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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 1” 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 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, 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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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 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 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 demonstrated in Figure 2. She underwent staging with 18F-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.

[image: Histological images labeled A, B, and C. Image A shows tissue with red and purple staining indicating cellular structures. Image B displays a close-up of cells with blue and red hues. Image C contains brown-stained cells in a distinct pattern.]
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).

[image: Panel A shows a histological section with densely packed dark nuclei, indicating cellular proliferation. Panel B provides a closer view with prominent nucleoli and fibrous stroma. Panel C demonstrates immunohistochemical staining with concentrated dark areas against a lighter background.]
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.

She initiated neoadjuvant treatment with dose dense AC [Adriamycin (60mg/m2) and Cyclophosphamide (600mg/m2)]. 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 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 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/m2 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

BCCF, 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 breast cancer patients who do not have evidence of choriocarcinoma or choriocarcinoma features in their tumor (1). 18F-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 18F-FDG PET/CT to diagnose the tumor mass in one of their BCCF cases (8). Similarly, in our case 18F-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 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.

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


[image: A table detailing clinical data from various cancer studies. Columns include study year, age and sex, pregnancy status, histology, initial serum bHCG, stage, treatment, progression-free survival (PFS), and overall survival (OS). Each row represents a different case, providing specifics like histological findings, treatment regimens, and survival outcomes. Notable entries include different types of carcinoma, treatments like mastectomies and chemotherapy regimens, and varying survival durations. Footnotes explain abbreviations and treatment dosages.]
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 than standard breast cancer regimens and should be considered early in the course of therapy in nonresponsive patients.



Data availability statement

The datasets presented in this article are not readily available because All PHI has been excluded in the article. Requests to access the datasets should be directed to KM, krisha.mehta@stonybrookmedicine.edu.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


References
	1. Saigo, PE, and Rosen, PP. Mammary carcinoma with "choriocarcinomatous" features. Am J Surg Pathol (1981) 5(8):773–8. doi: 10.1097/00000478-198112000-00006
	2. Erhan, Y, Ozdemir, N, Zekioglu, O, Nart, D, and Ciris, M. Breast carcinomas with choriocarcinomatous features: case reports and review of the literature. Breast J (2002) 8(4):244–8. doi: 10.1046/j.1524-4741.2002.08411.x
	3. Resetkova, E, Sahin, A, Ayala, AG, and Sneige, N. Breast carcinoma with choriocarcinomatous features. Ann Diagn Pathol (2004) 8:74–9. doi: 10.1053/j.anndiagpath.2004.01.003
	4. Mohammadi, A, and Rosa, M. Carcinoma of the breast with choriocarcinomatous features. Arch Pathol Lab Med (2011) 135(9):1097–100. doi: 10.5858/2010-0334-RSR1.1
	5. Siddiqui, NH, Cabay, RJ, and Salem, F. Fine-needle aspiration biopsy of a case of breast carcinoma with choriocarcinomatous features. Diagn Cytopathol (2006) 34:694–7. doi: 10.1002/dc.20485
	6. Oguz, A, Dizdar, O, Altundag, O, Kucukoztas, N, and Rahatli, S. Breast carcinoma with choriocarcinomatous differentiation: A rare case. EJCRIM (2014) 1. doi: 10.12890/2014_000017
	7. Murata, T, Ihara, S, Nakayama, T, Nakagawa, SI, Higashiguchi, T, Imai, T, et al. Breast cancer with choriocarcinomatous features: A case report with cytopathologic details. Pathol Int (1999) 49:816–9. doi: 10.1046/j.1440-1827.1999.00940.x
	8. Sung, HJ, Maeng, YI, Kim, MK, Lee, SJ, Kang, SM, Bong, JG, et al. Breast carcinoma with choriocarcinomatous features: a case report. J Breast Cancer (2013) 16(3):349–53. doi: 10.4048/jbc.2013.16.3.349
	9. Buza, N, and Hui, P. Genotyping diagnosis of gestational trophoblastic disease: Frontiers in precision medicine. Mod Pathol (2021) 34:1658–72. doi: 10.1038/s41379-021-00831-9
	10. Zhu, Y, Liu, M, Li, J, Jing, F, Linghu, R, Guo, X, et al. Breast carcinoma with choriocarcinomatous features: A case report and review of the literature. World J Surg Oncol (2014) 12:239. doi: 10.1186/1477-7819-12-239
	11. Fowler, CA, Nicholson, S, Lott, M, and Barley, V. Choriocarcinoma presenting as a breast lump. Eur J Surg Oncol (1995) 21:576–8. doi: 10.1016/S0748-7983(95)97675-2
	12. Akbulut, M, Zekioglu, O, Ozdemir, N, and Kapkac, M. Fine needle aspiration cytology of mammary carcinoma with choriocarcinomatous features: a report of 2 cases. Acta Cytol (2008) 52:99–104. doi: 10.1159/000325443



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Mehta, Nouvini, Liu, Wang and Stopeck. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




CASE REPORT

published: 23 January 2023

doi: 10.3389/fonc.2022.1013653

[image: image2]


Primary breast osteosarcoma in a patient previously treated for ipsilateral invasive ductal carcinoma: An unusual case report with clinical and genomic features


Siji Zhu 1†, Haoyu Wang 1†, Lin Lin 2, Xiaochun Fei 3* and Jiayi Wu 1*


1 Department of General Surgery, Comprehensive Breast Health Center, Ruijin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China, 2 Department of Clinical Laboratory, Ruijin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China, 3 Department of Pathology, Ruijin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China




Edited by: 

Yusuf Tutar, University of Health Sciences, Turkey

Reviewed by: 

Tanuja Shet, Tata Memorial Hospital, India

Thomas Efferth, Johannes Gutenberg University Mainz, Germany

*Correspondence: 

Jiayi Wu
 pinkscorpio@163.com 

Xiaochun Fei
 xcf0222@163.com










†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Breast Cancer, a section of the journal Frontiers in Oncology


Received: 07 August 2022

Accepted: 12 December 2022

Published: 23 January 2023

Citation:
Zhu S, Wang H, Lin L, Fei X and Wu J (2023) Primary breast osteosarcoma in a patient previously treated for ipsilateral invasive ductal carcinoma: An unusual case report with clinical and genomic features. Front. Oncol. 12:1013653. doi: 10.3389/fonc.2022.1013653



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.
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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 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 (pT1bN0M0, stage IA). At that time, she underwent lumpectomy and sentinel lymph node biopsy followed by anthracycline/taxane-based adjuvant chemotherapy and radiotherapy (40 Gy 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.

[image: Four medical imaging panels of a breast. Panel a: LCC mammogram showing dense tissue patterns. Panel b: LMLO mammogram highlighting areas of interest with markers. Panel c: Ultrasound displaying a hypoechoic mass. Panel d: MRI with a bright oval shape, likely indicating a lesion.]
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.



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 × 40 mm × 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 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).
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Figure 2 | Histology: (A) ×25 magnification, (B) ×50 magnification, and (C) ×100 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 areas.



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 patient. Several copy number variant (CNV) events were identified in the PBOS sample, including CN gains of FGFR1 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.




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 IHC 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 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, MRI, 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 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 FGFR1 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 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.

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



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. 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 × 4.9 × 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 × 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.

[image: Mammographic images labeled A, B, C, and D. Panels A and B show craniocaudal views with visible dense breast tissue. Panels C and D display mediolateral oblique views, illustrating similar dense tissue patterns.]
Figure 1 | (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.

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 × 15 × 53 mm (transverse and longitudinal planes) and 42 × 9 × 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 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).

[image: Ultrasound images of a breast show different views: A) Longitudinal view with smooth tissue structures. B) Doppler ultrasound with red and orange areas indicating blood flow. C) Panoramic view measuring a 61.1 mm by 14.9 mm area. D) Dual screen with a standard and magnified view. E) Cross-sectional view with a round structure measuring 23.1 mm by 9.3 mm. F) Smaller oval structure measuring 16.0 mm by 9.4 mm, consistent with a cystic appearance.]
Figure 2 | (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.

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.

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 PAX8, 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 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.

[image: Microscopic images labeled A and B show lung tissue sections. Panel A reveals diffuse alveolar damage with hyaline membranes and inflammatory cell infiltration. Panel B shows connective tissue proliferation and interstitial inflammation. Both are stained with hematoxylin and eosin at a magnification of ten times.]
Figure 3 | H&E-stained sections at 100× 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 the endometrial tumor in Figure 3.

