient’s complete medical history at the time of presentation. In a
retrospective study of 85 non-breast-derived breast tumors, some
cases of misdiagnosis occurred due to the pathologist’s inadequate
knowledge of the patient’s past medical history. Therefore,
emphasizing the importance of proper documentation and
communication of past medical history is vital for accurate
diagnosis and treatment (11).

Rectal cancer metastasizing to the breast is a rare occurrence, and
there is limited understanding of its pathogenic mechanism. The
presence of such metastasis indicates widespread dissemination and
is associated with an unfavorable prognosis. Due to the scarcity of
reported cases, it is challenging to determine the exact incidence of this
metastatic pattern. To address this, we conducted a comprehensive
analysis of existing literature, including 20 previously reported cases
along with our own case.

Among the reported cases, a total of 20 patients had rectal
cancer metastasizing to the breasts. The average age of these
patients was 43.15 years, with the majority being females (Table
1). Only three male patients were reported. In 40% of the cases,
metastasis was observed exclusively in the breast. In 45% of the
cases, metastasis was observed in the left breast, consistent with our

Mucus and blood in stools
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FIGURE 4

chemotherapy

Breast mass from rectal cancer chemotherapy

Oct.2022 Dec.2022

Cc

Shows a comparison of abdominal CT images before and after chemotherapy in the patient, and a timeline of the patient’s treatment process

(A) displays the image prior to chemotherapy, with enlarged lymph nodes indicated by the arrow. (B) displays the image after three courses of
chemotherapy, with the same lymph nodes indicated by the arrow now visibly reduced in size. This visual representation highlights the effectiveness
of chemotherapy in reducing the size of the lymph nodes. (C) timeline of the patient's treatment process.
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TABLE 1 Reported cases of rectal cancer metastasis to breast.

10.3389/fonc.2023.1211645

Study Age Sex Metastasis Time of detection of breast metastases Location
Our study 41 Female Breast 18months Left
Alexander, H.R (19). 28 Female Breast/Lung 11months Right
Lal, R (20). 69 Female Breast/Skin/Lung/Brain lyear Left
Mihai, R (21). 53 Female Breast/Skin 5Syears Left
Hisham, R.B (22). 32 Female Breast/Spine/Left eye/Orbit. 10months Left
Wakeham, N (23). 45 Female Breast/Liver/Lung 2 years Bilateral
Li, H.C (24). 54 female Breast/Lung/Skull base/Neck soft tissue >2months Right
Singh, T (1). 42 Female Breast/Liver/Brain 11months Right
Wang, T (7). 38 Male Breast/Liver 7 years Right
Sanchez, L.D (25). 36 Female Breast 4months Left
Makhdoomi, R (9). 28 Female Breast 9months Bilateral
Ahmad, A (26). 28 Female Breast/Liver 0 Right
Aribas, B (27). 21 Female Breast/Skin 10months Bilateral
Shah, M (28). 49 Female Breast 4months Left
Hejazi, S.Y (29). 47 Female Breast 3 years Left
Hsieh, T.-C (30). 44 Female Breast/Liver 7months Right
Cheng, X (31). 57 Male Breast 5months Right
Wang, D.-D (32). 59 Female Breast 16months Left
Gur, E.O (33). 47 Male Breast 2 years Bilateral
Dai, Y (34). 45 Female Breast/Lung 3 years Left

case, while in 15% of the cases, both breasts were affected. The onset
of metastasis varied, with reports ranging from as early as 2 months
to as late as 7 years. In our case, metastasis was diagnosed within 18
months from the initial diagnosis of rectal primary.

In pathology, breast metastasis diagnosis relies on several
histological features, such as well-defined margins, the absence of
ductal carcinoma in situ, and no calcifications. However, even with
the patient’s medical history, making a definitive diagnosis through
conventional pathology can be challenging due to the similar
growth patterns between metastatic carcinoma and breast cancer.
Additionally, rare primary breast tumors, such as primary signet-
ring cell carcinoma (SRCC), can be easily confused with metastatic
signet-ring cell carcinoma, further complicating the diagnosis (2,
35). Distinguishing between rectal SRCC and other types of cancer
based solely on pathological staining can be challenging. However,
the good news is that colorectal SRCC can be distinguished using
immunohistochemical markers such as negative Hep Par 1,
homogeneous CDX2 nuclear positivity, and diffuse cytoplasmic
positivity for MUC2 and MUC5AC in colorectal SRCC (36, 37).

Immunohistochemistry plays a critical role in diagnosing breast
metastases from colorectal cancer by using specific markers to
differentiate them from primary breast cancer. Two commonly used
markers in gastrointestinal cancer diagnosis are cytokeratin proteins 20
(CK20) and cytokeratin proteins 7 (CK7). Typically, gastrointestinal
cancer will show positive staining for CK20 and negative staining for
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CK7 (38). while primary breast tumors show the opposite staining
pattern (39, 40). The literature suggests that CK20 expression in breast
metastatic tumors is less than 6%, whereas the expression of CK7 in
gastric metastasis of breast cancer can be as high as 83.34% (41). While
CDX2 is useful in determining alimentary-derived tumors, it’s
important to note that while most colorectal carcinomas are CDX2
positive, many gastric carcinomas are not. Furthermore, CDX2 can also
be expressed in carcinomas originating from other sites, such as
ovarian, endometrial, and lung cancers. Contrary to beliefs, studies
have reported some expression of CDX2 in breast cancer, although at
lower levels compared to gastrointestinal tumors. Nonetheless, CDX2
can still be a useful marker in distinguishing alimentary-derived
tumors, including metastases from colorectal cancer, from primary
breast cancer (40, 42, 43).

Although SATB2 expression is generally higher in breast, colon,
and rectal cancer patients compared to their normal counterparts, it
is utilized as a diagnostic marker for colorectal cancer in clinical
settings (44-46). This is because SATB2 has been found to exhibit
high sensitivity and specificity in colorectal adenocarcinoma,
making it a valuable tool for diagnosing the disease. Studies have
also suggested that a three-marker panel comprising SATB2, CK20,
and CDX2 can improve the detection of metastatic colorectal cancer
in liver biopsy tissues (47, 48).

As relatively specific markers for breast-derived tumors, GATA
binding protein 3 (GATA3), mammaglobin, and gross cystic disease
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fluid protein 15 (GCDFP-15) are useful in determining the origin of the
tumor (49). The expression level of GATA3 in breast cancer tissues is
significantly higher than that of GCDFP-15 and mammaglobin,
making GATA3 a particularly useful marker in identifying the origin
of a tumor (50, 51). Moreover, GATA3 has higher sensitivity in
identifying primary and metastatic breast cancers, and its expression
rate in metastatic breast cancer is even as high as 96% (52). In addition,
the combination of Villin and CDX2 markers can be used to infer the
primary site of metastatic cancer. When both markers show positive
staining, the tumor can be considered alimentary tract origin (53). The
immunohistochemical results of this case were GATA-3 (-), CDX-2
(+), CK20 (+), and Villin (+). Based on these findings, the patient was
eventually diagnosed with rectal cancer breast metastasis by our
Multidisciplinary Team (MDT).

Systemic therapy is typically the preferred treatment for rectal
cancer breast metastasis, while surgery is not usually recommended.
However, metastasectomies are increasingly used for colorectal liver
and lung metastases and have shown the potential to prolong
survival in patients with well-controlled primary disease (24).
Studies have also demonstrated that, when combined with
effective systemic chemotherapy, metastasectomy can be an
effective means of extending the survival of these patients (3, 25).
Due to the rarity of this condition, there is no consensus on the best
chemotherapy regimen to obtain definitive results. Considering the
patient’s individual circumstances, a chemotherapy regimen
consisting of 260 mg of irinotecan and 2.25 g of fluorouracil, in
addition to a 700 mg intravenous drip of cetuximab, was
administered. In addition, targeted therapy has emerged as a
promising option for the treatment of metastatic colorectal
cancer. Studies have shown that the use of targeted therapies can
significantly improve the median overall survival in these patients,
with a reported median survival of approximately 30 months (54).

The prognosis for patients with rectal cancer breast metastasis is
poor, with a mean survival period of 14.9 months (30). Obviously,
diagnosis is the most critical part of the entire process, which means
that patients can receive early targeted treatment and improve
their prognosis.
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Breast carcinoma is the most prevalent cancer among women globally. It has
variable clinical courses depending on the stage and clinical-biological features.
This case report describes a 56-year-old female with invasive breast cancer
without estrogen or progesterone receptor expression, with apocrine
differentiation, and with no germline variants in the BRCA1 and BRCA2 genes.
Throughout the clinical course, the patient exhibited discordant results for HER2 in
immunohistochemistry and in situ hybridization. During the second relapse, the
disease displayed apocrine microscopic features. The tumor underwent analysis
for the androgen receptor, GCDFP-15, RNA-seq, and whole-genome sequencing
(WGS) to identify the breast cancer subtype and to characterize the cancer
genome. Our bioinformatic analysis revealed 20,323 somatic SNV/Indels,
including five mutations in cancer-related genes that are believed to be
responsible for the tumor’s development. Two of these mutations were found in
the PIK3CA and TP53 genes. Furthermore, the tumor tissue exhibited large copy
number alterations to the chromosomes, which could impact gene expression
through complex mechanisms and contribute to the tumor phenotype. Clustering
algorithms applied on RNA-sequencing data categorized this cancer as a HER2+
subtype. The second-line capecitabine chemotherapy treatment is ongoing, and
the patient is responding well. Bioinformatic results support the current treatment
decision and open the way to further treatments.

KEYWORDS

breast cancer, personalized medicine, NGS, bioinformatic analysis, apocrine carcinoma,
case report, WGS, nanopore
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Introduction

Breast cancer is the most common cancer in women, with over
2.2 million new cases and 684,996 deaths reported in 2020 (1).
While early-stage (non-metastatic) breast cancer is considered
curable, advanced or metastatic breast cancer remains incurable,
with a 5-year survival rate of only 38% (2). However, therapeutic
strategies are available. Their main goal is prolonging survival and
maintaining quality of life, and even better results can be obtained
in the oligometastatic setting (3, 4).

The tumor’s histological and molecular characteristics influence
breast cancer treatment decisions. Indeed, breast cancer is a
molecularly heterogeneous disease, and several classifications have
been developed to group tumors based on their molecular features.
Sorlie et al. classified breast cancers based on their gene expression
profile (5) into five intrinsic subtypes: Luminal A, Luminal B,
HER2-enriched, Basal-like, and Normal breast-like. Each category
has well-defined classical immunochemistry markers, such as
estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor 2 (HER2), and Ki-67 (6).
Invasive apocrine carcinoma is a rare subtype of non-luminal
breast cancer. Invasive apocrine carcinoma is HER2-positive in
~30% of cases and displays significant biological aggressiveness,
potentially related to the activation of the androgen receptor (AR)
pathway (7, 8). Identifying the correct molecular subtype is crucial
for treatment decisions because each subtype has specific
therapeutic targets and different prognoses (9). Furthermore,
germline mutation in BRCA1/2 and somatic mutations, such as
copy number alterations (CNAs) and single nucleotide variants
(SNV) in driver genes (e.g. TP53, PIK3CA), have prognostic
relevance for the therapy outcome and survival (10-13), including
in subtypes like apocrine carcinoma (14). The complexity of breast
cancer and its variability in responding to different treatments
underscores the need for personalized medicine.

In this paper, we present a case report of a patient with an ER/
PR-negative invasive breast cancer, which, from a clinical-
molecular perspective, exhibited a discordant HER2 status and
expression of the AR. At the second relapse, the tumor displayed
partial apocrine features and a pathogenetic PIK3CA mutation. The
clinical course could be defined as oligometastatic, and the response
was obtained with both first-line paclitaxel and second-line
capecitabine combined with radiotherapy.

At the second relapse, we performed both whole-genome and
transcriptome sequencing analyses to fully characterize the tumor’s
genomic variations and gene expression. Our findings provide
insight into the molecular characteristics of this unique breast
cancer subtype and may contribute to the development of more
effective personalized treatment strategies.

Case presentation

We present the case of a 56-year-old female with no significant
medical history or family history of cancer. During routine
screening in November 2015, she was diagnosed with localized
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left breast cancer. The patient underwent a breast-wide excision
with sentinel lymph node biopsy, revealing a breast carcinoma not
otherwise specified (NOS), grade 2 according to Elston-Ellis
classification, without expression of ER or PR, and with a HER2
score of 2+ (Figure 1) but without amplification at fluorescence in
situ hybridization (FISH). The Ki-67 labeling index was 40%, and
the disease was classified as pTlc-pN1(sn). Post-operative
computed tomography scan and bone scintigraphy showed no
signs of distant metastasis. From February to August 2016, the
patient received adjuvant chemo-radiotherapy with epirubicin,
cyclophosphamide, and paclitaxel. This was followed by 45 Gy in
20 fractions on the left breast plus 5 Gy boost on the surgical bed.
BRCA1I and BRCAZ2 analysis showed no mutations.