[image: Histological panel showing six labeled sections. Panel A: GATA-3 in endometrium, faint staining. Panel B: GATA-3 in breast tissue, faint staining. Panel C: PAX8 in endometrium, intense staining. Panel D: PAX8 in breast, moderate staining. Panel E: Napsin A in endometrium, prominent staining. Panel F: Napsin A in breast, light staining.]
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 Müllerian 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.

[image: Panel of four histological images. A: Estrogen receptor (ER) staining in endometrial tissue, showing high intensity. B: ER staining in breast tissue, showing moderate staining. C: Human epidermal growth factor receptor 2 (HER2) staining in breast tissue, with low intensity. D: Mammaglobin staining in endometrial tissue, showing minimal expression.]
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.

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 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). 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 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 GCDFP-15, GATA 3, or mammaglobin, and in such cases, SOX-10 may be helpful (16). On the other hand, PAX8 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 breast is even more unique, with this being the first known case report in the current literature. In general, the prognosis of patients with metastasis to the breast is poor, with a reported median survival of only 10–15 months from the time of diagnosis and over 70% having widespread metastatic disease (13). As such, an early and accurate diagnosis of extramammary breast metastasis is important, so that appropriate treatment can be instituted for these patients.
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Case report: Response to endocrine therapy in triple-negative breast cancer metastases with altered hormone receptors
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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.
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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, HER2 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 cm3 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-T2N0M0 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-T0N0M1 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 d1-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.

[image: Timeline of cancer treatment and scans showing lung images over time. Each scan is labeled with the therapy received and dates. Notable treatments include Docetaxel, Oxaliplatin, Bevacizumab, Capecitabine, Vinorelbine, and Letrozole. A visual depiction of changes in pulmonary nodules and pleural effusion is shown through medical scans. The timeline spans surgery in 2004 to ongoing treatment in 2021, highlighting changes in tumor activity and response to various therapies.]
Figure 1 | Timeline of the patient: (B-G, H1, I) 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.

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 1H1, 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 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.

[image: Histopathological images labeled A to F. Panel A shows a tissue stained with hematoxylin and eosin, highlighting cellular structures. Panels B to F display immunohistochemical staining with varying intensities of brown pigment, indicating protein expression levels in the tissues. Panel F has the least staining, suggesting lower expression compared to others.]
Figure 2 | 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 100×). The immunohistochemical stain showed (B) CK7 (+) and (C) GATA3 (+) supporting breast cancer metastasis (magnification 100×). The immunohistochemical stain showed (D) ER (+), (E) PR (+), (F) HER-2(1+) representing Luminal A subtype (magnification 100×).

[image: Line graph showing concentrations of CEA, CA153, CA125, and CA199 from December 2016 to May 2022. CA125 (orange squares) peaks significantly between mid-2021 and early 2022, reaching around 250 ng/ml. CA153 (gray triangles) shows a gradual increase, peaking below 150 ng/ml. CEA (blue diamonds) and CA199 (yellow X's) remain low, under 10 ng/ml.]
Figure 3 | Serum tumor biomarker during treatment.



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 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, 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.

Table 1 | Literature review of ER, PR and HER2 discordance between primary tumors and corresponding metastatic sites.


[image: Table displaying studies on biomarker reassessment. Columns show reference, cases, metastatic sites, type of analysis, ER (gain/loss), PR (gain/loss), HER2 (gain/loss), and changes in therapy. Data includes various studies with gains/losses in biomarkers and therapy changes, e.g., Thompson 2010 with 137 cases reported 10.2% ER gain/loss, 24.8% PR gain/loss, 2.9% HER2 gain/loss, and 17.5% therapy change. Other studies show similar analyses, with different percentages and effects on therapy, ranging from no change to a maximum of 31% change in therapy.]
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. 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 (MFS) 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 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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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%), human epidermal growth factor receptor-2 (HER2)-negative, low-grade (G1) invasive cancer of the right breast (pT2N2, M0; 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).

[image: Four-panel image showing skin changes on a person's upper body. Panel A shows the front view with mild discoloration on the neck and upper chest. Panel B shows the back with faint, irregular patches. Panel C displays a rear view with more pronounced skin contrast on the neck. Panel D shows a back view with significant, irregular discoloration across the shoulder blades and back.]
Figure 1 | (A) Erythematous-vesicular cutaneous rash after 3 months of therapy with ribociclib. (B–D) Residual depigmented areas of the back.

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).

[image: Four histological images labeled A to D show skin tissue samples under a microscope. A: H&E stain showing epidermis and dermis, with dense pink collagen. B: Blue stain with red arrows indicating specific cell structures in the dermis. C: Sparse brown staining in epidermis with light blue background. D: Dense brown staining in epidermis, with blue nuclei and lightly stained dermis.]
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 ×100). (B) Focally detected melanin (red arrows) in few dermal melanophages (melan-A monoclonal antibody, A103, Invitrogen; original magnification ×100). (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 ×50 (C) and ×100 (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 v1.1. 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 (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 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, pN0, M0) 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.
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Figure 3 | (A, B) Extensive depigmentation cutaneous areas after 1 month of stopping the therapy with ribociclib.

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.

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.

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.

In conclusion, these two case reports documented response to endocrine therapy alone after a premature interruption of CDK4/6i 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 PFS 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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Olivia A. Sagan 1, Anna Rothstein 1, Bhaghyasree Jambunathan 1, Mersiha Hadziahmetovic 1, Anita Antoniolli 2 and M. Hammad Rashid 3*


1 The University of Toledo College of Medicine and Life Sciences, Toledo, OH, United States, 2 Promedica Physicians, Sylvania, OH, United States, 3 University of Toledo Medical Center – Dana Cancer Center, Toledo, OH, United States




Edited by: 

Charles Theillet, Institut du Cancer de Montpellier (ICM), France

Reviewed by: 

Irene Konstantopoulou, National Centre of Scientific Research Demokritos, Greece

Moom Rahman Roosan, Chapman University, United States

*Correspondence: 

M. Hammad Rashid
 Mohammad.Rashid@utoledo.edu


Received: 01 March 2023

Accepted: 02 May 2023

Published: 17 May 2023

Citation:
Sagan OA, Rothstein A, Jambunathan B, Hadziahmetovic M, Antoniolli A and Rashid MH (2023) Case report: Neuroendocrine breast carcinoma with a germline EGFR T790M mutation. Front. Oncol. 13:1176868. doi: 10.3389/fonc.2023.1176868






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.
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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.





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: c.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.

Table 1 | Results of somatic alterations and variants of unknown significance found in patient.
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Magnetic resonance imaging further characterized the previously biopsied right 10:00 breast lesion as irregular and lobulated with central areas of necrosis and heterogeneous 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 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 (cT3 cN1-2 M0), clinical prognostic stage IIIC. 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 ypT1aN1a. 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.

[image: Timeline graphic detailing a breast cancer treatment journey. Starting from February 2020, it includes biopsy results indicating triple-negative breast cancer, chemotherapy, and MRI findings. Events unfold with mastectomy, radiation, and continued treatment through 2022, culminating with no evidence of metastasis in December 2022.]
Figure 1 | Timeline of Patient Diagnosis and Treatment. LN, lymph node; CT CAP, CT of chest/abdomen/pelvis; TNBC, triple negative breast cancer; NEC, neuroendocrine carcinoma.





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 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 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).

[image: Diagram illustrating the EGFR pathway with domains: extracellular, transmembrane, and tyrosine kinase. It shows a T790M mutation in exon 20. Signaling cascades include PI3K, RAS, JAK leading to cell proliferation, differentiation, and survival.]
Figure 2 | Intracellular Pathways of EGFR T790M Mutation in Pathogenesis of Breast Cancer.

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 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.





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.





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.
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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 NSAI; mPFS 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-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:

	T0 –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 UI/ml) and subsequently negativized (<10 UI/ml) (Figure 1).

[image: Table and line graph showing liver enzyme levels over specified dates. The table includes HBV DNA, AST, ALT, and ALP levels from September 2021 to February 2022, noting Tenofovir therapy start and Ribociclib cycle. The graph plots AST and ALT levels, indicating a rise from September 2021 to January 2022, with ALT consistently higher.]
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.

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)].

[image: Comparison of two chest CT scans. The left scan, labeled Figure 2a from September 2021, shows a cross-sectional view of the thorax. The right scan, labeled Figure 2b from January 2022, depicts a similar perspective. Both images are framed in blue.]
Figure 2 | (A) CT scan showing thickened right mammal gland. (B) Revaluation CT scan showing reduced mass in infero-external right breast.

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

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).