During follow-up, in December 2020, a left supraclavicular
lymph node appeared and an 18-fluorodeoxyglucose (18-FDG)
positron emission tomography-computed tomography (PET-CT)
scan confirmed the disease relapse in five non-bulky supraclavicular
and retropectoral lymph nodes. A lymph-nodal ultrasound-guided
core biopsy revealed malignant cells from breast carcinoma that
were ER-negative and PR-negative with a HER2-score of 3+
(Figure 1) but without gene amplification at chromogenic in situ
hybridization (CISH). PD-LI1 staining with Ventana SP142 clone
was negative on tumor-infiltrating lymphocytes with an IC score of
less than 1%.

After discussing the risks and benefits of a single-agent
chemotherapy with the patient and her relatives, she received
first-line chemotherapy with Paclitaxel from February 2021 to
January 2022. This produced a partial response to the disease;
however, the chemotherapy caused persistent maximum grade
(maxG) 2 peripheral neuropathy.

In February 2022, ultrasonography and PET-CT confirmed the
clinical suspicion of oligoprogression in a new supraclavicular
lymph node at a site anterior to the previous site, and in two
internal mammary nodes.

After a multidisciplinary discussion, supraclavicular lymph
node surgical excision was performed, and histopathological
analysis showed a gross cystic disease fluid protein 15 (GCDFP-
15) positive breast carcinoma with partial apocrine differentiation
and expression of the AR in 95% of cells. The carcinoma was ER-
negative, PR-negative, and HER2 3+, but without amplification at
CISH and FISH. A revision was performed in a referral center in
Turin, Italy, and the HER2 IIC was downstaged to 2+ disease. The
histopathological samples from breast disease (2015) and the first
lymph nodal relapse were re-assessed and showed positivity for the
AR and GCDFP-15.

Next-generation sequencing (NGS) analysis was performed on
the metastatic supraclavicular lymph node using Myriapod NGS
Cancer Panel DNA. This showed a PIK3CA p.His1047Arg mutation
with an allelic frequency of 26.39%. After excluding a
dihydropyrimidine dehydrogenase (DPYD) polymorphism, the
patient began receiving second-line capecitabine in April 2022.
From June to July 2022, consolidation radiotherapy was
performed on the left infra-supraclavicular region and a local
boost of 9 Gy with maxG2 fatigue, maxG1 hand-foot syndrome
grade, and maxG2 radiodermatitis.
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GCDFP-15

FIGURE 1

Hematoxylin and eosin (H&E) and immunohistochemical stainings for human epidermal growth factor receptor 2 (HER2), androgen receptor (AR),
and gross cystic disease fluid protein 15 (GCDFP-15) in samples from diagnosis, first relapse, and second relapse. All images are obtained with 200X
magnification, except for HER2 and AR stainings of the second relapse (obtained with 400X and 100X magnification, respectively).

In November 2022, after the sixth cycle of capecitabine, a PET-
CT scan with 18-FDG showed a metabolic response at all disease
sites, without any pathological FDG-capitation.

The second-line chemotherapy is ongoing.

Genomic profiling of the tumor

Genomic DNA was extracted from peripheral blood (control)
and the metastatic supraclavicular lymph node, obtained from the
second relapse. Whole-genome sequencing (WGS) was performed
on the two samples using a PCR-free library approach and the
Novaseq 6000 System with target coverages of 60X and 120X for the
blood and tumor samples, respectively. The NVIDIA Clara
Parabricks pipelines were used to identify germline and somatic
variants, which were annotated and filtered using an in-house
pipeline (see Supplementary Materials).

No pathogenic or likely pathogenic germline variants were
found in breast cancer predisposition genes including BRCAI and
BRCA2 (15). After subtracting the germline variants from the
metastatic tumor sample, we detected 20,323 somatic mutations
(16,544 SNVs and 3,779 Indels). In particular, we identified five
mutations in five cancer-related genes (see Table 1) that could be
responsible for the tumor’s development. Two of these mutations
were classified as pathogenic according to CLINVAR (16): a
PIK3CA mutation with a variant allele frequency of 34.17%, and a
TP53 mutation with a variant allele frequency of 55.71%. CLINVAR
did not classify the mutations in NFB2, ATM, or BTK as clinically
significant. CANCERVAR software classified the mutation in
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NFKB?2 as having uncertain significance (tier III) based on three
types of evidence. It classified the mutation in ATM as potentially
clinically significant (tier II) based on 8 types of evidence. Lastly, the
mutation in BTK was classified as having uncertain significance
based on seven types of evidence.

To investigate the type of somatic mutations and the processes
that generated them, we performed a mutational signatures analysis
using R (www.r-project.org) and the MutationalPatterns (17) R/
Bioconductor package. We analyzed 16,544 SNVs for mutational
changes and sequence context, and generated a plot that represents
the abundance of somatic SNVs in trinucleotide contexts, which is
also defined as a 96-mutational profile (see Figure 2A). The most
abundant nucleotide change was T>G, and the most enriched
mutational trinucleotide contexts were ATT and TTT sequences.
We decomposed the 96-mutational profile into different mutational
signatures stored in COSMIC (18). Their relative contributions are
shown in Figure 2B. We detected seven substitution mutational
signatures (SBSs) in the tumor sample: SBS1, SBS9, SBS17b, SBS28,
SBS37, SBS40, and SBS89. SBS40 contributed the most to the 96-
mutational profile. The number of mutations attributed to SBS40
correlates with patient age in different types of human cancer (18),
although the etiology is unknown. SBSI1 is attributed to the
deamination of 5-methylcytosine and is a clock-like signature,
with the number of mutations correlating with age in normal
cells and cancer cells (19). SBS9 seems to be due to the activity of
polymerase 1 (18). The etiology of SBS17b, SBS28, SBS89, and
SBS37 is unknown. However, SBS17b is associated with fluorouracil
(5FU) chemotherapy treatment and damage inflicted by reactive
oxygen species (ROS) (20).
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We used CNVkit software (21) to analyze copy number
variations (CNVs) in the genome. The copy number profiles for
all autosomal chromosomes in the blood and tumor samples are
shown in Figures 2C, D, respectively. Each colored dot represents
the log2 ratio in a sequence range of 750 bp, while the red line is the
average log2 ratio on a broader region. The red line of blood
chromosomes lies exactly on the log2 ratio value of zero, which
means that they do not have any CNAs. In contrast, the tumor
shows large CNVs in the chromosomes. Our focus was on cancer-
associated genes located in chromosomal regions detected with
CNV analysis. We identified 2,414 genes in duplicated regions, with
1294 of these coding for proteins, and 1528 genes in deleted regions,
with 768 of these coding for proteins (Table S1). To identify
potential tumor-specific genes, we filtered these genes using a list
of 723 cancer-associated genes from the Cancer Gene Census
website (https://cancer.sanger.ac.uk/census), resulting in 45
duplicated and 90 deleted genes (Table S2). We decided to
perform CNV analysis in the tumor sample using data from
third-generation sequencing technology. This was to reduce
problems related to the short-read sequencing methodology in
the CNV analyses, such as secondary alignments due to highly
repetitive regions and technical duplicates. The tumor sample was
sequenced, and we obtained a genome coverage of 27.54X, an N50
length of 45,147 bp, and a mean length of 17,518.9 bp. The CNV
analysis was performed by setting a bin of 10,000 bp to reduce the
high variance of the log2 ratio in each bin probability due to the lack
of a reference and the lower coverage relative to the Illumina
experiment. Nevertheless, the CNV analysis obtained with
PromethION 24 (Oxford Nanopore Technologies) showed large
chromosome alterations to the tumor genome (Figure 2E), which
strongly correspond to the alteration detected using Illumina
sequencing data (Figure 2D).

Finally, tumor mutational burden (4.65 muts/Mb) and
microsatellite instability (0.04% of mutated microsatellites) analyses
did not show any relevant results (see Supplementary Materials).

Gene expression analysis of the
tumor sample

To gain insight into the gene expression profile of the metastatic
tumor sample, we conducted a comprehensive analysis using RNA
sequencing (RNA-Seq) with the NovaSeq 6000 System (Illumina)
and an in-house pipeline (Supplementary Materials). To supplement
our analysis, we incorporated publicly available datasets, including a
total of 28 healthy breast tissue samples (including 15 adjacent
noncancerous tissues) downloaded from NCBI SRA (project
accession numbers: PRINA292118, PRJNA855324, PRJNA839244).
We also used RNA-sequencing data from 1085 breast cancer patients
obtained from the TCGA datasets (see Supplementary Materials).

Next, we compared the expression levels of the tumor-specific
genes located in CNVs in our tumor sample to those of 10 healthy
breast tissue samples from the PRINA855324 and PRJNA839244
projects. In the set of 47 duplicated genes, we detected 24 genes in our
tumor sample with higher expression levels than healthy breast
tissues (Table S3), while 2 genes had lower expression levels. For
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FIGURE 2
Genomic analysis of the blood and tumor samples. (A) 96-mutational profile; (B) Relative contribution of the different mutational signatures
identified after the decomposition of the 96-mutational profile; (C—E) Results of the copy number variations analysis for all autosomal
chromosomes: blood and tumor samples using short reads data (C, D) and tumor sample using long reads data (E), respectively.

the deleted genes, 25 had a lower expression, and 4 had a higher
expression (Table S4).

We also examined the expression levels in the tumor sample of
critical genes involved in breast cancer, including Progesterone
Receptor (PGR), Estrogen Receptor 1 (ESRI), Human Epidermal
growth factor Receptor 2 (HER2, also known as ERBB2), Marker Of
Proliferation Ki-67 (MKI67), and AR. Subsequently, we compared
these levels with those observed in 28 samples of healthy breast tissue.
The resulting heatmap (Figure 3A) showed that the tumor sample
had low expression levels for PGR and ESRI, medium expression
levels for MKI67, and high expression levels for HER2 and AR.

To further understand the molecular subtype of our tumor
sample, we performed cluster analysis of 1085 breast cancer patients
from TCGA datasets using different sets of genes. Figure 3B reports
a heatmap built with the four genes used to classify the breast cancer
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subtypes: PGR, ESR1, HER2, and MKI67. These four genes capture a
structure in the data: there is a light green cluster containing Basal-
like patients, a pink cluster with HER2+ patients, and on the right
branch of the dendrogram there are Luminal A and Luminal B
samples, which are not separated. Our sample is in the pink cluster
close to the HER2+ patients. Figure 3C shows a t-distributed
stochastic neighbor embedding (t-SNE) plot built using PAM50
genes. In this case, we see: i) a well-defined cluster related to Basal-
like and HER2+ patients; ii) Luminal A and Luminal B clusters that
partially overlap; and iii) Normal-like patients with no well-defined
location in the plot. Our sample is in the HER2-enriched cluster. To
gain a complete picture of the tumor’s gene expression profile, we
analyzed 18,987 coding genes in the human genome using the t-
SNE statistical method. While the resulting clusters were not well-
defined for all subtypes, we were still able to identify a cluster of
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FIGURE 3

Gene expression analysis of the tumor sample. (A) Hierarchical clustering heatmap with gene expression levels of PGR, ESR1, HER2, MKI67, and AR in
breast cancer tissue from 28 healthy patients and from our tumor sample; (B) Hierarchical clustering heatmap showing gene expression levels of
PGR, ESR1, HER2, and MKI67 of 1085 breast cancer patients in the TCGA dataset and our tumor sample; (C, D) T-SNE algorithm with 1085 breast
cancer patients in the TCGA dataset and our tumor sample using PAM50 genes and 18987 coding genes, respectively.

patients with Basal-like subtypes and a blurry cluster of HER2+
individuals, which contained our sample (Figure 3D).

Discussion
Adapting the clinical and molecular classification of breast

cancer to a single patient’s disease is one of the most difficult
tasks for medical and molecular oncologists.
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In this study, we investigated the deep molecular issues of a
patient with a metastatic ER-negative and PR-negative breast cancer
with partial apocrine differentiation, in agreement with GCDFP-15
expression, and an oligometastatic clinical course. Since the
diagnosis, the disease exhibited a moderate (2+) or strong (3+)
expression of the HER2 protein, but CISH or FISH analyses were
negative, thus indicating a HER2-low disease (22). After more than
20 years of clinical use of anti-HER2, emerging data and improved
analytical methods mean that the dichotomous classification of a
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positive or negative HER2 clinical category is evolving towards a
continuum (23, 24). Here, our patient did not receive any anti-
HER?2 antibodies associated with conventional chemotherapy. At
diagnosis, this choice was based on the HER2 2+/FISH-negative
result. At relapse, despite the HER2 3+ result, CISH was performed
(FISH was not available at our center at that time) because of the
slow and oligometastatic behavior. Single-agent paclitaxel was then
administered with a progression-free interval of nearly one year. At
the second oligometastatic relapse, the case was revised in a referral
center. Both CISH and FISH for HER2 were performed, again with
negative results. Thus, systemic treatment with single-agent
capecitabine was chosen because of the possibility of concurrent
radiotherapy, obtaining a complete metabolic response.

The tumor genome revealed a complex picture, with 20,323
somatic mutations (16,544 SNVs and 3,779 Indels). We found an
enrichment of T>G nucleotide change in the SNVs, and mutational
signature analysis associated some of the somatic mutations with
the patient’s age. Additionally, we detected SBS17b, associated with
fluorouracil chemotherapy treatment and damage inflicted by ROS,
which could be due to the patient’s drug treatments. However, most
SBSs do not yet have a known etiology. Further studies are needed
to identify the etiology of these SBSs and increase the value of
mutational signature analysis for personalized medicine. After
filtering the variants, we identified five SNVs potentially
associated with the development of cancer in our patient:
PIK3CA, TP53, NFKB2, ATM, and BTK. Pathogenic mutations in
PIK3CA and TP53 were hypothesized to be drivers of the cancer.
Because the sample’s tumor purity was higher than 80%, the
mutation in TP53 seemed to be present in all the cancer cells
(allele frequency 55.71%), while the mutation in PIK3CA was
present in a large percentage of them (allele frequency 34.17%).
We also observed large chromosomal duplications and deletions in
several chromosomes, highlighting the genomic instability of the
tumor sample. These alterations presented a log2 between -1 and 1,
except in rare cases, which indicated their presence in one or more
tumor cell subpopulations but not in the entire population of tumor
cells. Given the large size of these alterations, we hypothesize that
several genes and regulatory elements are involved and contribute
to the cancer phenotype. To the best of our knowledge, this report is
the first scientific paper showing chromosome alterations in
apocrine breast cancer using short-read and long-read
sequencing approaches.

Our RNA-seq analysis characterized the tumor sample’s gene
expression profile. The results supported the immunohistochemical
analysis in classifying the breast cancer subtype. Three different
clustering approaches were used to achieve the goal: 1) Hierarchical
clustering using Euclidean distance and complete-linkage method
with PGR, ESR1, HER2, and MKI67 genes, 2) t-SNE with PAM50
genes, 3) t-SNE with 18987 coding genes. All three methods
clustered our sample with the HER2+ samples. This result,
combined with the immunohistochemical analysis, led us to
categorize this breast cancer sample as a HER2-positive subtype,
although no HER2 amplification at FISH was found. These
promising results with clustering approaches highlight the need
for a machine learning model running on gene expression data to
improve the classification of breast cancer subtypes.
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The results from the NGS and genomic/transcriptomic analysis
confirmed our previous treatment choice but also opened the way
for further treatments. Given the evidence of a strong intracellular
driver (i.e. PIK3CA) combined with an inactivating TP53 mutation,
conventional chemotherapy is a more suitable candidate than anti-
androgen or anti-HER2 therapy to stop neoplastic progression.
However, if there is further progression, then the positivity of RNA
for HER2 and AR pathways will support the use of anti-HER2 drug
conjugates (25) or anti-androgenic treatments, possibly combined
with off-label use of anti-PIK3CA treatment (26).

Although WGS and RNA-seq demand sophisticated
infrastructure and expertise, they provide a comprehensive
molecular characterization of the tumor. Our report and
bioinformatics analysis offer an innovative personalized omics
approach that could complement standard clinical practices and
serve as a foundation for further fundamental research.

Conclusion

This case study presents a complex picture of a 56-year-old
woman patient with oligometastatic breast cancer with an
intermediate phenotype between HER2-positive and triple-
negative. The slow clinical course allowed the use of a sequential
rather than all-in approach.

The genomic-bioinformatic analysis revealed five SNVs
potentially associated with the development of cancer in the
patient, as well as large chromosomal duplications and deletions.
Somatic SNV mutations were associated with the patient’s age and
chemotherapy treatment. RNA-seq analysis supported
immunohistochemical analysis in classifying the breast cancer
subtype as HER2-positive, although the disease was clinically
defined as HER2-low. Overall, the study provides valuable
insights into the complex genomic and molecular landscape of
breast cancer with partial apocrine differentiation, and emphasizes
the need for personalized and comprehensive approaches in cancer
research and treatment.
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While standard treatment has shown efficacy in patients with breast cancer gene
(BRCA) mutations, recurrence rates are high and additional effective therapies are
needed. Olaparib, a poly adenosine diphosphate-ribose polymerase (PARP)
inhibitor, approved for the treatment of metastatic germline BRCA1/BRCAZ2 breast
cancer (BC), has demonstrated evidence of a progression-free survival (PFS) benefit,
good safety profile, and improved quality of life compared with standard
chemotherapy. We here describe the case of a patient with BRCAI mutated
advanced BC and a long history of response to chemotherapy and
immunotherapy who received systemic treatment with olaparib. First diagnosed in
March 2011 at the age of 38 years with early-stage BC of the right breast, she
underwent quadrantectomy plus ipsilateral axillary lymphadenectomy and adjuvant
treatments with chemotherapy regimen containing 5-fluorouracil, epirubicin, and
cyclophosphamide (FEC) followed by radiotherapy. Five years later, following a
contralateral nodule detection leading to left breast quadrantectomy, she received
adjuvant systemic treatment with docetaxel plus cyclophosphamide and
radiotherapy. Gene testing showed a germline BRCA1 deleterious variant, and she
underwent bilateral prophylactic mastectomy and oophorectomy. One year later,
skin metastasis and bone infiltrations were detected, and she was started on first-line
systemic treatment. The patient was enrolled in the IMpassion131 trial (investigating
atezolizumab addition to paclitaxel) but unblinding showed that she was randomized
in the placebo arm. She received second-line systemic therapy with LAG525 plus
carboplatin (CLAG525B2101 trial) resulting in a PFS of 14 months. At disease
progression, she was eligible for systemic third-line therapy with olaparib (300 mg
twice daily) and had a complete response after 6 months of therapy and a PFS of 40
months at the time of writing. To the best of our knowledge, this is the first report of
a complete response following treatment with third-line systemic olaparib in a long-
responding patient and relatively good tolerability and quality of life, pre-treated with
both chemotherapy and immunotherapy.

KEYWORDS

advanced breast cancer, BRCA mutation, triple negative breast cancer, PARP
inhibitor, immunotherapy
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1 Introduction

Despite advances in treatments and increasingly early detection
through screening programs, breast cancer (BC) remains the
world’s most prevalent cancer with 2.3 million women diagnosed
with BC in 2020 and 685,000 deaths (1). BC aftects a staggering 1 in
8 women over their lifetime, with an incidence of 109.2 per 100,000
in women aged under 40 (2). The BRCA1 and BRCA2 pathogenic
variants, identified over 30 years ago, still constitute the most
clinically relevant predisposition genes. Although quoted risks
vary according to different evidence, data from prospective cohort
studies show that the risk for BC is 72% (at age 80) for BRCAI
mutation (hereafter used as a synonym for pathogenic variant)
carriers, and 69% for BRCA2 mutation carriers (3). Patients
diagnosed with BC associated with BRCA pathogenic variants
frequently suffer from aggressive, high-risk disease since
recurrence rates are high, despite standard-of-care treatments
including surgery, radiation, and chemotherapy/immunotherapy.
There remains a large unmet need for additional novel targeted
therapies that produce improved and long-lasting outcomes in this
patient population.

BRCA1I and BRCA2 are tumor-suppressor genes that encode
proteins involved in the repair of DNA double-strand breaks
through the homologous recombination repair (HRR) pathway.
BCs associated with BRCA mutations are more prone to double-
strand DNA breaks that cannot be repaired because of a defective
HRR pathway. Poly adenosine diphosphate-ribose polymerase
(PARP) enzymes are fundamental to repair DNA single-strand
breaks, and cells that lack functional BRCA1/BRCA?2 are sensitive to
PARP inhibition. PARP inhibitors target cancers with defects in
HRR leading to synthetic lethality and cancer cell apoptosis (4).
Olaparib, an orally administered PARP inhibitor, was approved for
metastatic BC by the United States Food and Drug Administration
(FDA) (January 2018) and for locally advanced/metastatic BC by
the European Medicines Agency (EMA) (April 2019), based on the
positive results of the randomized, controlled, open-label,
multicenter, international, phase 3 OlympiAD trial (5, 6). The
study enrolled patients with a germline BRCA (gBRCA) mutation
and human epidermal growth factor receptor type 2 (HER2)-
negative metastatic BC who received no more than two previous
chemotherapy regimens for metastatic disease (7). Results showed
that monotherapy with olaparib (205 patients assigned to olaparib
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Case report timeline. 1L, first line; 2L, second line; 3L, third line.
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arm 300 mg twice daily) provided a significant benefit over standard
therapy of the physician’s choice (TPC; capecitabine, eribulin, or
vinorelbine in 21-day cycles, 97 patients). Median PFS was 2.8
months longer (7.0 vs. 4.2 months) and the risk of disease
progression or death was 42% lower with olaparib monotherapy
than with TPC. Importantly, quality of life (QoL) consistently
improved with olaparib vs. TPC, with a higher proportion of
olaparib-treated patients rating their best overall response as
“improvement” (33.7% vs. 13.4%). Most adverse events (AEs) in
the intervention arm were grade 1/2, and the proportion of patients
reporting grade 3 or higher AEs was lower with olaparib (38.0%)
than with TPC (49.5%). Olaparib dose interruptions did not
significantly affect treatment duration, and few patients
discontinued olaparib therapy because of AEs (<5%). In the
present manuscript, we report the case of a patient with BRCAI
mutated (BRCAIm) advanced BC who received systemic treatment
with olaparib after a long history of response to chemotherapy
and immunotherapy.
This case report follows the CARE Guidelines (8).

2 Case report

Our patient is a Caucasian woman without relevant personal
medical history, except for a mild bronchial asthma seldom treated
with low-dose corticosteroids. In March 2011, at the age of 38 years,
she was first diagnosed with early-stage BC of the right breast
(Figure 1). Breast and axillary lymph node ultrasound scan showed
a nodule with irregular margins (23 mm diameter) in the upper-outer
quadrant of the right breast. Bilateral mammography demonstrated
radiopacity in the right breast and fine-needle aspiration biopsy
retrieved malignant cells (C5) (Figure 2). Subsequently, core needle
biopsy showed an infiltrating ductal carcinoma (ER: 0%, PgR: 0%, Ki-
67: 30%, HER2-neu: 0), and tumor markers were as follows: CA-15.3
20.7 U/ml, CEA 2.1 ng/ml. No distant metastases were detected.
Thus, she underwent right breast-conserving surgery and ipsilateral
axillary lymphadenectomy. Postoperative TNM classification was
pT2 (28mm) G3 pNla (1+/20). She received adjuvant treatment
(5-fluorouracil 500 mg/m?, epirubicin 100 mg/m?, and
cyclophosphamide 500 mg/m? three cycles, every 21 days, and
subsequent docetaxel 100 mg/m?, three cycles, every 21 days) and
radiotherapy to the right breast.
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Follow-up was negative until March 2016 when a second
contralateral nodule (15 mm) was identified. Again, there was no
evidence of distant metastases. Breast-conserving surgery (left
breast quadrantectomy) and ipsilateral axillary sampling were
performed [postoperative pT1c 18 mm, pNO (0/10), ER: 0%, PgR:
0%, Ki-67: 75%, HER2-neu: 0], followed by treatment with
docetaxel 600 mg/m* plus cyclophosphamide 75 mg/m?* for four
cycles every 21 days and subsequent radiotherapy.

She was referred to the Hereditary Cancer Genetics Clinic at the
University Federico II in Naples, Italy, due to the early-onset
metachronous BC and the family history including breast and
ovarian cancer (grandmother). In May 2016, the result of germline
BRCA gene testing showed the deleterious variant ¢.3514G>T
p.Glul172* in the BRCA1I gene. She underwent bilateral prophylactic
mastectomy and oophorectomy in June and July 2017, respectively. She
was disease-free for 1 year; then, in May 2018, the PET-CT scan
showed involvement of skin of the left breast, increased uptake in
multiple lymph nodes of the left axilla and left internal mammary, and
bone infiltrations (fourth and sixth left ribs) (Figure 3). Pathological
examination showed skin metastasis from breast carcinoma (ER: 0%,
PgR: 0%, Ki-67: 80%, HER2-neu: 0). Tumor serum markers were
within the normal values: CA-15.3 13.9 U/ml, CEA 2.1 ng/ml.

In July 2018, she was enrolled in the phase IIT IMpassion131 trial
investigating treatment with chemotherapy and immunotherapy
[atezolizumab 840 mg or placebo by intravenous infusion on Days 1

and 15 ( + 3 days) every 28 days along with paclitaxel 90 mg/m* on Days

FIGURE 2

Baseline mammography showing pathological lump in the right 1, 8, and 15 every 28 days until disease progression or unacceptable

breast toxicity]. She received four cycles of therapy. Trial unblinding at disease
progression showed that the patient was in the placebo arm.

FIGURE 3

First evidence of metastatic disease on baseline PET-CT scan
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In December 2018, she developed mild cough and dyspnea, and
chest CT showed the left chest wall disease progression. Thus, she
discontinued the ongoing treatment for metastatic BC and was
enrolled in the CLAGS525B2101 trial investigating LAG525 in
combination with spartalizumab, or with spartalizumab and
carboplatin, or with carboplatin (Figure 4A). LAG525 is a
humanized IgG4 monoclonal antibody, acting as a checkpoint
inhibitor that binds the Lymphocyte-activation gene 3 (LAG-3)
protein and prevents its interaction with class II major
histocompatibility complex (MHC-II) molecules. While
spartalizumab is a monoclonal antibody directed against the
human programmed death-1 (PD-1) receptor, it also inhibits
immune checkpoint. The patient received LAG525 (400 mg
every 21 days) in combination with carboplatin (AUC 6 every 21
days), both intravenously (iv) for a total of 17 cycles until
disease progressed. The PFS was 14 months. AEs included
thrombocytopenia grade 3 (G3), diarrhea GI, vomiting G1, and
hypothyroidism G2; carboplatin was discontinued after 10 cycles
due to infusion-related hypersensitivity reaction.