[image: Timeline arrow showing disease progression and treatment: September 2021 - diagnosis of metastatic luminal breast cancer and hepatitis B. Treatment includes Tenofovir and Ribociclib plus ET. January 2022 - partial disease response, HBV DNA not detectable. May and September 2022 - stable disease.]
Figure 4 | Timeline with most relevant case episodes.





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 cdk4/6 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 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 HCV, 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 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.





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 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) (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 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).

[image: Image A shows a person’s forearms extended outward on a black surface, with noticeable swelling. Image B displays the same person’s arms bent, covering their face, also showing the swelling on the forearms.]
Figure 1 | Left Upper Limb Lymphedema. (A: Palmar Side of Forearm, B: Dorsal Side of Forearm).

[image: A person lying down with a measuring tape being wrapped around their waist. The person's hand holds the tape, which shows a measurement in centimeters.]
Figure 2 | Measurement Method for Left Upper Limb Lymphedema.

Table 1 | The changes of arm circumference within the first month.


[image: A table showcasing measurements over 30 days, with measurements taken from the ulnar styloid process to the shoulder at intervals of 0, 10, 20, 30, and 40 centimeters. The table records values for each interval across the 30-day period, showing changes over time. The measurements in the table appear to be consistent, with gradual variations, indicating progressive changes or stability in measurements.]
[image: A person wearing a white striped shirt and a supportive back brace is standing in front of a table. Their right arm is in a white mesh brace. In the background, there is a chalkboard with writing on it.]
Figure 3 | Functional Brace Wearing.

Table 2 | The changes of arm circumference.


[image: Table showing measurements of the left arm circumference at five points from the ulnar styloid process to the shoulder in 10 cm intervals: 0, 10, 20, 30, and 40 cm. Before treatment, circumferences are 22, 33, 38, 38, and 45 cm, respectively. After treatment, measurements are 18, 27, 33.8, 33, and 39 cm. The differences between arms in circumference are also noted: Before treatment, differences are 14, 11.5, 9, 14, and 9 cm. After treatment, differences are 10, 5.5, 4.8, 9, and 3 cm.]
Table 3 | Changes before and after the comprehensive treatment.


[image: Table showing changes before and after comprehensive treatment. Range of forward flexion improves from 150 to 160 degrees, shoulder abduction from 140 to 155 degrees, and elbow flexion from 110 to 120 degrees. Wrist dorsiflex remains at 30 degrees. Muscle strength grades improve to Grade 5. Barthel Index rises from 95 to 100 points. FACT-B total improves from 53 to 79 points, with gains in physical, social, emotional, functional well-being, and additional concerns. Kessler Psychological Distress Scale reduces from 24 to 17 points.]
[image: A person's arm and hand are extended on a bed covered with a white sheet. The hand is open, with fingers spread. A blue exercise ball is visible in the background.]
Figure 4 | Left Upper Limb Lymphedema After Treatment.

[image: Flowchart depicting comprehensive rehabilitation therapy for left upper limb lymphedema. Images show the forearm's palmar and dorsal sides before treatment (Figure 1), measurement method (Figure 2), functional bracing (Figure 3), and arm after treatment (Figure 4). Steps include conventional rehabilitation, core and respiratory training, and postural assessment.]
Figure 5 | The flow chart of treatment.

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.

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 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. 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, 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 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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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 (T3N2M0) (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 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.
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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, ×100), ((B), H&E stain, ×200), Immunohistochemical staining revealed that the rectal cancer cells were positive for CK20 ((C) ×100). 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, ×100), (E, H&E stain, ×200), Immunohistochemical staining revealed that the breast tumor cells were positive for CK20 (F ×100), CDX-2 (G ×100), Villin (H ×100), and were negative for GATA-3 (I ×100).

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.

[image: Close-up of a breast showing red, inflamed, and scaly skin around the areola and nipple, indicating a possible skin condition. There are patches of discoloration and a slightly raised area.]
Figure 2 | Large redness and swelling visible in the left breast at the time of presentation.

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, 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).

[image: MRI and ultrasound images of breast and pelvic regions. Panel a: MRI of the breast showing a tumor with an arrow pointing to it. Panel b: MRI with another view highlighting the tumor area. Panel c: Ultrasound image with an arrow pointing to a lesion. Panel d: CT scan of the pelvic area displaying a lesion indicated by an arrow.]
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.

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 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 iliac vessels and the retroperitoneum were slightly reduced (Figure 4). These findings suggest a positive response to the chemotherapy treatment.
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Figure 4 | 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.





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 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 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.

Table 1 | Reported cases of rectal cancer metastasis to breast.


[image: Table showing studies of breast metastasis. Columns include study, age, sex, metastasis location, time of detection, and side. Ages range from 21 to 69. Most patients are female, with one male. Metastasis occurs in breast, lung, liver, and other areas. Detection times vary from direct detection to several years. Location is specified as left, right, or bilateral.]
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 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 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.
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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. Sørlie 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 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 pT1c-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. BRCA1 and BRCA2 analysis showed no mutations.
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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).

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-L1 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.

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 BRCA1 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 NFKB2 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.

Table 1 | Somatic variants obtained from the WGS bioinformatic analysis.
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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. SBS1 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 η (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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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.

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: PRJNA292118, 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 PRJNA855324 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 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 (ESR1), 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 ESR1, medium expression levels for MKI67, and high expression levels for HER2 and AR.
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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.

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 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 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.

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 positive or negative HER2 clinical category is evolving towards a continuum (23, 24). Here, our patient did not receive any anti-HER2 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.

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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Long-term complete response with third-line PARP inhibitor after immunotherapy in a patient with triple-negative breast cancer: a case report
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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/BRCA2 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 BRCA1 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.
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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 affects 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 BRCA1 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.

BRCA1 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/BRCA2 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 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 BRCA1 mutated (BRCA1m) 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 pN1a (1+/20). She received adjuvant treatment (5-fluorouracil 500 mg/m2, epirubicin 100 mg/m2, and cyclophosphamide 500 mg/m2, three cycles, every 21 days, and subsequent docetaxel 100 mg/m2, three cycles, every 21 days) and radiotherapy to the right breast.

[image: Timeline illustrating the progression of breast cancer. It begins in March 2011 with a diagnosis and surgery, followed by radiotherapy, adjuvant therapies, and a second diagnosis in 2016. In May 2016, BRCA1 is identified, transitioning from early to advanced breast cancer. Subsequent treatments include systemic therapies and progressions in 2018 and 2020.]
Figure 1 | Case report timeline. 1L, first line; 2L, second line; 3L, third line.

[image: Mammogram showing a breast with subtle irregularities, likely indicating the presence of a mass. The image displays varying tissue densities, with a bright white spot near the center suggestive of an abnormality.]
Figure 2 | Baseline mammography showing pathological lump in the right breast.

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, pN0 (0/10), ER: 0%, PgR: 0%, Ki-67: 75%, HER2-neu: 0], followed by treatment with docetaxel 600 mg/m2 plus cyclophosphamide 75 mg/m2 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 c.3514G>T p.Glu1172* in the BRCA1 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.

[image: CT scan of the chest showing a cross-sectional view of the thorax with a red arrow pointing to a mass or abnormality on the right side of the chest near the rib cage.]
Figure 3 | First evidence of metastatic disease on baseline PET-CT scan.

In July 2018, she was enrolled in the phase III 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/m2 on Days 1, 8, and 15 every 28 days until disease progression or unacceptable toxicity]. She received four cycles of therapy. Trial unblinding at disease progression showed that the patient was in the placebo arm.

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 CLAG525B2101 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 G1, vomiting G1, and hypothyroidism G2; carboplatin was discontinued after 10 cycles due to infusion-related hypersensitivity reaction.

[image: CT scan images in three panels. Panel A shows a cross-section of the chest with a red arrow pointing to the outer chest wall. Panel B reveals a similar chest cross-section with a measurement indicating 2.77 centimeters. Panel C displays another chest cross-section with no annotations.]
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.

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 constitute an important therapeutic option in this disease with high unmet need. However, these results were not replicated in the follow-up IMpassion131 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 PFS 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 BRCA1 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 Δ 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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Case Report: Ribociclib-induced phototoxicity presented as dyschromia with subsequent bullae formation
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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 CD1a+ epidermal Langerhans cells and infiltrating CD4+ 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.
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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 QTc, 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 B1 (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 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.

[image: Series of images showing different parts of a person's skin with visible lesions. (A and B) Inner forearm with multiple flat, discolored patches. (C and D) Lower legs with similar lesions, varying in size and color intensity. (E) Lower back displaying more of the same lesions, scattered across the area.]
Figure 1 | Skin pigmentation in the (A) right forearm, (B) left forearm, (C) left lower leg, (D) right lower leg, and (E) trunk.