In February 2020, as a patient with a germline BRCA mutation
who had received no more than two previous chemotherapy
regimens for metastatic disease, she was eligible for olaparib (300
mg twice daily) therapy (Figure 4B). Treatment was well tolerated
apart from G2 anemia, which imposed a dose reduction—the
olaparib dose after 7 months was 100 mg plus 150-mg tablets
twice daily. Other reported AEs were nausea, vomiting, and
diarrhea (all G1). There was no evidence of increased uptake on
PET/CT scan (Figure 4C). Treatment with olaparib produced a
complete response after 6 months, and at the time of writing, the
patient had a PFS of 40 months. It should be, moreover, emphasized
how grateful the patient was to be able to receive an effective therapy
that did not negatively affect her QoL. Indeed, she had been aware of
the advanced stage of disease since she was 45, and that the PFS with
the first line of treatment was only 5 months. The complete disease
response achieved with a long-lasting and overall well-tolerated oral
treatment also increases adherence to the therapy itself, enhancing
its efficacy.

3 Discussion and conclusion

The diagnostic and therapeutic landscape of BC has changed
dramatically in recent years, leading to the introduction of systemic
targeted therapies that improve response rates and prolong survival,
while maintaining QoL. Our patient was first diagnosed with early
BC at the age of 38 years. First-line therapy as part of the
IMpassion131 trial was weekly paclitaxel plus placebo (without
atezolizumab) and PFS was 5 months. The IMpassion131/130 trials
investigated the benefit of adding the immune stimulating agent
atezolizumab to a taxane backbone chemotherapy in the first-line
treatment of metastatic triple-negative BC (TNBC) (9, 10). Results
from the IMpassion130 study indicated improved PFS and clinically
meaningful overall survival (OS) benefit with atezolizumab plus
nab-paclitaxel in patients with programmed death-ligand 1 (PD-
L1)-positive disease and that atezolizumab plus nab-paclitaxel may
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constitute an important therapeutic option in this disease with high
unmet need. However, these results were not replicated in the
follow-up IMpassionl31 study—atezolizumab plus paclitaxel did
not improve PFS or OS in the intention-to-treat (ITT) population
or the PD-L1-positive group vs. paclitaxel alone. Second-line
therapy was immunotherapy with LAG525, which inhibits LAG-3
(an inhibitory immunoreceptor linked to reduced T-cell
proliferation and cytokine production), plus carboplatin (11).
Overall, 17 cycles were administered (carboplatin was
discontinued after 10 cycles due to AEs) and PES was 14 months.
Olaparib was administered as a third-line therapy based on the
results of the landmark OlympiAD trial that showed it to improve
PFS and, in addition, to reduce hospitalization (advantage of oral
therapy vs. iv) as well as ameliorate QoL, compared with
chemotherapy (7, 12). Since then, the OlympiA study
demonstrated “practice-changing results”—the first to report the
benefits of an adjuvant PARP inhibitor for early stage of germline
BRCA1/2-mutation-associated BC. This phase III, double-blind,
randomized trial enrolled patients with HER2-negative early BC
with BRCAI or BRCA2 germline pathogenic or likely pathogenic
variants and high-risk clinicopathological factors, who had received
local treatment and neoadjuvant/adjuvant chemotherapy. Patients
who received olaparib after a median follow-up of 3.5 years
experienced a 37% reduction in invasive disease-free survival,
including local and metastatic recurrence of BC, other new
cancers, and death due to any cause. Among patients with high-
risk, HER2-negative early BC with germline BRCA1/BRCA2
deleterious variants, adjuvant olaparib, after completion of local
treatment and neoadjuvant/adjuvant chemotherapy, was associated
with significantly longer survival free of invasive or distant disease
than placebo. More importantly, a benefit in OS rate was reported
with the use of olaparib in this population in an adjuvant setting (4-
year OS A 3.4%, 95% CI 0.1% to 6.8%). The principal investigator of
the study concluded that “patients who received olaparib after
surgery and chemotherapy were more likely to be alive without
cancer, [as well as] avoid metastasis, than the patients who received
placebo—after 10 years of evaluation of PARP inhibitors in BC, a
therapy that could likely save many lives is finally at hand” (13, 14).
It should be acknowledged that, to date, we have some evidence of
the efficacy of PARP inhibitors in the treatment of non-germline
BRCAm advanced BC. The randomized controlled phase II S1416
trial reported the addition of veliparib to platinum chemotherapy to
be effective in metastatic germline BRCA-wildtype TNBC with a
BRCA-like phenotype, namely, with homologous recombination
deficiency (HRD) leading to genomic instability (15). Olaparib
monotherapy was further evaluated in the phase II TBCRC 048
trial in a population of patients with advanced BC with germline
(other than BRCA) or somatic (including BRCA) pathogenic
variants in DNA damage response pathway genes. Objective
responses to the PARP inhibitor were reported in patients with
somatic BRCA1/2 or germline partner and localizer of BRCA2 gene
(PALB2) mutations (16). In conclusion, our case report shows that
in a patient with metastatic BC, third-line therapy with olaparib can
lead to a rapid and durable response with clinical complete
remission with a relatively good quality of life.
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FIGURE 4
(A) CT scan images of left chest wall disease progression at enrolment in the IMpassion131 trial. (B) CT scan images at enrolment in CLAG525B2101
trials. (C) Complete response after 6 months of treatment with olaparib; no contrast enhancement at PET-CT scan
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Ribociclib, a cyclin-dependent kinase 4/6 inhibitor, is a novel targeted therapy for
advanced-stage breast cancer. Although ribociclib-induced cutaneous side
effects have been previously noted, they have not been well documented.
Herein, we present a case of ribociclib-induced phototoxicity, which
manifested as dyschromia over sun-exposed forearms and neck initially and as
bullae formation subsequently. A 71-year-old woman with metastatic breast
cancer developed dyschromia after daily treatment with ribociclib (600 mg) for 7
months. Skin biopsy of the pigmented lesion revealed interface dermatitis with
melanin incontinence and dyskeratotic cells and ballooning keratinocytes with
loss of melanocytes in the basal layer. Further, clefting at the basal layer of
epidermis was noted in a more hyperpigmented field. Fontana—Masson staining
revealed melanophages in the dermis. Human Melanoma Black-45 staining
revealed decreased melanocyte numbers in the epidermis above the cleft.
Immunohistochemical analyses revealed activated CDla+ epidermal
Langerhans cells and infiltrating CD4+4+ and CD8+ T cells in the epidermis and
dermis, thereby indicating type IV hypersensitivity that was associated with
damage to keratinocytes and melanocytes. To prevent progression of bullous
dermatitis, we advised the patient to discontinue ribociclib and prescribed oral
and topical prednisolone. Due to the risk of phototoxicity, we educated the
patient on sun-protection strategies. The patient’s skin lesions subsided during
the 2 months of treatment. Phototoxicity with dyschromia is a rare but significant
ribociclib-induced cutaneous side effect. Early diagnosis, rapid ribociclib
withdrawal, protection from sunlight, and prompt treatment are critical for
preventing subsequent severe bullous dermatosis.

KEYWORDS

breast cancer, cyclin-dependent kinases 4/6 inhibitor, ribociclib, drug allergy,
dyschromia, phototoxicity, bullae, case report

Abbreviations: CDK: cyclin-dependent kinase, HER2—: human epidermal growth factor receptor 2 negative,

HMB: Human Melanoma Black, HR+: hormone receptor-positive.
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1 Introduction

Breast cancer is one of the leading causes of death among
patients with malignant tumors. In 2020, breast cancer was
responsible for 680,000 deaths worldwide (1). Recently, the anti-
breast cancer therapeutic plan was established based on staging and
hormone receptors (HRs). Previously, patients with advanced-stage
breast cancer of an HR-positive (HR+) and a human epidermal
growth factor receptor 2-negative (HER2-) status were usually
treated with single-agent endocrine therapy; however, these
treatments did not achieve long-lasting effects due to drug
resistance (2, 3).

In recent years, several classes of targeted therapies have been
developed for the treatment of breast cancer. These include cyclin-
dependent kinase (CDK) 4/6 inhibitors, including palbociclib,
ribociclib, and abemaciclib. These drug therapies have been
approved by the Food and Drug Administration for the treatment
of metastatic breast cancer with (HR+)/(HER2-) expression (4, 5).

CDKs are a group of kinases that regulate the cell cycle, and
CDK4/6 modulates G1/S phase transition during DNA synthesis;
this cell cycle control system is usually disrupted in cancers. The
estrogen receptor—cyclin D1-CDK4/6-retinoblastoma pathway
plays an important role in estrogen receptor-positive breast
cancer development. Therefore, CDK4/6 inhibitors exert an anti-
cancer effect through the inhibition of this pathway (6).

Previous studies have revealed the common adverse effects of
ribociclib; these include neutropenia, anemia, fatigue, diarrhea, a
prolonged QT¢, and an elevated liver function (7, 8). However, the
important, severe dermatological side effects of this drug have not
been sufficiently documented. Herein, we present a case of
ribociclib-induced phototoxicity and bullae formation.

2 Case presentation

A 71-year-old woman presented with hypertension,
hypertriglyceridemia, and diabetes mellitus. A mass in the right
breast of the patient was initially observed at least 2 years ago, and
the patient had visited the general surgery outpatient department
because of a fungating lesion that had persisted for 3 months. A
follow-up tumor biopsy had revealed infiltrating lobular carcinoma
luminal Bl (estrogen receptor: 70%, progesterone receptor: 30%;
HER2-). Positron emission tomography revealed pleural seeding
and, liver and bone metastasis. Hence, the patient was newly
diagnosed with a right inflammatory breast-infiltrating lobular
carcinoma with multiple metastases (cT4N3cM1, stage IV).
Subsequently, the patient received a daily combination therapy of
letrozole (an aromatase inhibitor) and ribociclib (600 mg) along
with a monthly injection of denosumab.

Seven months later, the patient developed grayish pigmentation
on the four limbs and trunk; these were especially prominent on the
sunlight-exposed forearms (Figure 1). The patient reported
progressive pigmentation and pruritus of the lesion. Laboratory
data revealed no neutropenia. Thereafter, the department of
hematology referred the patient to the dermatology outpatient
clinic for further evaluation. A skin biopsy examination of the
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FIGURE 1
Skin pigmentation in the (A) right forearm, (B) left forearm, (C) left
lower leg, (D) right lower leg, and (E) trunk

pigmented lesion was performed; pathological examination revealed
interface dermatitis with melanin incontinence. Notably, dyskeratotic
cells and clefting at the basal layer of epidermis were identified
(Figures 2A, B). Fontana-Masson staining for melanin revealed that
the melanophages was distributed unevenly and generally present in
the upper dermis (Figures 2C, D). Human Melanoma Black-45
(HMB-45) staining revealed decreased melanocyte numbers in both
normal and clefting skin lesions (Figures 2E, F). Therefore, the
hyperpigmented skin lesion was speculated to have been caused by
altered melanin distribution and melanocyte numbers.

Further, immunohistochemical staining revealed activated
epidermal Langerhans cells presenting with CDla as well as CD3+,
CD4+, and CD8+ T cells infiltrating into the epidermis and dermis;
these findings indicated type IV hypersensitivity (Figures 3A-H).
Thus, a clinicopathological diagnosis of ribociclib-induced
phototoxicity, manifesting initially as dyschromia and subsequently
as bullous dermatosis, was made.

Owing to the severe dermatological side effects, we advised the
hematologist to withdraw ribociclib and prescribe oral (20 mg/day)
and topical prednisolone instead; however, treatment with letrozole
was continued. Additionally, the patient was educated on
appropriate sun protection. The patient’s skin lesions subsided
during the 2-month treatment. The oncologist switched the
treatment from ribociclib to palbociclib, and no dermatological
adverse effects were subsequently noted.
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Histopathological examination and immunostaining finding of pigmented markers in the pigmented skin and bullous lesion. (A, B) Hematoxylin and

eosin staining. (C, D) Fontana—Masson Staining. (E, F) HMB-45 staining.

3 Discussion

As reported by Yang L et al.,, CDK4/6 inhibitors are associated with
adverse events, such as neutropenia, leukopenia, thrombocytopenia,
anemia, fatigue, diarrhea, febrile neutropenia, nausea, and elevated
alanine aminotransferase levels (9). Ribociclib, a CDK4/6 inhibitor, also
has a similar side effect profile, especially in relation to hematological
problems. In addition, severe dermatological side effects, such as skin
rash, vitiligo, and alopecia, have been reported in recent years (7, 10);
however, these have been relatively less documented. To date, few cases
of severe ribociclib-induced dermal toxicity, such as those of the
Stevens-Johnson syndrome, toxic epidermal necrolysis, and
erythema dyschromicum perstans-like pigmentation, have been
reported in the literature (11-13).