[image: Histological comparison of pigmentation skin and bullous lesion. Panels A and B show H&E staining, highlighting cellular structures. Panels C and D display Fontana-Masson staining, indicating melanin presence. Panels E and F show HMB-45 staining, revealing melanocytic activity. Each section is labeled with a fifty-micrometer scale bar for reference.]
Figure 2 | 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.

Further, immunohistochemical staining revealed activated epidermal Langerhans cells presenting with CD1a 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.

[image: Histological comparison of pigmentation skin and bullous lesion under immunohistochemistry staining. Panels A and B show CD1a markers, C and D show CD3, E and F show CD4, and G and H show CD8. Each set contrasts pigmentation skin and bullous lesion states, illustrating variations in marker density and distribution. Each micrograph includes a 100-micrometer scale for reference.]
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.

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.




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 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 CD1a, 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 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.
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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, 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 ×10.9 cm ×7.0 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.

[image: 1A shows a swollen area on the chest. 1B presents a large, removed tumor with a varied texture and color. 1C displays four cross-sections of tissue. 1D illustrates a histological slide with densely packed cells. 1E and 1F highlight immunohistochemical staining with dark brown highlights, indicating different protein expressions in the tissue.]
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 ×10.0 cm × 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.

After being referred to our hospital, a repeat breast ultrasound evaluation was performed. The results indicated the presence of a 13.1 cm ×11.8 cm ×8.6 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 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 cm×5.5 cm ×4.5 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.

[image: Close-up of a raised, round swelling on a person's chest with visible skin texture and nipple. To the right, a microscopic view of tissue in pink and purple hues, showing cellular structures.]
Figure 2 | (A) The recurrent mass presented a diameter of 5.7 cm × 5.5 cm ×4.5 cm in the left breast within 2 months. (B) PT × 40—the histopathological section (hematoxylin and eosin staining) of the tissue from the second surgical piece.

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 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/m2, doxorubicin 30 mg/m2, and cyclophosphamide 500 mg/m2, and cycles 2 and 4 comprising ifosfamide 100 mg/m2 and etoposide 1.8 g/m2. 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.

[image: Panel A shows three cross-sectional chest CT images from November 2022, each highlighting areas in the lungs with arrows. Panel B displays PET-CT images from the same period, indicating increased metabolic activity in corresponding lung areas as marked by arrows.]
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.





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 rhabdomyosarcoma, while the 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).

Table 1 | The clinical characteristics of PT with heterogeneous elements previously reported.


[image: A table displays clinical data of eight cases. Columns include Reference, Sex/Age, Size, Malignant/Benign, Heterogenous Element, IHC, Metastatic Interval, Metastatic Site, Therapeutic Strategy, and Prognosis. The data highlights various tumors, treatments, and outcomes, such as metastatic intervals, therapeutic strategies like mastectomies and chemotherapy, and prognosis details like survival or follow-ups.]
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 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 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, 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 ARST0431 revealed that compressing the dosing 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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Alpelisib plus fulvestrant is a valid second or advanced line of treatment for patients with metastatic hormone receptor (HR)-positive, HER2-negative breast cancer who harbor an activating PIK3CA mutation. The well-known side effects of alpelisib are hyperglycemia, rash, and diarrhea. Herein, we report a case of a woman who developed diffuse depigmented macules on the face, arms and legs, three months after initiating alpelisib. Both clinical and histopathological findings were consistent with new-onset vitiligo. To our knowledge, this is the first case described in literature which suggests a causal relationship between alpelisib and irreversible dermatological adverse effect.
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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 p110α subunit of the phosphatidylinositol 3-kinase (PI3K) class I enzyme (1). Alpelisib is an α-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.





Patient information

A 46 years old, otherwise healthy, premenopausal woman was diagnosed in 2016 with regionally advanced infiltrating ductal carcinoma (stage IIIA T3N1M0) 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.

In 2021, patient developed recurrence (biopsy-proven) with a disseminated disease in liver, mediastinum, and lungs. Hormonal and HER2 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 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.

[image: A woman wearing a headscarf with facial skin discoloration, likely vitiligo, shown in two portraits. Two additional images display the skin condition on her feet and hands, with noticeable patches.]
Figure 1 | Diffuse areas of depigmented skin apparent in the areas of face, arms, and lower legs.





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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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 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 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 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 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 × 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 IHC 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 finished cycle 1 of nab-paclitaxel with excellent clinical response, and the right breast mass was decreased in size to approximately 3 cm × 2 cm on palpation; the plan was to continue therapy.

[image: Two side-by-side medical images showing full-body scans. The left image, likely a PET scan, shows variations in grayscale, highlighting bones and organs. The right image, possibly a CT scan, uses color to distinguish different tissues and organs, with the intestines prominently highlighted in red-orange. The background is black, emphasizing the scan details.]
Figure 1 | PET-CT highlighting metastatic TNBC with spread to the neck, sternum, thoracic spine, upper abdomen, and pelvis.

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/m2, 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 11/08/2023 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).

[image: Two CT scan images of the abdomen. The left image shows detailed cross-sectional anatomy with visible organs such as the kidneys and the spine. The right image is similar but appears with slightly less contrast, showing the liver and surrounding structures. Both scans provide a view for medical analysis.]
Figure 2 | CT scan with contrast showing marked hepatosplenomegaly.

[image: Line graph showing total bilirubin levels over 25 days of inpatient stay. Levels start at 5.4 mg/dL, peak at 20.7 mg/dL on day 10, then decrease to 4.4 mg/dL by day 25.]
Figure 3 | Total bilirubin over course of inpatient stay.

[image: Timeline detailing a patient's medical treatment and condition from December 2022 to August 2023. Key events include a fine-needle biopsy in December 2022, starting chemotherapy in February 2023, multiple admissions for treatment adjustments, and CT scans showing stable disease progression by August 2023. Clinical status as of August 2023 indicates the patient is doing well with an ECOG Performance Status of zero.]
Figure 4 | Timeline of relevant clinical events (2022–2023).




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 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 III ASCENT trial showed both progression free survival (PFS) 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 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).




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
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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 I 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 HER2 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.
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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, pT1cN0M0), 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 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.

[image: Two abdominal CT scans labeled A and B. Image A shows a cross-sectional view with prominent kidneys and clear organ structures. Image B also displays the abdominal area, highlighting the same region for comparison. Both images are in grayscale.]
Figure 1 | 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.

[image: CT scan images in axial view showcasing a cross-section of the abdomen. Image A highlights a particular region with an arrow, possibly indicating an area of interest or abnormality. Image B also features an arrow pointing to a different area. Both images display anatomical structures such as the spine and surrounding organs.]
Figure 2 | 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.

[image: CT scans of the pelvic region in two panels labeled A and B. Both images highlight a specific area with white arrows, showing tissue density variations. Panel A shows a denser area, while panel B displays a darker, more defined circular area, indicating a possible fluid collection. Arrows emphasize these regions for diagnostic focus.]
Figure 3 | Contrast-enhanced CT imaging of bladder at week 1 after urinary tract irritation. (A, B) Extensive exudation and edema in bladder. The white arrow represents the edema of the bladder.

[image: Histopathological slides labeled A, B, C, and D show tissue sections under microscopic examination. A and B display hematoxylin and eosin staining with dense cellular structures. C and D present immunohistochemical staining, highlighting different tissue features. Each image includes annotations marked with 'a' and 'b' for reference.]
Figure 4 | HE staining based on a urothelial biopsy specimen and IHC for HER2 expression in the urinary tract. (A, B) Slight thinning or even loss in the epithelial cell layer of the urinary tract. (C, D) IHC indicated slight thinning or loss of epithelial cells detected by pathological EnVision method staining. a and b represent the transitional cell and inherent layer of connective tissue, respectively. The images were observed under a magnification of ×100.





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 within an approximate timeframe of 3 days. In cases of poor response to 3- or 7-day antibiotic therapy, subsequent evaluations (including repeated routine urinalyses, midstream urine cultures, and enhanced CT scans when necessary) successfully excluded the possibility of urinary tract infection. Bladder biopsy, together with the spontaneous cure, confirmed the possibility of urothelial injury induced by trastuzumab or paclitaxel. This case report may enhance our understanding of the AEs involving the urinary tract after trastuzumab or paclitaxel.