Several cases of ribociclib-induced dyschromia, such as those of
vitiligo (14-16), have been reported; however, the detailed
mechanisms involved, including pathological examination and
immunohistochemistry findings, are not well understood. Hence,
we examined the results of Fontana—Masson staining and HMB-45
staining in the present case. Both staining methods revealed a reduced
melanocyte number and the presence of melanin in the dermis.
Besides, another report revealed the effect of ribociclib-induced
pyknosis in keratinocytes (17); we also found dyskeratotic cells in
the epidermis in our case. Therefore, we speculated that ribociclib-
related dyschromia resulted from the uneven distribution of melanin
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and a decreased number of melanocytes, which are caused by
impaired keratinocytes and melanocytes in the basal layer zone. The
toxicity of ribociclib to these cells may originate from its inhibition of
CDKs. However, further research is needed to validate this.

In the present case, the patient developed pigmented patches on
the trunk and extremities, particularly over the forearms, 7 months
after receiving ribociclib. Skin biopsy revealed interface dermatitis
with melanin incontinence and clefting at the epidermal-dermal
junction, similar to that observed in subepidermal bullous disease.
The patient was diagnosed with phototoxicity with type IV
hypersensitivity and subepidermal bullous dermatosis based on
positive immunohistochemical staining for CDla, CD3, CD4,
and CD8.

To overcome the dermatological side effects of ribociclib, we first
ceased ribociclib administration. To ensure continuation of anti-
cancer therapy, we experimentally replaced ribociclib with palbociclib
after obtaining the patient’s consent. Thereafter, we closely monitored
the patient and educated them about sun protection; the dyschromia
with bullae formation eventually subsided. The beneficial influence of
this change may be attributed to immunotolerance or basic
differences in the effects of CD4/6 inhibitors (such as subtle
differences in the kinase selectivity between the two drugs);
however, further studies are required to confirm this.

Drug-induced photosensitivity has attracted growing interest in
recent years (18). Photosensitivity is categorized as either
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FIGURE 3

Immunostaining of specimens from the pigmented skin and bullous
lesion. (A, B) Activated epidermal Langerhans cells present with
CD1a. (C, D) Immunohistochemical staining of CD3. (E, F) Infiltrating
CD4. (G, H) Infiltrating CD8.

phototoxic or photoallergic. It occurs due to photosensitizing agents
and subsequent exposure to ultraviolet or visible light. A previous
study revealed that the photosensitive effect of CDK inhibitors was
through the inhibition of ATP-binding cassette G2 (19). One case
report also revealed ribociclib-induced photosensitive skin lesions
in a patient with metastatic breast cancer (20). To our knowledge,
the present case is the first on ribociclib-induced phototoxicity.

CDK inhibitors represent a novel class of targeted therapies for
cancer treatment. However, they are associated with severe adverse
effects that should be monitored for meticulously. In the present
report, we revealed an association between ribociclib and
phototoxicity with subepidermal bullous dermatosis and
hyperpigmentation; this is a rare expression of drug allergy.
Therefore, it is important for clinicians to closely monitor for
cutaneous side effects and impart education on sun protection
during clinical treatment with CDK4/6 inhibitors.
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Phyllodes tumor (PT) is an infrequent type of breast neoplasm, constituting a
mere 0.5%—-1.5% of the entirety of breast tumors. The malignant phyllodes tumor
(MPT) comprises only 15% of all phyllodes tumors, and its transformation into
rhabdomyosarcoma (RMS) is exceedingly rare in clinical practice. Given its
insensitivity to chemotherapy and radiotherapy, treatment options for MPT
patients are limited, leaving complete surgical resection as the only option.
Therefore, it is imperative to investigate the effective utilization of the
heterogeneous differentiation characteristics of MPT to expand treatment
alternatives for these patients. In this case report, we represent a 13-year-old
adolescent diagnosed with giant breast MPT with RMS differentiation and
pulmonary metastasis. The initial step in the treatment process involved radical
surgical resection, followed by the administration of four cycles of VDC/IC
chemotherapy, which is widely recognized as the standard chemotherapy for
RMS. Regrettably, the delay in initiating chemotherapy resulted in minimal
observable changes in the size of the pulmonary metastatic nodule.
Additionally, a comprehensive literature review on the characterization of MPT
with heterogeneous differentiation was conducted to enhance comprehension
of the diagnosis and treatment of this uncommon disease in clinical practice.
Meanwhile, this case also reminds the doctors that when we diagnose a patient
as MPT, it is crucial to consider its heterogenous nature and promptly initiate
adjuvant treatment. By targeting the differentiation element of MPT, it becomes
feasible to overcome the previously perceived limitation of surgical intervention
as the sole treatment option.

KEYWORDS

phyllodes tumor, rhabdomyosarcoma, treatment strategy, heterogeneous
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Introduction

Phyllodes tumor (PT), classified as the fibroepithelial tumor of
breast composing of epithelial and stromal elements, is a rare kind of
pathological subtype in the clinical practice (1). The World Health
Organization (WHO) has recently revised the classification of
phyllodes tumors based on their histopathological characteristics.
The PT can be divided into benign PT, borderline PT, and malignant
PT (MPT), where MPT accounts for 15% in all PT (2). (MPT) is
characterized by histopathological features such as stromal
hypercellularity, atypia, increased mitoses of >10/10 high-power
fields (HPFs), permeative tumor borders, and stromal overgrowth
(3, 4). The stromal components of MPT exhibit heterogeneity and
have the potential to transform into rhabdomyosarcoma (RMS),
liposarcoma, and osteosarcoma (5). The absence of effective
therapeutic interventions, coupled with the propensity for early
distant metastasis and frequent recurrence, presents a formidable
challenge in clinical practice. The average age of diagnosis for PT is
40-45 years, which is comparatively younger than the typical age
range (2, 6). Previously, there have been reports of adolescent patients
diagnosed with PT. However, there is a scarcity of reports on
adolescent patients diagnosed with MPT with RMS differentiation.
In this study, we present a case of a 13-year-old adolescent diagnosed
with the rare giant MPT of the breast combined with RMS
differentiation. Additionally, we provide a comprehensive summary
of the clinical characteristics of such patients, aiming to serve as a
valuable resource for the diagnosis and treatment of similar cases.

Case presentation

A 13-year-old female patient was initially referred to our
hospital due to the presence of a large mass in her left breast,

10.3389/fonc.2023.1233208

accompanied by nipple inversion (Figure 1A). She reported that the
mass had been in existence for a duration of 3 years; however,
initially, the only symptom observed was asymmetry in the size of
her bilateral mammary glands, which did not receive significant
attention. In March of this year, the mass began to exhibit
progressive growth, with an accelerated rate of growth observed
since July. A breast ultrasound examination was carried out at a
separate medical institution, which identified a substantial mass
measuring 13.6 cm x10.9 cm x7.0 cm with an irregular contour,
completely occupying and substituting the tissue of the left breast.
The mass exhibited progressive growth starting in March of this
year, with an accelerated rate of growth observed since July.
Subsequently, a core biopsy was conducted to assess the
pathological characteristics of the mass. The findings from the
core biopsy revealed that the mass was a fibroepithelial tumor
exhibiting atypia and necrosis, with the possibility of being classified
as a borderline type.

After being referred to our hospital, a repeat breast ultrasound
evaluation was performed. The results indicated the presence of a
13.1 cm x11.8 cm x8.6 cm mixed-echo mass in the left breast,
accompanied by a dot strip blood flow signal. Additionally, the
normal mammary gland was significantly compressed. The
mammographic diagnosis confirmed that the mass occupied the
entire left breast.

The physical examination indicated that the mass exhibited
characteristics of both cystic and solid nature, displaying limited
activity. No pertinent family history pertaining to the breast tumor
was reported. Given the suspicion surrounding the pathological
attributes of the mass, coupled with the patient’s young age, a
comprehensive excision of the mass was performed (Figures 1B,
C). Subsequently, the excised mass was sent to the pathology
department for identification of its pathological subtype. Following
the surgery, the patient experienced a smooth recovery and was

FIGURE 1

(A) The left breast exhibited nipple inversion and is filled with a large combined mass. (B) The broken surgical piece of the mass. (C) The surgically
removed mass is longitudinally incised and measures 13.0 cm x10.0 cm X 9.0 cm in diameter. (D) The histopathological section (hematoxylin and
eosin staining) of the tissue from the surgical piece. (E) Immunohistochemistry results revealed the expression of Desmin, which is considered a
characteristic feature of RMS. (F) Immunohistochemistry results demonstrated the expression of Myogenin.
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discharged to her residence after 3 days. The pathological findings
ultimately confirmed that the mass was a combination of MPT with
heterogenous differentiation, specifically rhabdomyosarcoma, as
depicted in Figure 1D. Immunohistochemistry results revealed
weakly positive staining for AE1/AE3, positive staining for Desmin
(Figure 1E), and positive staining for Myogenin (Figure 1F).
Additionally, the Ki67 index was determined to be 75%. Desmin
and myogenin were identified as useful markers for differential
diagnosis (7).

Regrettably, local recurrence occurred rapidly, with the
reappearance of the mass in the left breast resembling a ping
pong ball and exhibiting aggressive growth on 3 October
(Figure 2A). Consequently, the patient was re-referred to our
hospital for further evaluation. A repeat breast ultrasound was
conducted to assess the size and characteristics of the lesion,
revealing a 5.7 cmx5.5 cm x4.5 cm mixed-echo composition with
strip blood flow signal. Based on these findings, it was postulated
that the possibility of a malignant phyllodes tumor (MPT) was
considerable. Additionally, MPTs with a high expression level of Ki-
67 (>50%) are more likely to exhibit distant metastasis (8, 9).
Considering the rapid recurrence following the previous
operation and the high level of Ki-67 expression of the mass, the
mastectomy procedure was conducted with the objective of
ensuring a maximally negative margin, while the operation area
was subjected to warm distilled water immersion to induce
hypotonic lysis and subsequent death of tumor cells. The patient
exhibited satisfactory recovery and was discharged from
the hospital.

Subsequent pathological examination revealed the presence of a
heterogenous differential component, specifically rhabdomyosarcoma
combined with slice necrosis, consistent with previous findings.
Immunohistochemical analysis demonstrated weakly positive
expression of SMA and AE1/AE3, positive expression of Desmin
and CD34, and an elevated Ki67 index of 85% Figure 2B. It indirectly
demonstrated that the stroma of the mass had the prominent role in
the development of the MPT progression in our patient.

Then, she went to another hospital for further treatment.
Unfortunately, about weeks ago, pulmonary nodules were found

10.3389/fonc.2023.1233208

by the computer tomography (CT) and positron emission
tomography/computed tomography (PET/CT) (Figures 3A, B),
which were suspected to be the lung metastasis. Chemotherapy
should be promptly initiated to impede the further progression of
the tumor. Consequently, the patient underwent four cycles of
chemotherapy, with cycles 1 and 3 consisting of vincristine 2 mg/
m?, doxorubicin 30 mg/mz, and cyclophosphamide 500 mg/mz, and
cycles 2 and 4 comprising ifosfamide 100 mg/m?* and etoposide 1.8
g/m’>. Every cycle was separated by 1 month. However, following
two cycles of chemotherapy, the size of the suspected lung
metastasis decreased from 2 cm to 1.7 cm, indicating a partial
response, although the overall efficacy of the chemotherapy was not
satisfactory. Following the subsequent evaluation, the patient had
resection of the lung nodule and undergo the subsequent cycles
of chemotherapy.

Discussion

PT is a rare form of breast neoplasm, comprising 0.5%-1.5% of
all cases, while MPT accounts for only 10%-15% of all PTs (8, 10). It
constitutes complex mammary fibroepithelial lesions and can be
graded as begin, broadline, and malignant. Although benign tumors
are the most common, some PTs have the potential to locally recur
and progress to sarcoma, as exemplified in the case we present.
Notably, the incidence and recurrence rates of PT are higher among
Asian patients compared to those in Western countries (11). The
feature in our case is that the patient is diagnosed with MPT
combined with RMS differentiation. It is worth mentioning that
MPT can be mistakenly identified as primary breast sarcoma due to
the presence of heterologous sarcomatous differentiation in the
stromal tissue. A key distinction between MPT with sarcomatous
differentiation and primary sarcoma is the absence of an epithelial
component in the latter. In order to provide a comprehensive
understanding, we have conducted a review of the clinical
characteristics of PT with heterogeneous elements, which are
presented in Table 1 (12-19). In our reported case, the
predominant recurrence element is thabdomyosarcoma, while the

FIGURE 2

(A) The recurrent mass presented a diameter of 5.7 cm x 5.5 cm x4.5 cm in the left breast within 2 months. (B) PT x 40—the histopathological
section (hematoxylin and eosin staining) of the tissue from the second surgical piece.
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A Chest CT
2022-11
B PET=CT
2022-11
FIGURE 3

(A) The chest CT imaging presented the multiple pulmonary nodules in the right and left lung, with the biggest metastasis measuring nearly 2 cm. (B)
The 18F-FDG PET/CT showed an increased FDG uptake of the largest left pulmonary nodule (inferior lobe; SUVmax, 3.9) and mild FDG uptake of the

multiple pulmonary nodules.

presence of epithelium in MPT is scarcely observed. This
observation aligns with the characteristic of MPT, which involves
uncontrolled growth of the stroma and epithelial outgrowth.
Previous studies speculated that the overexpression of IGF-II and
c-myc would drive the invasive stromal proliferation and
sarcomatous differentiation, while c-kit expression was associated
with poor prognosis and could be designed as a therapeutic target
(20). Recently, Ahmed et al. demonstrated that the expression level
of cancer stem markers in the stroma of MPT were negatively
correlated with the overall survival of MPT patients, and the
dysregulation of epithelial-mesenchymal transition may fuel the
aggressive behavior of the stroma in MPT (4).