To investigate whether the urothelial injury was induced by trastuzumab and/or paclitaxel, we investigated the metabolism of these two drugs based on the previous literature. The total prototype drug in urine after paclitaxel administration was 1.5%–9% of the administered dose; the majority was eliminated by the organs except kidney (6), with a half-life of merely 6–13 h (7). Therefore, complete elimination was achieved after a period that was about 5.0-fold of the half-life. In contrast, the half-life for trastuzumab was 28–38 days, with a subsequent clearance period of up to 27 weeks (8). Meanwhile, the urothelial injury was completely cured at month 4, which could be explained by the pharmacokinetics of trastuzumab rather than paclitaxel. Moreover, the patient showed expression of HER2 on the uroepithelial cells, together with decreased proliferation, thinning, or even loss of bladder epithelial cells. These validated that the urothelial injury was induced by trastuzumab.

The exact mechanism of trastuzumab-induced AEs in urinary tract is still unclear due to the rarity of studies. HER2 expression has been frequently detected in the organs or tissues involved by trastuzumab-induced AEs. According to The Human Protein Atlas website on HER2 expression in partial normal tissues (9), HER2 RNA and protein were detected in human skin, pulmonary tissues, digestive tract, and cardiac tissues, respectively. Indeed, trastuzumab has been well acknowledged to induce AEs in these sites. HER2-targeted therapies (e.g., trastuzumab, lapatinib, pertuzumab) have been reported to carry risks of cardiopulmonary, hematologic, gastrointestinal, and other AEs (2). HER2 plays crucial roles in several biological processes in normal tissues, such as cellular differentiation, necrosis, and proliferation (10). Trastuzumab-induced AEs may be associated with its interaction with HER2 in these cells. For instance, trastuzumab-induced cardiotoxicities may be associated with the interaction between trastuzumab and HER2 expressed in cardiomyocytes that is necessary for the maintenance of cardiac structure and function (11). In addition, as HER2 is involved in the maintenance of membrane integrity in normal gastrointestinal tissues; the inhibition of HER2 expression induced by trastuzumab may lead to a range of gastrointestinal AEs in HER2-overexpressing BC patients (10). HER2 is also expressed in normal urothelial cells. In this case, the patient showed high HER2 expression, and trastuzumab may interact with HER2 expressed in normal cells, resulting in the occurrence of urothelial injury.

Trastuzumab has been well acknowledged as an anti-HER2 drug, and there are ample evidence-based and real-world data on safety. Individual differences and co-administration often lead to unrecognized AEs, which can affect the correct diagnosis and treatment adjustment. The case reported herein suggests that trastuzumab can directly cause urothelial injury, the severity of which may be related to the level of HER2 expression within the individual and the dose of the drug used. This AE has not been reported before, and this case report can provide a basis for clinical recognition and management of this AE in a timely manner. Additionally, this helps promote further research on the mechanisms related to the AEs of targeted therapeutic agents, which can better contribute to the safety of clinical treatment.





Conclusion

In this case report, we report a rare case showing urothelial injury after combined therapy based on trastuzumab and paclitaxel. It was induced by trastuzumab based on the drug metabolism analysis, together with the expression of HER2 on the urinary epithelial cells, decreased proliferation, thinning, or even loss of bladder epithelial cells. Meanwhile, we hope to raise attention on differential diagnosis between urothelial injury and infection after the combination of trastuzumab and paclitaxel.
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Background

Myeloid sarcoma (MS) is a rare hematological malignancy characterized by the formation of a solid mass of myeloblasts outside the bone marrow, such as in the lymph nodes, skin, or bone. MS may arise de novo or concurrently with acute myeloid leukemia (AML), myeloproliferative neoplasm (MPN), or myelodysplastic syndrome (MDS). MS accounts for less than 1% of extramedullary acute myeloid leukemia cases. Phyllodes tumors (PTs) are a rare fibroepithelial breast tumor that can be benign, malignant, or borderline, and account for less than 1% of all breast cancers.





Case presentation

We present a unique case of a 50-year-old woman with both breast MS and borderline PT with malignant features, which presented a diagnostic challenge. The patient initially presented with a mass in her right breast, and the initial fine-needle biopsy revealed the presence of immature myeloperoxidase (MPO)+ myeloid cells consistent with MS. Subsequent pathological analysis of tumor tissues after neoadjuvant radiotherapy and chemotherapy showed a borderline PT with malignant features. Following excision of the tumor, the patient experienced a local recurrence, which was also surgically removed. At 8 months post-surgery, the patient remains free of recurrence under close follow-up.





Conclusion

This case highlights the importance of considering the possibility of concurrent malignancies in the differential diagnosis of complex breast masses and underscores the challenges involved in diagnosing and managing such cases. Additionally, we also emphasize the value of neoadjuvant radiotherapy and chemotherapy in MS.
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1 Introduction

Myeloid sarcoma (MS) is a rare and distinct form of hematological malignancy that is characterized by the extramedullary accumulation of myeloblasts. Also known as chloroma, granulocytic sarcoma, or extramedullary myeloid tumor, MS can manifest in various organs, including the skin, lymph nodes, soft tissues, liver, spleen, and bones. There are three types of MS based on the type of cell and degree of differentiation involved: granulocytic sarcoma (GS) type, primitive mononuclear cell sarcoma type, and triple hematopoietic cell myeloid sarcoma type. MS may arise de novo or concurrently with AML, myeloproliferative neoplasm (MPN), or myelodysplastic syndrome (MDS), and can even be the initial presentation of AML or a manifestation of AML recurrence (1). The diagnosis of MS can be clinically challenging. Breast phyllodes tumors are a rare type of breast tumor, comprising only 0.3-1.0% of all breast tumors (2), and are classified into benign, borderline, and malignant subtypes. In this case report, we present a unique case of a female patient diagnosed with concurrent breast MS and borderline phyllodes tumor (borderline PT) with malignant features, which, to our knowledge, has not been previously reported.




2 Case presentation

A 50-year-old woman presented to the 7th People’s Hospital of Chengdu with an erythematous breast mass that was painful and had central necrosis in the upper outer quadrant of her right breast (Figures 1A–D). Physical examination revealed an immobile mass in the upper outer quadrant of her right breast, with an orange-peel appearance, but no signs of nipple retraction were noted. The patient had a medical history of well-controlled hypertension, which was being treated with felodipine and enalapril. She denied any history of smoking, alcohol or substance abuse, and had no family history of cancer. Her physical examination, aside from the breast mass, was unremarkable.

[image: A set of images depicting various stages and diagnostic views of a breast condition. Images A to D show progression of a lesion on the breast. Image E is an ultrasound display. Image F is a CT scan cross-section of the thorax. Images G to I show microscopic views of tissue samples with varying cell densities and structures. Each image highlights different diagnostic and pathological features relevant to breast examinations.]
Figure 1 | Graphic Representation of Breast Lesion Progression Over Time. The series of four images chronicle the evolution of the right breast lesion from March to April 2021. (A) The image of the breast lesion on [5/3/2021]. The patient initially presented with marked breast swelling and tenderness. (B) The image of the breast lesion on [5/4/2021]. (C) The image of the breast lesion on [23/4/2021]. (D) The image of the breast lesion on [25/4/2021]. The breast lesion has evolved into a mass with profound erythema and sinus tract. The ultrasound and CT images of the patient’s right breast (E, F). The H&E staining of MS. (G) The description of myeloblasts and lymphoid H&E×100. (H) The description of myeloblasts and lymphoid H&E×400. (I) The description of tumor cells H&E×400. H&E, hematoxylin and eosin.

Breast ultrasound revealed an 8.8cm mass with mixed solid echogenic and cystic anechoic components. (Figure 1E). The contrast-enhanced CT scan showed an 11.7×8.9cm mass occupying a substantial portion of the right breast, accompanied by right axillary lymphadenopathy (Figure 1F). An ultrasound-guided fine needle biopsy revealed the presence of immature myeloid cells (Figures 1G–I). Immunohistochemistry (IHC) analysis demonstrated strong expression of CD68KP1 (Figure 2A), CD45 (Figure 2B), CD33, Cyclin D1 and CD4, with weak positivity for myeloperoxidase (MPO), and a high level of Ki67 expression (80%). The cells were negative for CD34 (Figure 2C), CD3 (Figure 2D), CD20 (Figure 2E), CD79a (Figure 2F), CD14, CD117, and terminal deoxynucleotidyl transferase (TdT). A bone marrow biopsy was performed, and there was no evidence of systemic hematological malignancies such as AML, MPD, or MDS. Therefore, the patient was diagnosed with isolated myeloid sarcoma (MS).

[image: Microscopic analysis of tissue samples labeled A to F, showing varying degrees of cell staining. Panels A and B exhibit dense brown staining, indicating protein presence. Panel C shows moderate staining around vessel-like structures. Panels D to F display predominantly blue cells with minimal brown staining, suggesting lesser protein expression.]
Figure 2 | The IHC staining of MS. (A) Strong positivity of CD68KP1 (×200). (B) Strong positivity of CD45(×200). (C) Negative staining of CD34(×200). (D) Negative staining of CD3(×200). (E) Negative staining of CD20(×200). (F) Negative staining of CD79a(×200).

The patient underwent neoadjuvant radiotherapy and chemotherapy, which included cytarabine and daunorubicin. After undergoing two cycles of chemotherapy, which included cytarabine at a dose of 100 mg/m2 administered over days 1-7, and daunorubicin at a dose of 60 mg/m2 over days 1-3, a follow-up CT scan revealed a significant reduction in the size of the breast mass (4cm×3cm) and a ground-glass appearance in the upper lobes of both lungs (Figures 3A–D). The patient presented with newly onset of dry cough and dyspnea. Empirical treatment with cefoperazone-tazobactam was initiated, but did not result in significant improvement of the patient’s condition. A fungal infection was suspected, and she was switched to voriconazole, which resolved her respiratory symptoms within 2 weeks. However, the patient declined subsequent cycles of chemotherapy due to adverse effects. Three months after completing chemotherapy, the patient underwent a right mastectomy. Histological analysis of the surgical specimen revealed the presence of both epithelial and mesenchymal components. Benign epithelial components are illustrated in Figure 3E. The spindle-shaped hyperproliferative fibroblasts, representative of the malignant components, are shown in Figure 3F. The cartilage region is considered to be heterogenous mesenchyme, which is associated with tumor invasion. (Figure 3G). Notably, these malignant interstitial cells are characterized by the permeative border (Figure 3H), heteromorphism and abundant mitosis, with a visible nuclear division rate of 11/10HPF (Figures 3I, J). In summary, the pathological analysis aligns with a diagnosis of borderline phyllodes tumor with malignant features. The IHC analysis demonstrated strong expression of ER (Figure 4A), PR, SMA and SATB2, with a moderate level of Ki67 expression (25-30%) (Figure 4B) and weak positivity for CD117 (Figure 4C) and Blc2 (Figure 4D). The tissues were negative for P63 (Figure 4E), CD34 (Figure 4F). CD10 (Figure 4G), desmin, cytokeratin-5/6 (Figure 4H).

[image: Panel A shows a skin lesion with ulceration. Panel B depicts a close-up of the lesion. Panels C and D are CT scans showing cross-sectional views of the thorax. Panels E to J display histological images with varying tissue structures and cell types, including dense cellular areas and arrows indicating specific features.]
Figure 3 | Radiotherapy and chemotherapy significantly reduced the size of the breast mass. (A, B) Graphic representation of breast lesion after radiotherapy and chemotherapy. (C, D) The CT images of the patient’s right breast after radiotherapy and chemotherapy. The H&E staining of Borderline Phyllodes Tumor with malignant features. (E) The benign epithelial components H&E×4. (F) The staining depicting of the spindle cell region H&E×400. (G) The staining illustrating the cartilage region H&E×400. (H) The permeative border of the borderline PT with malignant features H&E×100. (I) The interstitial overgrowth of borderline PT with malignant features H&E×40. (J) The nuclear division and pathological nuclear division H&E×400. H&E = hematoxylin and eosin.

[image: Eight-panel image displaying histological sections labeled A to H. Each panel shows tissue samples stained to highlight cellular structures. Panel A features dense, dark staining, while panel B shows scattered dark spots on a lighter background. Panels C and D contain areas with diffuse staining. Panels E through H exhibit lighter staining with fewer dark spots. Each image varies in the density and distribution of staining, indicating differences in cellular or tissue components across the samples.]
Figure 4 | The IHC staining of Borderline Phyllodes Tumor with malignant features. (A) Strong positivity of ER×400. (B) A moderate level of Ki67 expression×200. (C) Weakly positivity of CD117 ×400. (D) Weakly positivity of P63 ×400. (E) Weakly positivity of Bcl2×400. (F) Negative staining of CD34×400. (G) Negative staining of CD10×400. (H) Negative staining of CK5/6 ×400. IHC, Immunohistochemistry.

The patient developed a local recurrence at the site of the surgical incision 4 months after the initial mastectomy and underwent another surgical excision to remove the new lesion. The subsequent pathological analysis confirmed the presence of borderline PT with malignant features. The patient has been closely monitored every 2 months since the second surgery and has remained disease-free for the past 8 months.




3 Discussion

MSs are rare tumors of immature myeloid cells that can occur outside the bone marrow, including the skin, lymph nodes, testes, intestines, bones, and central nervous system (3–7). Although MSs often develop concurrently with or after the diagnosis of myeloid malignancies (1, 8–10), cases of primary MS without any blood or bone marrow involvement (11–13), like our case, have also been reported. The rarity of MS can make diagnosing it challenging, leading to a higher incidence of misdiagnosis. Differential diagnoses of MS include various hematological malignancies such as anaplastic large-cell lymphoma and diffuse large B-cell lymphoma, as well as solid tumors such as breast carcinoma and melanoma (5, 13). Thus, a precise diagnosis of MS requires extensive immunophenotyping to confirm the myeloid origin of the malignancy. In our case, we observed the typical profile of myeloid malignant cells in the initial biopsy, which showed immunoreactivity to markers such as MPO (5) and CD33. Due to the rarity of myeloid sarcoma, there is currently no established consensus on the optimal treatment approach. Some previous studies have suggested that a combination of radiotherapy and chemotherapy may be beneficial for MS patients (14, 15), which is similar to our case. However, there is conflicting evidence, as another study reported no survival benefit in patients with isolated MS who were treated with radiation and chemotherapy (4).

PTs are considered an uncommon fibroepithelial neoplasms of the breast (16), which are classified into three subtypes: benign, borderline and malignant. The benign PTs are more common, An article analyzing 170 cases found that benign, borderline and malignant PTs incidence are 54.1%, 11.2% and 34.7% respectively (17). PTs pose diagnostic challenges, as they can be difficult to distinguish from fibroadenoma (18, 19). Histologically, PTs are characterized by a leaflike architecture resulting from an enhanced intracanalicular growth pattern, cleft-like spaces lined by epithelium, and hypercellular stroma. Malignant PT is characterized by marked stromal cellularity and nuclear pleomorphism, stromal overgrowth, and more than 10 mitoses per 10 HPF. The presence of heterologous sarcomatous elements (liposarcoma, chondrosarcoma, and osteosarcoma) alone qualifies a PT as malignant (20). In our case, the histological analysis revealed spindle cell and cartilage regions, with notable heteromorphism and mitosis in the spindle cell area. Additionally, there are reports indicating that the stromal cells of phyllodes tumors can express p63, cytokeratins and CD117 (21–23). Notably, CD117 expression in the stroma has been linked to predicting disease recurrence. In our patient, there were observed expressions of ER, PR, CD117, SMA, and SATB2, aligning with the previously documented trend as she experienced local recurrence.

To our knowledge, this is the first reported case of co-existing breast PT and MS. The co-occurrence posed further diagnostic challenges but also provides insights into the management of isolated MS. There is no definitive consensus regarding the optimal treatment and follow-up of primary extramedullary MS. Our patient benefited from neoadjuvant radiotherapy and chemotherapy, which led to a significant reduction in the breast mass and subsequent surgical excision with a clean margin. To our surprise, the repeated analysis of the surgical specimen revealed borderline PT with malignant features, without evidence of co-existing metastatic disease. We believe that the neoadjuvant therapies led to MS remission. This case highlights the importance of a comprehensive diagnostic approach and individualized treatment plan for patients with rare co-existing malignancies, such as PT and MS.




4 Conclusion

To our knowledge, this marks the inaugural report of a simultaneous occurrence of MS and PT in the breast. A prior study unveiled the coexistence of PT with anaplastic ependymoma (19), emphasizing the intricate nature of PT diagnosis when intertwined with other malignancies. Our case emphasizes the significance of adopting a comprehensive diagnostic approach to ensure precision, particularly in complex cases. The effective management of our patient’s condition with neoadjuvant radiotherapy and chemotherapy additionally underscores the potential advantages of this treatment strategy for individuals with myeloid sarcoma.
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Case report: Fibroadenomas associated with atypical ductal hyperplasia and infiltrating epitheliosis mimicking invasive carcinoma
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Infiltrating epitheliosis (IE) is an uncommon type of complex sclerosing lesion in the breast. This condition is characterized by the infiltration of ducts into a scleroelastotic stroma, along with the presence of cells that display architectural and cytological patterns similar to those observed in usual ductal hyperplasia. We herein report a case of a 24-year-old woman who presented with bilateral breast nodules, which were initially identified as multiple fibroadenomas based on ultrasound findings. The patient underwent Mammotome system and regional mastectomy procedures, and subsequent pathological analysis confirmed the presence of multiple fibroadenomas with atypical ductal hyperplasia and infiltrating epitheliosis. This case discusses the challenges faced in diagnosing malignancy in a patient with multiple fibroadenomas accompanied by atypical ductal hyperplasia and infiltrating epitheliosis.
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1 Introduction

Fibroadenoma is a biphasic tumor composed of epithelial and stromal components, and it is the most common type of benign breast tumor that often presents in young women. However, in approximately half of the cases, fibroadenoma exhibits proliferative changes such as sclerosing adenosis, papillary apocrine metaplasia, and epithelial calcifications, which classify it as a complex fibroadenoma and a long-term risk factor for breast cancer (1).