Previous studies revealed that if the RMS was the major
component in the MPT, the difference in clinical presentation
and therapeutic strategies may not be so obvious between the
MPT with RMS differentiation and the primary RMS. Therefore,
it is imperative to comprehensively consider the clinical features of
both MPT and rhabdomyosarcoma in order to develop appropriate
management strategies for our reported patient (21). RMS is an
infrequent non-epithelial tumor in clinical practice, primarily
affecting children and comprising approximately 50% of soft
tissue tumors. However, its occurrence in breast malignant
tumors is exceedingly rare, accounting for <1% of total RMS
cases (22, 23).

The clinical presentations of MPT and RMS are similar. Both of
them may represent with the rapidly increased painless mass (24),
potentially accompanied by symptoms resulting from the mass’
impact on neighboring organs and neurovascular structures (25). In
reality, the majority of patients may initially disregard the mass
until it undergoes rapid growth within a brief timeframe, similar to
the patient that we present, who initially only observed the
asymmetry of their bilateral mammary glands. Additionally, the
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infrequent symptom of hypoglycemia resulting from the elevated
expression level of IGF-2 in the tumor tissue has been previously
documented (26). The physical examination findings in our patient
encompass nipple inversion, a mass exhibiting both cystic and solid
components with limited activity. Other symptoms, such as skin
ulceration, invasion of the chest wall, and bloody nipple discharge,
have also been sporadically reported (6). The occurrence of quick
local recurrence (LR) is an additional characteristic observed in our
case. In comparison to begin PT, the frequency of LR was higher in
MPT (8% vs. 18%) (27). Multicenter investigations have indicated
that positive margin serves as an independent risk factor for LR,
while other risk factors encompass breast-conserving surgery,
negative margins measuring <1 cm, tumor size >5 cm, mitoses,
infiltrating tumor border, moderate/severe stromal cellularity,
severe stromal atypia, severe stromal overgrowth, and tumor
necrosis (27-29). Unfortunately, the patient that we report in this
case had several risk factors for recurrence including the omission
of the chemotherapy after the first surgery, acceptance of breast-
conserving surgery, tumor size > 5 cm, and combination of tumor
necrosis. Therefore, the recurrence happened just 2 months after
the surgery. The phenomenon that the recurrence component is
mainly the RMS demonstrated that the aggressive behavior of MPT
may be caused by the stroma. Furthermore, hematogenous
metastasis happens more frequently than lymph node metastasis
for MPT, and previously reported metastatic sites for MPT included
lung, liver, adrenal, brain, bone, duodenum, heart, orbit, and
ovarian (2, 8, 30). Meanwhile, the lung is also the common
metastatic site for RMS, thus considering the lung nodule in our
patient as the metastatic MPT and initiating the adjuvant
chemotherapy immediately were reasonable (31).

The gold standard for the diagnosis of MPT with heterogenous
differentiation still relies on pathology. Core needle biopsy is a
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TABLE 1 The clinical characteristics of PT with heterogeneous elements previously reported.

Reference

Sex/

Age

Size

Malignant/
Begin/
Broadline

Heterogenous
element

Metastatic
interval

Metastatic
site

Therapeutic strategy

Prognosis
until
reported

1 Barnes, L. F/45 10~12 Malignant rhabdomyosarcoma NA 2 years lung, brain 1.radical mastectomy for the breast mass | died 2.5 years after
et al. 1978 cm 2.the entire left resection for the lung the first breast
(12) metastasis 3. irradiation for the brain mass radical
metastasis mastectomy
2 Guerrero, M.A F/96 17 x Malignant liposarcoma, NA NA NA wide excision died 10 months
et al. 2003 17x 8 leiomyosarcoma, after the surgery
(13) cm rhabdomyosarcoma,
malignant fibrous
histiocytoma
3 Tsubochi, Sato F/54 9x7 Malignant osteosarcoma vimentin (+), cytokeratin (+), S- 1 year lung subcutaneous mastectomy NA
et al. 2004 X 6 cm 100(+), CD34(+), and HER2(+),
(14) P53(-)
4 Vergine, Guy F/71 2.5cm Malignant Melanoma Melan A (+), pan-melanoma NA NA completion mastectomy without relapse or
et al. 2015 (+), S100(+), HMB45(+), CD34 distant metastasis
(15) (+), SMA (+), AE1/3(-), P53(-),
MIB1(+)
5 Narla, Stephen F/28 14x Malignant liposarcoma NA NA NA completion mastectomy lost to follow-up
et al. 2018 14x8
(16) cm
6 Jin, Bi et al. F/59 5.5x Malignant osteosarcoma SMA (+), SATB2(+), Ki67(40%), NA NA wide local excision without relapse or
2021 (17) 4.0 x Ckpan (-) distant metastasis
3.5 cm
7 Tu He Ta Mi F/52 8x6 Malignant mixed liposarcoma AE1/3(+), vimentin (+), S-100 NA NA radical mastectomy without relapse or
Shi, Wang X 5.5 (myxoid liposarcoma and (-), Ki67(90%), E-cadherin (-), distant metastasis
et al. 2021 cm pleomorphic liposarcoma p63(-)
(18)
8 Han, Liu et al. F/69 43 x Malignant rhabdomyosarcoma MyoD1(+), myogenin(+), NA NA radical mastectomy, VAC therapy without relapse or
2022 (19) 4.1x desmin(+), -SMA(+), Ki67 (vincristine, actinomycin D, distant metastasis
3.3cm (63%) cyclophosphamide)

NA, not mentioned in the reported article.
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valuable diagnostic tool, and the pathology should include stromal
hypercellularity, atypia, increased mitoses of >10/10 HPFs,
permeative tumor borders, and stromal overgrowth (3). In
addition, the existence of heterologous sarcomatous
differentiation, such as RMS differentiation in our cases, will
make PTs classified as MPT regardless of other pathological
features (32). Rhabdomyoblasts cells with atypia such as ribbon,
tadpole-like, oval shape, or undifferentiated rhabdomyoblasts with
scant cytoplasm are crucial for the diagnosis of RMS (33).
Furthermore, RMS cells also represent skeletal muscle gene
products such as myosin, desmin, myoglobin, and MYOD1
immunohistochemically (25). However, confined by the limitation
of the tissue size obtained from the core needle biopsy, the diagnosis
may not be accurate regardless of MPT or RMS, while sometimes,
histopathological examination after complete removal of the tumor
was indispensable just as in the case we reported. For example,
delayed diagnosis for RMS happens frequently, as fibroadenoma
and mastopathy may take up the majority of the mass and interfere
the judgement of the pathologist (34). As for non-invasive
examination, in our case, the difference between ultrasound
outcomes before the first surgery and after the recurrence was not
significant. In fact, as for MPT with RMS differentiation, imaging
examination can facilitate in locating the mass, evaluating the
invasion of the border, assessing the distant metastasis, and
stratifying the risk level, but may be not conductive to distinguish
different breast tumors. However, we still recommended that the
patient in our case receives the ultrasound examination monthly
after the second surgery to detect the recurrence as early as possible.

As we mentioned before, the therapeutic strategies should take
both the MPT and RMS into consideration, especially for RMS, as
the main recurrence component identified in our patient. For MPT,
no systemic standard therapy strategies have been established, and
the National Comprehensive Cancer Network (NCCN) guidelines
recommend the complete surgical resection with at least 1-cm
margins without sentinel lymph node biopsy for the treatment of
MPT. Surgeons may more likely perform breast-conservation
operation instead of mastectomy for pediatric MPT patients
considering their quality of life in the future (35, 36). However, as
previously stated, breast conservation is a risk factor for the LR, and
the patient receiving only lumpectomy combined with other risk
factors that we report in this case recurred within 2 months after the
surgery. The use of adjuvant therapy for MPT has also been
explored, but standard pathological data and prospective,
multicentric chemotherapy, or radiotherapy studies are needed to
improve the overall MPT survival (37). Alkylating-agent-based
chemotherapy or the combination of nab-paclitaxel, cisplatin, and
liposomal doxorubicin chemotherapy with radiotherapy have been
reported to be an effective option for metastatic MPT (38, 39).
Adjuvant radiation could reduce the LR for MPT patients receiving
extensive local resection but not benefit the MPT patients accepting
mastectomy (40).

Different from the dilemma of MPT, which mainly relied on the
surgery, it has long been demonstrated that the treatment for RMS
is multimodality. Surgery still takes the dominant role in the whole
therapeutic strategy. Apart from surgery, RMS is sensitive to cyto-
toxic chemotherapy and radiotherapy (25). Vincristine,
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dactinomycin, and alkylating agents are mainstream drugs for the
treatment of the RMS, with an expectation of at least 40%
improvement of the survival rate compared with the surgery
alone (41, 42). However, chemotherapy should be cautious to be
applied for adolescent patients, as alkylating agent chemotherapy
will cause the ovarian failure and result in infertility (43). Therefore,
Mance et al. harvested and frozon the ova of a 17-year-old patient
diagnosed as primary breast RMS before the initiation of adjuvant
chemotherapy (44). In addition, cisplatin chemotherapy-related
hearing loss was also reported and should be paid attention to in
the clinical practice (45). More robust evidence has demonstrated
that the use of radiotherapy can improve the long-term prognosis
for RMS patients. Radiotherapy is recommended to initiate after 12
weeks of chemotherapy (four cycles), and the overall assessment is
necessary. The dose of radiotherapy depends on several factors
including the stage, the risk group, the site of RMS, the histology
group, the degree of surgery, and the addition of the chemotherapy
(46-48). Delay or omission of radiotherapy may increase the risk of
recurrence (42). Europe RMS 2005 study revealed that in
combination of radiotherapy, the improvement of approximately
10% in 3-year event-free survival (EFS) was observed for high-risk
RMS patients, while the 3-year EFS could be improved from 39% to
56% for very high-risk RMS patients (49). The RMS is sensitive to
the ionizing radiation, but the adverse effect brought by
radiotherapy is still controversial. Radiotherapy-related adverse
events include the secondary malignancy, joint stiffness, facial
growth retardation, neuroendocrine dysfunction, and cognitive
sequelae (25, 45). To reduce the adverse events brought by
traditional radiotherapy, researchers are focusing on the proton
radiotherapy. Ladra et al. designed a phase II multicenter clinical
research and revealed that proton therapy can reduce the irradiation
dose, which decreased the acute toxicity but with the same rate of
local disease control (47).A multicenter clinical research in Japan
treating children with 36-60 GyE (median, 50.4 GyE) irradiation
dose also demonstrated that the proton radiotherapy could achieve
the same short-term effect with fewer adverse events compared to
photon radiotherapy (48).

For metastatic RMS patients, radiotherapy is still disputed, as
the authoritative classification of patient subgroups that can benefit
more from the radiotherapy than others are absent and
myelosuppression caused by radiotherapy may restrict the effect
of chemotherapy (49). However, for patients with one or more lung
metastases, whole lung radiotherapy is recommended (50).
Compared with other metastatic sites, pulmonary metastatic
nodules are more likely to benefit from the radiotherapy. A
retrospective review revealed that the pulmonary local control
could be improved from 10% to 56% by applying the
radiotherapy, and the 5-year-progression-free survival (PFS) for
lung metastasis was 29% compared with other types of metastases,
which was 7% (51).

The chemotherapy strategy for our patient was the four cycles of
vincristine-doxorubicin-cyclophosphamide/ifosfamide-etoposide
(VDC/IE) chemotherapy, which is the main chemotherapy strategy
for the treatment of Ewing sarcoma family of tumors (52).
Furthermore, VDC/IE can be used for intermediate-risk RMS,
and GOC ARSTO0431 revealed that compressing the dosing
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interval to allow the patients to receive the maximum amount of
effective agents at a short period of time in combination with
radiotherapy sensitizers can improve 3-year EFS of 69% for
metastatic RMS compared with previous RMS therapeutic
research. This improvement was achieved without a concomitant
rise in the incidence of adverse reactions, thereby surpassing the
outcomes of prior therapeutic investigations in RMS (53).