Infiltrating epitheliosis (IE) is a rare complex sclerosing lesion of the breast, characterized by infiltrating ducts immersed in a scleroelastotic stroma and filled with cells exhibiting architectural and cytological patterns reminiscent of usual ductal hyperplasia (2). Due to limited experience with this phenomenon, we present an unusual case of fibroadenomas with atypical ductal hyperplasia and IE and analyze the challenges in diagnosis to minimize misdiagnosis and mistreatment.




2 Case presentation

A 24-year-old woman presented with complaints of bilateral mammary gland nodules that had been present for 1 month. She had no family history of breast cancer or ovarian lesions. Conventional laboratory investigations, including complete blood cell count, biochemical analysis, and serum levels of carcinoembryonic antigen, did not reveal any abnormalities.

Ultrasound (US) examination revealed multiple hypoechoic masses with clear borders and smooth margins (as shown in Figure 1). The masses measured 1.1cm×0.5cm, 1.6cm×0.5cm, 1.3cm×0.6cm, 1.9cm×0.8cm, 1.8cm×0.8cm, 1.7cm×1.2cm, 2.2cm×1.3cm, and 2.2cm×0.8cm in the left breast at the positions of 2 o’clock, 6 o’clock, 9 o’clock, and 10 o’clock, and 1.4cm×0.7cm, 1.2cm×0.5cm, 2.7cm×1.3cm, 1.6cm×0.8cm, and 2.1cm×0.9cm in the right breast at the positions of 12 o’clock, 3 o’clock, 4 o’clock, 6 o’clock, and 11 o’clock. Color Doppler flow imaging (CDFI) did not show any obvious blood flow signals. Additionally, there were no palpable bilateral axillary lymph nodes.

[image: Four ultrasound images of breast tissue, each showing different sections with varying densities and textures. The top images display a dense, rounded mass, while the bottom images illustrate irregular textures. Measurement markers are visible, indicating a scale of 3.5 centimeters.]
Figure 1 | Ultrasound(US): bilateral mammary glands were irregular and flaky, local tissues were thickening, and there is structural disorder. There are several regular-shaped and well-circumscribed hypoechoic masses with envelope in her both breasts. CDFI: there was no obvious blood flow signal. Bilateral axillary lymph nodes were not palpable.

This patient is preparing for pregnancy and requests surgical removal of the breast mass in preparation for breastfeeding after childbirth. She underwent an excisional biopsy, and the frozen section analysis revealed characteristics consistent with fibroadenoma. The breast regional mastectomy was performed using the Mammotome system and regional mastectomy procedures. Routine sections of the tissue samples showed that almost all of the nodules were conventional fibroadenomas, except for one nodule in the right breast that exhibited atypical ductal hyperplasia (as shown in Figure 2A).

[image: Histological images labeled A and B. Image A shows glandular structures with purple-stained cells and white arrows highlighting certain areas, possibly indicating pathology. Image B displays a dense, pink-stained fibrous tissue with scattered cell nuclei. Both images use a pink and purple hematoxylin and eosin stain.]
Figure 2 | Morphological features: (A) one of the fibroadenomas in the right breast with intra-ductal epithelial hyperplasia, partly monoclonal sieve-like hyperplasia (arrows). (B) Several scattered tubules are observed in the surrounding stroma. Scale bars: (A) 80 μm; (B) 40 μm.

In the surrounding stroma, there were several scattered tubules that were partially absent in the myoepithelium (as shown in Figure 2B). Immunohistochemical staining for P63, SMA, CK5/6, and CK14 (as shown in Figure 3A) and Calponin (as shown in Figure 3B) confirmed this finding. The estrogen receptor (ER) was 2+ (80% positive), progesterone receptor (PR) was 3+ (90% positive), and human epidermal receptor-2 (HER-2) showed a membranous reaction of 0+. S100 protein staining was negative (as shown in Figure 3C). The Ki-67 index, which indicates the proliferative activity of cells, was <5%. Collagen IV evidenced a continuous layer of basal lamina surrounding the glands (as shown in Figure 3D). Therefore, the final diagnosis is multiple fibroadenomas with atypical ductal hyperplasia and IE.

[image: Microscopic images labeled A to D showing stained tissue sections. Image A has red and black arrows pointing at specific structures. Image B features two black arrows indicating highlighted areas. Image C shows a sparse distribution of stained elements. Image D displays a closer view of structured patterns with varying stain intensities. Each image includes a scale bar for reference.]
Figure 3 | Immunohistochemical findings: CK14 (A) and Calponin (B) were preservative at the periphery of atypical ductal hyperplasia (red arrow), but were partly absent at scattered tubules in the surrounding stroma (black arrows). S100 protein was negative (C). Collagen IV evidenced a continuous layer of basal lamina surrounding the glands (D). Scale bars: (A–C) 80 μm; (D) 40 μm.




3 Discussion

IE is a non-malignant breast lesion characterized by an infiltrative growth pattern and focal absence of myoepithelial cells (MECs) (3). It was initially described by John Azzopardi (4) in 1979 and referred to as “sclerosing adenosis with pseudo-infiltration” (5) or “sclerosing papillary proliferation” (6). Although its classification remains controversial, most pathologists currently classify IE within the spectrum of radial scar or complex sclerosing lesion (RS/CSL) (2).

Recent studies have suggested that IE may be neoplastic rather than hyperplastic and that the PI3K pathway is involved in its pathogenesis (2). The PI3K pathway plays crucial roles in cell survival, proliferation, and migration, and alterations in this pathway have been observed in 25%–50% of breast carcinomas (7), particularly low-grade and estrogen-receptor-positive carcinomas (8). Katie et al. reported that the frequency of PIK3CA mutations in RS was notably higher than the 25%–30% mutation frequency of invasive breast cancer (9). It has been indicated by Carey et al. that IE lesions may serve as a substrate from which ductal carcinoma in situ and low-grade adenosquamous carcinoma can originate. Furthermore, a subset of these lesions may have the potential to progress to invasive cancer (2).

In this case, the ultrasound images of fibroadenoma with IE cannot be distinguished from the other common fibroadenomas because all the nodules of preoperative ultrasound imaging presented with regular-shaped and well-circumscribed hypoechoic masses. Regrettably, the surgically removed nodules are not marked accordingly so that the differences of ultrasound imaging between it and other nodules could not be retrospectively analyzed based on pathological diagnosis.

Pathologically, IE can be easily mistaken for invasive carcinoma due to its infiltrative growth pattern with focal absence of myoepithelial cells (MECs). The histological characteristics of IE, as described by Eusebi and Millis (10), include the following: (a) the bulk of the lesion is composed of florid epitheliosis, often with a focal squamoid appearance; (b) scleroelastotic stromal changes are seen throughout the lesion, adjacent to epithelial foci, rather than confined to a central scleroelastotic nidus as observed in radial scars or complex sclerosing lesions; and (c) the frequent presence of a desmoplastic stromal reaction and keloid-like fibrous bands. Additionally, the involved ducts often exhibit irregular or jagged edges, and the proliferating epithelium often appears to “flow out” into the adjacent stroma (3, 11). Failure to recognize these exceptions such as IE and microglandular adenosis (MGA) can potentially result in incorrect classification as an invasive carcinoma, particularly tubular carcinoma (10–12) (Table 1).

Table 1 | Differences and similarities of differential diagnosis.