Conclusion

In this study, we present a case of an adolescent patient who was
diagnosed with MPT with RMS differentiation, contributing novel
perspectives on treatment approaches for these uncommon
diseases. Pathology remains crucial in the diagnosis of MPT, and
the integration of imaging examinations can aid in assessing the
severity and monitoring the occurrence of relapse and distant
metastases. The heterogeneous nature of MPT is of utmost
importance in clinical practice, as it can significantly influence
disease progression and guide therapeutic decision-making. As in
the patient that we report in this case, both the biological feature of
MPT and RMS should be taken into consideration for the clinical
decision-making. Surgery with negative margin is critical to reduce
the recurrence or metastasis and improve the overall survival for
both the MPT and RMS patient. Adjuvant chemotherapy and
radiotherapy are controversial for pure PT patients, but robust
evidence has revealed that RMS patients will benefit a lot from such
treatments. It is regrettable that the patient did not promptly receive
adjuvant chemotherapy upon initial diagnosis of MPT with RMS
differentiation. This serves as a reminder to medical professionals
that MPT patients with RMS differentiation can also benefit from
the multimodal treatment typically administered to primary
RMS patients.
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Introduction

Around 40% of patients with hormone receptor (HR)- positive, HER2 negative breast
cancer have an underlying activating mutation in PIK3CA gene which encodes the catalytic
p1100 subunit of the phosphatidylinositol 3-kinase (PI3K) class I enzyme (1). Alpelisib is
an o-selective PI3K (PIK3CA) inhibitor which is taken orally. The pivotal SOLAR-1 trial,
demonstrated a clinical benefit of alpelisib plus fulvestrant in patients with HR-positive,
HER2-negative, advanced breast cancer with PIK3CA mutation, who progressed on
previous hormonal therapy (2). Indeed, based on these results, alpelisib plus fulvestrant
has gained FDA approval and is an established second or subsequent line of treatment for
patients with advanced hormonal-positive, HER2-negative breast cancer with a PIK3CA
mutation. The most frequently encountered adverse events that are associated with
alpelisib are hyperglycemia, gastrointestinal symptoms (diarrhea, nausea), and rash.

Vitiligo, is an irreversible depigmentation disorder, that is occasionally observed as a
consequence of treatment with checkpoint inhibitors. Various tyrosine kinase inhibitors could
also induce pigmentary changes including hypopigmentation and hyperpigmentation. To date,
there are no reports of vitiligo secondary to PIK3CA inhibitor, alpelisib. We present a case of a
woman who developed vitiligo few months after starting this novel targeted agent.
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Patient information

A 46 years old, otherwise healthy, premenopausal woman was
diagnosed in 2016 with regionally advanced infiltrating ductal
carcinoma (stage IIIA T3NIMO) of right breast. The tumor was
positive for hormone receptors’ expression (ER and PR positive),
without HER2 amplification (HER2 + 1 by immunohistochemistry),
and with a Ki67 between 5% to 10%. She went on to receive
neoadjuvant chemotherapy (with a documented minimal response),
followed by mastectomy with axillary node dissection, and adjuvant
radiotherapy. Residual tumor was still evident in the right breast
(scattered foci of grade 3 invasive ductal carcinoma, same hormonal
and HER2 profile) with 7 out of 12 dissected axillary lymph nodes
involved by carcinoma. Adjuvant hormonal therapy with tamoxifen
was initiated along with ovarian suppression.

FIGURE 1

10.3389/fonc.2023.1255832

In 2021, patient developed recurrence (biopsy-proven) with a
disseminated disease in liver, mediastinum, and lungs. Hormonal
and HER?2 profile was consistent with the initial tumor diagnosed in
2016. Treatment with CDK4/6 inhibitor (Ribociclib) plus fulvestrant
was commenced. In June 2022, a disease progression in liver and bones
was documented. Molecular profiling revealed PIK3CA mutation and
treatment with alpelisib plus fulvestrant was started in August 2022.
Shortly after, patient developed hyperglycemia which required dose
reduction of alpelisib (dose reduced from 300 mg to 250 mg daily).

Clinical findings
Three months after the initiation of alpelisib, patient developed

skin discoloration in arms, legs, and face that was very suggestive of
vitiligo (Figure 1). She was referred to a comprehensive dermatologic
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Diffuse areas of depigmented skin apparent in the areas of face, arms, and lower legs.
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assessment. A skin biopsy was obtained, which was remarkable for
atrophic epidermis with scattered melanophages in the upper dermis.
Notably, the patient did not have neither personal or familial history of
dermatological disorders nor did not start any new concomitant
medications. Soon after this, the patient experienced a substantial
disease progression in the form of visceral crisis due to significant
deranged liver function tests, she went on to receive doublet
chemotherapy comprised of carboplatin and gemcitabine.

Discussion

Although not life-threatening, vitiligo could profoundly impact
quality of life as a result of a significant change in appearance. In the
medical oncology field, vitiligo is commonly known to be associated
with immunotherapy. In this regard, sometimes patients find comfort
in the fact that it could be a positive predictive biomarker for treatment
response (3). An autoimmune mechanism is one of the main
hypothesis behind the development of vitiligo, therefore the
association between checkpoint inhibitors and vitiligo is tangible.
However, melanocytes destruction caused by oxidative stress
secondary to radical oxygen species (ROS), is another plausible
mechanism of vitiligo (4). The Nuclear factor erythroid 2-related
factor2 (Nrf2) is a downstream component of the PI3K/Akt pathway
and is a major transcription factor of ROS scavengers (5, 6). In
addition, the expression of anti-apoptotic proteins such as BCL-2 is
upregulated, while pro-apoptotic molecules such as caspase 3 and 9 is
attenuated by the activation of PI3K/Akt pathway (7), thus preventing
apoptotic death in melanocytes which could be secondary to oxidative
stress. Therefore, inhibition of PI3KCA by alpelisib could hamper
melanocytes’ ability to manage oxidative stress leading to melanocytes’
destruction and eventually to vitiligo.

Despite its rarity, both clinicians and patients alike should be
aware of the chances of developing this sequela as it is generally
irreversible and could be quite disfiguring, leading to psychological
distress and anxiety.
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Case report: An exceptional
responder of low-dose
continuous 5-FU in a patient
with de-novo stage |V triple-
negative breast cancer with liver
and bone marrow failure
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Continuous low-dose 5-FU was popularized as a therapy for pretreated
metastatic breast cancer for the past few decades, spurred by the advent of
the electronic infusion pump. Capecitabine, otherwise known by its trade name
Xeloda, is a prodrug of 5-fluorouracil (5-FU), which is administered orally in many
chemotherapy regimens, and plays a role in metastatic breast cancer treatment
refractory to traditional anthracyclines and taxane therapy. In this case
presentation, we describe a unique case of refractory de-novo stage |V triple-
negative breast cancer presented with right breast primary invasive ductal
carcinoma, extensive lymphadenopathy, with biopsy proven bone marrow
infiltration, diffuse hepatomegaly, splenomegaly, significant hyperbilirubinemia,
and bone marrow failure treated with continuous 5-FU infusion and
subsequently oral capecitabine after initial treatment failure with nab-paclitaxel
and sacituzimab govitecan. With this case presentation, the authors aim to
showcase the versatility of 5-FU and its prodrug in treatment of metastatic
triple-negative breast cancer with severe bone marrow and liver involvement
while highlighting key physiologic and pharmacologic mechanisms.

KEYWORDS

5-FU, stage IV breast cancer, triple negative, bone marrow failure, exceptional
responder, liver failure

1 Introduction

Triple-negative breast cancer (TNBC) accounts for about 15% of all newly diagnosed
breast cancers worldwide and is among the most aggressive histologic subtype, with fewer
treatment options and a poorer prognosis overall compared to other forms of invasive
breast cancers. Demographically, TNBC tends to be more common in women younger than
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40 years of age, have a BRCA mutation, or are ethnically Black.
Around 6% of metastatic breast cancers arise de novo although,
ironically, this statistic is likely lower in TNBC compared to those
with HER2-positive disease (1).

As few as 20% of breast cancer patients and 40% of metastatic
breast cancer patients will develop hepatic metastases at some time
during their disease course. Metastatic spread to the liver often
presents clearly as a well-defined mass easily diagnosed on
radiographic imaging. The clinical course of these patients,
particularly in those with cancer infiltration to the hepatic
sinusoids, are often complicated by significant elevations in
bilirubin and hypoalbuminemia and can even lead to ascites,
encephalopathy, and fulminant hepatic failure. One recent case
study features a patient with stage IV ER-positive breast cancer with
biopsy-proven diffuse intrasinusoidal hepatic metastasis that
presented with right upper quadrant abdominal pain and bilateral
lower extremity swelling—weekly treatment with low-dose
Adriamycin resulted in prompt reversal of her liver function
testing to baseline (2).

Meanwhile, symptomatic bone marrow carcinomatosis
(characterized by diffuse infiltrative growth of tumor cells in the
bone marrow) is an extremely rare occurrence in patients with
breast cancer, representing as few as 0.17% of cases (3). Primary
clinical signs of bone marrow carcinomatosis are anemia and
thrombocytopenia, often so severe as to require supplemental
transfusions and bone marrow stimulants. Thus, in the event of
multiorgan disease, treatment can be conceivably complex and
multifaceted and may require interdisciplinary collaboration
between oncologists, other sub-specialists, and hospitalist teams.

Continuous low dose 5-FU was popularized as a therapy for
pretreated metastatic breast cancer for the past few decades, spurred
by the advent of the medtronic infusion pump. However, there has
been a dearth of recent data regarding its application among
metastatic TNBC patients. In this case presentation, the authors
aim to showcase the versatility of continuous 5-FU in treatment of

10.3389/fonc.2023.1305584

metastatic triple negative breast cancer with severe bone marrow
and liver involvement.

2 Case presentation

Patient is a 35 year-old Asian, otherwise healthy female without
significant family history of cancer, who was originally diagnosed
with de-novo stage IV triple-negative invasive ductal carcinoma via
ultrasound fine needle aspiration of the right breast mass on 13/12/
2022. The initial breast biopsy performed at outside clinic showed
grade 3, ER negative, PR negative, HER2 IHC 2+, and negative by
FISH. Subsequent fine needle aspiration of the right axillary lymph
node was consistent with metastatic carcinoma of the breast on 17/
12/2022. Patient was noted to have significantly decreased platelet
count to 25K on 17/01/2023. A PET/CT dated 31/01/2023 showed a
right hypermetabolic breast mass of 2.5 cm x 1.9 cm with extensive
adenopathy in the neck, chest, pelvic, and upper abdomen
(Figure 1). The patient was initially admitted on 20/02/2023 for
evaluation of persisting vaginal bleeding and thrombocytopenia,
status post-uterine artery ablation. Inpatient workup included a
bone marrow biopsy, which showed metastatic breast cancer in at
least 50% of the bone marrow. There were not enough biopsied
tissues for PD-L1 expression test. While awaiting further tests,
including PD-L1 expression, from the second biopsy, the patient
started cycle 1 day 1 of weekly nab-paclitaxel and received a total of
three doses dated 25/02/23, 04/03/2023, and 11/03/2023 with noted
significant reduction of right breast mass but resulting
pancytopenia responding to romiplostim, epoetin, and filgrastim
as well as intermittent red blood cell transfusion and daily platelet
transfusion. A repeat axillary lymph node biopsy confirmed high-
grade metastatic carcinoma, ER 15%, PR 0%, HER2 ITHC 0, Ki-67
85%. Tissue NGS did not show any targetable alteration. Genetic
testing via Ambry Genetics was positive for VUS in TSC2 but
otherwise negative for any other pathogenic variant. Patient

FIGURE 1

PET-CT highlighting metastatic TNBC with spread to the neck, sternum, thoracic spine, upper abdomen, and pelvis.
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finished cycle 1 of nab-paclitaxel with excellent clinical response,
and the right breast mass was decreased in size to approximately
3 cm x 2 cm on palpation; the plan was to continue therapy.
However, patient was re-admitted for hyperbilirubinemia on
27/03/2023 with a total bilirubin of 5.4 mg/dl with elevated liver
function tests (AST 197 U/L/ALT 79 U/L). Patient’s vitals were
collected in the ER, which showed that she was afebrile and
hemodynamically stable with normal respirations and heart rate.
Notable findings on exam included scleral icterus, diffuse jaundice,
and a 3-cm nodular, tender breast lesion in the lateral 9 o’clock
region. There was no asterixis, changes in mental status or other
notable findings on the physical exam. CT scan showed diffuse
hepatomegaly measuring 21.8 cm and diffuse splenomegaly,
measuring 24 cm (Figure 2) without discrete lesions, which
caused abdominal pain and bloating. Further workup failed to
identify biliary ductal obstruction. Patient was subsequently
started on salvage chemotherapy with weekly sacituzimab
govitecan (SG) dated 29/03/2023 and 04/04/2023. Liver function
testing initially improved, but subsequently worsened, with total
bilirubin at a maximum of 20.7 mg/dl dated 06/04/2023. Patient was
started on third-line therapy with continuous 5-FU planned for 10
total days from 10/04/2023 to 20/04/2023. The patient experienced
remarkable clinical response, with total bilirubin dropping steadily
and liver function testing improving daily (Figure 3). The patient
also intermittently received inpatient radiation therapy to the liver
(which resulted in transient elevations in liver function tests),
requiring momentary stopping of continuous 5-FU. She was then
transitioned from 5-FU to oral capecitabine after dated 21/04/2023
at a dose of 1000 mg/m?, 14 days on and 7 days off. Upon discharge,
the patient remained on a regimen of oral capecitabine, and
total bilirubin had dropped remarkably to 2.9 mg/dl. Upon
follow-up at 5 months, the patient remains on capecitabine with
sustained clinical response with no significant adverse side effects.
27/05/2023 restaging CT chest/abdomen/pelvis showed improve
hepatomegaly at 18.4 cm, splenomegaly at 17.5 cm and stable bone
metastasis. Patient was continued on capecitabine, restaging CT 11/

10.3389/fonc.2023.1305584

08/2023 showed stable hepatomegaly and splenomegaly and stable
bone metastasis. Clinically patient is doing well with ECOG PS of 0,
lab work showed platelet count of 128k/UL, total bilirubin 1.2 mg/
dl, AST 62 U/L, ALT 69 U/L without additional growth factor
support (Figure 4).

3 Discussion

Here, we described a unique case of refractory de-novo stage IV
triple-negative breast cancer presented with right breast primary
invasive ductal carcinoma, extensive lymphadenopathy, with biopsy
proven bone marrow infiltration, diffuse hepatomegaly, splenomegaly,
significant hyperbilirubinemia, and bone marrow failure treated with
continuous 5-FU infusion and subsequently oral capecitabine after
initial treatment failure with nab-paclitaxel, and SG.

Bone marrow failure is a rare event in breast cancer, with
symptomatic bone marrow carcinomatosis being a difficult
condition to treat given the limited literature (3). The patient’s
pancytopenia was of concern during the aforementioned initial
hospitalization, and the patient ultimately required growth factors
support with romiplostim, epoetin, and filgrastim as well as
intermittent red blood cell transfusion and daily platelet
transfusion. The patient’s initial treatment of a cytotoxic agent
(nab-paclitaxel) likely exacerbated the patient’s precarious
hematologic state, although cytopenia was present even prior to
chemotherapy initiation and likely secondary to infiltration of the
neoplasm to the bone marrow (resulting in bone marrow failure). In
terms of histology, invasive lobular carcinomas are more likely than
invasive ductal carcinomas to present with symptomatic bone
marrow infiltration (4).

In addition to bone marrow carcinomatosis, the patient’s breast
cancer also presented with metastatic spread to the liver with
marked hepatosplenomegaly, likely a reflection of diffuse, massive
intrasinusoidal infiltration of the hepatic system. Although the
patient did show signs of hepatocellular damage with significant

FIGURE 2
CT scan with contrast showing marked hepatosplenomegaly.
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Total bilirubin over course of inpatient stay.

clinical markers such as significant hyperbilirubinemia,
transaminitis and elevated alkaline phosphatase, the patient did
not technically meet the definition of acute fulminant hepatic
failure, given an INR generally below 1.5, and absence of hepatic
encephalopathy on exam. Regardless, the patient’s trend of bilirubin
was a useful clinical marker of treatment response in this rare
presentation, given a difference of nearly 18 mg/dl before and after
finishing inpatient treatment with continuous 5-FU.

It is extremely unusual that the patient had remarkable response
to 5-FU and capecitabine after initial failure of salvage SG showed in
this case. For patients with stage IV triple-negative right breast cancer
(TNBC) without PD-L1 expression, typical first-line therapy typically
consists of chemotherapy rather than chemoimmunotherapy, and
both platinum and taxanes are considered appropriate options with
similar outcomes (5). Second-line treatment is less standardized, but
SG has emerged as a primary contender after treatment failure after
first-line or second-line therapy with phase IIl ASCENT trial showed
both progression free survival (PES) and overall survival (OS) benefit,
which led to FDA approval of the first antibody-drug conjugate in
metastatic TNBC (6, 7).

Metronomic chemotherapy regimens involve continuous
administration of low-dose chemotherapy agent with no or short-
regular treatment-free intervals has known to offer important
advantages including continuous drug exposure and significantly

10.3389/fonc.2023.1305584

reduced toxicity (8, 9). The pharmacokinetic characteristics and
low-toxicity profile make low-dose 5FU or capecitabine an ideal
drug for metronomic administration.

Meanwhile, while continuous 5-FU has been utilized in the past
for meaningful palliative results of pretreated, resistant metastatic
breast cancer that failed standard first-line therapy, response rates
were typically modest (10). In this case, continuous 5-FU was able
to successfully “unpack” the bone marrow without increasing
episodes of bleeding or an increased need for inpatient
transfusions, demonstrating excellent clinical response. The
mechanism of action of 5-FU is that of a thymidylate synthase
(TS) inhibitor, interrupting DNA replication and thus causing
oxidative stress, with rapidly dividing cells (such as cancer cells or
newer cells in the bone marrow) undergoing cell death via
“thymineless death” (11). This concept has also been highlighted
by Banys-Paluchowski et al. in a recent review, which showed that
metronomic chemotherapy may be an effective alternative to
conventional chemotherapy by using low doses of continuous
chemotherapy, reducing the risk of cancer cell resistance and
possible disease progression (12).

Capecitabine acts as an antimetabolite that gets broken down to
fluorouracil, also known as 5-FU, which ultimately interferes with the
production of DNA by blocking the action of thymidylate synthase.
Capecitabine has been widely adopted as an adjuvant treatment of
TNBC with residual disease after neoadjuvant chemotherapy after the
CREATE-X trial demonstrated disease free survival and overall
survival benefits (13). The routine use of adjuvant capecitabine in
early stage TNBC may have changed the potential utility of its use in
metastatic or refractory setting. In addition, toxicity may often affect
gastrointestinal, hematologic, and integumentary systems, and
patients may require either dose-reduction or treatment
discontinuation for symptom resolution; hand is a rather common
adverse reaction, often involving focal irritation, erythema and
peeling of the hands or feet, and is also present as an adverse
reaction to various other forms of chemotherapy. The patient in
this case was able to tolerate capecitabine and 5-FU without
significant adverse effects such as hand-foot syndrome; biology
may play a role, with patients with certain ethnic background being
able to tolerate the medications better than others (14).

LFTs initially improved, but

subsequently worsened, with total
bilirubin at a maximum of 20.7 mg/dl
on 4/6/23. Patient was started on third
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FIGURE 4
Timeline of relevant clinical events (2022-2023).
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4 Conclusion

In this case presentation, we present a unique case of refractory
de-novo stage IV TNBC with bone marrow carcinomatosis, severe
thrombocytopenia, profound hyperbilirubinemia (total bilirubin
over 20 mg/dl), and liver and spleen infiltration. Patient had a
remarkable response to continuous metronomic dose of daily 5-FU
infusion and subsequently oral capecitabine after refractory
response to nab-paclitaxel and subsequent SG. Through
highlighting the remarkable clinical response of the patient
despite worsening metastatic disease with multiorgan sequelae,
the authors hope to showcase not only the complex physiology of
late stage TNBC but also better highlight the utility of metronomic
5-FU infusion and capecitabine for those with refractory disease
(15). More research is needed to further understand the mechanism
of action for the metronomic dosed chemotherapy agent and how to
define the optimal biological dose of such an agent to market its
utility in the era of immunotherapy and antibody drug conjugates.
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Case report: Urothelial injury
in a female with breast cancer:
a rare adverse event after the
combination of paclitaxel

and trastuzumab

Tinghua Cao*, Zhipei Duan?, Jing Zhu*, Jing Wu*, Jun Chen?,
Mingjun Jiang?, Xialiang Lu® and Yan Li*

‘Department of Oncology, Suzhou Ninth People’s Hospital, Suzhou Ninth Hospital Affiliated to
Soochow University, Suzhou, China, 2Department of Urinary Surgery, Suzhou Ninth People’s
Hospital, Suzhou Ninth Hospital Affiliated to Soochow University, Suzhou, China, *Department of

Pathology, Suzhou Ninth People's Hospital, Suzhou Ninth Hospital Affiliated to Soochow University,
Suzhou, China

Several breast cancer (BC) patients showed urinary tract infection after adjuvant
trastuzumab plus paclitaxel, but no case of urothelial injury has been reported. In
this case, we report a 47-year-old female patient with stage | invasive ductal
carcinoma in the left breast presenting with urothelial injury after the
combination of trastuzumab and paclitaxel. Initially, the patient was highly
suspected of having urinary tract infection as she showed abdominal and low
back pain, as well as urinary irritation symptoms and hematuria. Unfortunately,
the conditions were not attenuated after anti-infection therapy. Contrast-
enhanced CT showed extensive exudation and edema in the bilateral renal
pelvis, ureter, and bladder, together with dilatation and effusion in the renal
pelvis and ureter. Cystoscopy showed extensive congestion, edema, and erosion
in the bladder epithelium. Pathological analysis demonstrated slight thinning or
even loss in the uroepithelial cell layer and interstitial congestion. In addition,
there was growth arrest in the epithelial cells. Immunohistochemistry indicated
HER?2 expression in the urothelial cells. Finally, the patient was diagnosed with
urothelial injury after combination of paclitaxel and trastuzumab. The symptoms
were spontaneously cured with no administration of any antibiotics in the 3-
month follow-up.

KEYWORDS

trastuzumab, paclitaxel, urothelial injury, adverse events, urinary tract infection,
case report
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Introduction

The adjuvant paclitaxel and trastuzumab has been commonly
utilized for treating breast cancer (BC), which has greatly reduced
the risk of recurrence and improved the patient’s survival (1, 2).
Inevitably, many patients experience mild or even severe adverse
events (AEs). Several BC patients show symptoms of urinary tract
infection after trastuzumab and paclitaxel (3), but few or even no
cases showed urothelial injury sharing similar symptoms with
urinary tract infection (4). We hypothesized that the possibility
that urothelial injury was misdiagnosed as urinary tract infection
may help explain this. In this study, we reported a case of a 47-year-
old female BC patient presenting with urothelial injury after
paclitaxel and trastuzumab combination, which was initially
misdiagnosed as urinary tract infection. This case report may
contribute to our understanding of the AEs involving the
urinary tract.

Case presentation

A 47-year-old lady with BC presented to our hospital for treatment.
Before presenting to our department, she received modified radical
resection in a hospital in Shanghai. Postoperative pathological results
showed invasive ductal carcinoma (stage IA, pT1cNOMO), with no
lymph node involvement. Immunohistochemistry (IHC) test results
were estrogen receptor (ER) negative and progesterone receptor (PR)
negative but HER2 positive. After excluding the contraindications of
chemotherapy, the patient was given adjuvant therapy using paclitaxel
and trastuzumab (5). On day 3, the patient showed abdominal and low
back pain, as well as urinary irritation symptoms (e.g,, frequent and
urgent urination, dysuria) and hematuria. Routine blood test indicated
neutropenia. On this basis, the patient was highly suspected of having
urinary tract infection. She received ceftazidime and levofloxacin for 3
days. As the conditions showed no attenuation, she was switched to
Tylenol anti-infective therapy. The results for urine bacterial and fungal

FIGURE 1
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cultures and smear microscopy in tuberculosis were negative. Urinary
ultrasound showed hydronephrosis. Unfortunately, the conditions
were not attenuated after 1-week anti-infection therapy. Antibiotics
were then terminated and replaced with dexamethasone. Cystoscopy
was completed, and a biopsy was done 6 days later with pathologic
testing. Contrast-enhanced CT indicated extensive exudation and
edema in the bilateral renal pelvis, ureter, and bladder, together with
dilatation and effusion in the renal pelvis and ureter (Figures 1-3).
Cystoscopy showed extensive congestion, edema, and erosion in the
bladder epithelium. Urinary tract pathology indicated slight thinning
or even loss in the epithelial cell layer of the urinary tract, together with
interstitial congestion. In addition, there was growth arrest in the
epithelial cells, with a high possibility of cellular exfoliation. IHC
indicated HER2 positivity in the urinary tract (Figure 4). Finally, the
patient was diagnosed with urothelial injury rather than urinary tract
infection after combination of paclitaxel and trastuzumab. In the 3-
month follow-up, the symptoms were spontaneously cured with no
administration of any antibiotics. This study was performed according
to the convention of the Declaration of Helsinki. The research protocol
was approved by the Ethics Committee of Suzhou Ninth People’s
Hospital, Suzhou Ninth Hospital Affiliated to Soochow University.
Written informed consent was obtained from the patient.

Discussion

Urinary tract infection has been commonly reported in patients
who underwent combined trastuzumab and paclitaxel. Nevertheless,
no studies have reported cases with urothelial injury after such a
regimen. In this study, our patient was initially misdiagnosed with
urinary tract infection as she showed symptoms of urinary irritation.
For a typical lower urinary tract infection, a 3-day anti-infection
therapy regime is generally sufficient. Conversely, complex cases
involving the upper urinary tract often require a prolonged
antibiotic course, usually spanning 7 days to 14 days. The efficacy
of treatments for urinary tract infections is commonly discernible

Contrast-enhanced CT imaging of the renal pelvis at week 1 after urinary tract irritation. (A, B) Extensive exudation and edema in the bilateral renal

pelvis. The white arrow represents the edema of the renal pelvis.
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FIGURE 2
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Contrast-enhanced CT imaging of the ureter at week 1 after urinary tract irritation. (A, B) Extensive exudation and edema in the bilateral ureter. The

white arrow represents the edema of the ureter

within an approximate timeframe of 3 days. In cases of poor response
to 3- or 7-day antibi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>