[image: A table compares three conditions: IE, MGA, and TC. Attributes include glandular distribution, shape of glands, stroma, luminal secretion, single cell layer presence, MEC IHC, BL, and S100. IE shows irregular glandular distribution, jagged gland edges, desmoplastic stroma, absent luminal secretion, single cell layer, absent MEC IHC, present BL, and absent S100. MGA exhibits random glandular distribution, round gland shape, hyline/fibrofatty stroma, amorphous eosinophilic material as luminal secretion, single cell layer, absent MEC IHC, present BL, and present S100. TC has wild glandular distribution, irregular to angulated gland shape, desmoplastic stroma, absent luminal secretion, variable cell layer, absent MEC IHC, absent BL, and absent S100. Abbreviations: IE, infiltrative epitheliosis; MGA, microglandular adenomiosis; TC, tubular carcinoma; MEC, myoepithelial cell; IHC, immunohistochemistry; BL, basal lamina; Coll IV, collagen IV.]
Invasion is typically defined by the absence or breach of the basement membrane (BM) barrier between malignant epithelial cells and the surrounding stroma (3). However, these benign lesions that lack myoepithelial cells (MECs) exhibit infiltrating single-layer glands surrounded by a well-developed layer of BM (3). Due to the simplicity of immunohistochemical identification of the MEC layer, it is often used as a surrogate marker for invasion through the BM. It is important to note that MECs are predominantly lost at the periphery of IE, with frequent preservation at the epithelial–stroma interface in the center (3). In other words, MECs may be present in the proximal part of a duct but absent in the distal part.

On the other hand, MGA glands are lined by a single layer of cuboidal epithelial cells surrounded by a basal lamina, without any evidence of interposed MECs (13, 14). However, the lumens of this lesion often contain an amorphous eosinophilic material (11). Cells of MGA typically exhibit positive staining for low-weight keratins and S100 protein, but they are negative for estrogen receptor, progesterone receptor, and HER-2 (15). Therefore, the absence of MECs is not used as a criterion for diagnosing invasion because it can be observed in both benign and malignant lesions.

The management of infiltrative epitheliosis (IE) should follow the same approach as that of other complex sclerosing lesions so far (2). Additionally, careful monitoring is essential due to the risk of malignant transformation. Given the rarity of IE and the limited available data, further studies are necessary to understand its clinical behavior and to define the most appropriate surgical treatment.

In conclusion, infiltrative epitheliosis (IE) with an infiltrative growth pattern is a rare complex sclerosing lesion of the breast that can be mistaken for invasive carcinoma due to the absence of myoepithelial cells. Although IE is not routinely recognized in breast pathology practice at present, it does exist within the spectrum of breast lesions. Recognition of this rare lesion is important not only as an academic exercise but also for advancing our clinical understanding of IE, which may provide an ideal platform for studying the molecular mechanisms involved. Further studies are needed to better understand the clinical behavior of IE and to define appropriate management strategies for this rare breast lesion.
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Background

Numb cheek syndrome, a rare corollary of numb chin syndrome, is due to infra-orbital neuropathy. It can occur in association with an underlying malignancy, which can cause neuropathy by direct malignant nerve infiltration or via a paraneoplastic mechanism. Although numb cheek syndrome has been reported in association with a variety of cancers, it has previously not been reported in association with breast cancer. We report a case of left breast cancer presenting with left numb cheek syndrome.





Case presentation

A 65-year-old woman presented to the Neurology clinic with a 7-month history of left cheek numbness and occasional cheek tenderness. Examination revealed slightly diminished pin-prick sensation in the left cheek and a vaguely palpable left breast lump. A magnetic resonance imaging scan of the brain showed abnormal enhancement of the left maxillary nerve at the foramen rotundum, but cerebrospinal fluid analysis was normal. Mammography, ultrasound scans, and core biopsy of the left breast confirmed the diagnosis of invasive left breast carcinoma (estrogen and progesterone receptor negative, c-erb-B2 equivocal, fluorescence in-situ hybridization negative). There was no evidence of distant metastases on computed tomography and bone scintigraphy scans. The patient underwent neoadjuvant chemotherapy (4 cycles of doxorubicin and cyclophosphamide, followed by 4 cycles of paclitaxel and carboplatin), and left breast wide excision and sentinel lymph node biopsy, and a repeat magnetic resonance imaging scan performed 2 months after surgical resection showed resolution of the left maxillary nerve enhancement. The patient’s left numb cheek symptoms improved over a course of 5 months after cancer resection but did not completely resolve.





Conclusions

Our case represents the first reported left numb cheek syndrome in association with breast cancer, due to maxillary neuropathy without any discrete mass or compressive cause. To avoid delays in diagnosing malignancy, physicians and surgeons should be aware that numb cheek syndrome can occur in association with an underlying malignancy, and that breast cancer should be counted amongst the possibilities.
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1 Introduction

Numb chin syndrome, a manifestation of mental neuropathy, can be associated with a variety of benign causes, but it can also uncommonly be a presentation of malignant disease (1). Numb cheek syndrome is an even rarer corollary phenomenon, caused by infra-orbital or maxillary neuropathy, which can also be associated with malignancy (2). While numb chin syndrome has been well described in association with breast cancer (3), numb cheek syndrome has not.

Herein, we present a case of left breast cancer presenting with left numb cheek syndrome.




2 Case presentation

A 65-year-old woman with a past medical history of hyperlipidemia and benign hyperplastic colonic polyps presented to the Neurology specialist outpatient clinic for a 7-month history of left cheek numbness, having been referred by her General Practitioner. Her numbness was a negative sensory symptom, which she described as a sensation of cheek swelling even though it appeared normal in the mirror, accompanied by diminished sensation to touch. There was also occasional tenderness on palpation of her left cheek. There were otherwise no symptoms over her left forehead, left mandible, or any part of the right face. The patient denied having any constitutional symptoms, but she had a family history of breast cancer, with her sister having been diagnosed with left breast invasive ductal carcinoma (estrogen and progesterone receptor positive, c-erb-B2 negative) at the age of 44-years-old. The patient was not taking any medications prior to presentation.

On examination, pin-prick sensation was 20% diminished over the left cheek compared to the right cheek. The area of numbness spanned the skin over the left maxilla, left lower eyelid, and left philtrum. The rest of the neurological examination, including examination of the other cranial nerves and of the long tracts, was normal. No asymmetry of motor power in trigeminal nerve-innervated muscles (pterygoids and masseter) was detected. Attention was paid to the skin and buccal mucosa overlying the area of numbness, but no lesions were seen.

As the symptoms were mild and non-disabling, no medications were prescribed at first presentation. A magnetic resonance imaging (MRI) scan of the brain and cranial nerves was performed approximately 1 year from onset of symptoms (5 months from presentation), revealing a non-compressive, T2-hyperintense, T1 isotense, gadolinium-enhancing lesion of the left maxillary nerve in the foramen rotundum (Figure 1). The rest of the brain parenchyma was unremarkable.

[image: Two MRI scans of the brain in coronal view, labeled A and B. Image A shows a red arrow pointing to a dark area near the center, possibly indicating an abnormality. Image B appears similar but without the arrow, suggesting a comparison of the same region. Both images have an "R" indicating the right side.]
Figure 1 | Magnetic resonance imaging (MRI) scan of the cranial nerves. (A) Coronal projection, T1 with gadolinium contrast at 12 months since onset of left numb cheek, showing left maxillary nerve enhancement at the foramen rotundum (red arrow). (B) Coronal projection, T1 with gadolinium contrast at 26 months since onset, performed after completion of neoadjuvant chemotherapy and surgical resection of breast cancer, showing resolution of left maxillary nerve enhancement.

Blood tests, including a panel of onconeural antibodies, were unremarkable (Table 1). A lumbar puncture was performed 13 months from onset, showing a normal opening pressure of 16.5cmH2O. Cerebrospinal fluid (CSF) analysis showed normal CSF cell counts (CSF red blood cell count 0/μL, CSF white blood cell count 1/μL), normal CSF protein level (0.29g/L), and a normal CSF-to-serum glucose ratio of 0.6 (CSF glucose 3.5mmol/L, paired serum glucose 5.6mmol/L). A panel of CSF microbiological and cytometric tests were unyielding (Table 1). CSF cytology did not find any malignant cells. CSF onconeural antibodies were not tested, due to institutional limitations on test availability.

Table 1 | Summary of blood and cerebrospinal fluid investigations.
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A computed tomography (CT) scan of the chest, abdomen, and pelvis did not find any evidence of malignancy or metastasis. Mammography and ultrasound scans of the breasts, performed 14 months after the onset of left numb cheek, showed a 6 × 10 × 6mm area of left breast upper outer quadrant hypoechoic tissue, suspicious for malignancy (Figure 2). With knowledge of the scan findings, a vague left breast nodule was palpable on examination. Core biopsy provided histological confirmation of left breast triple-negative ductal carcinoma with apocrine change (estrogen and progesterone receptor negative, c-erb-B2 equivocal, fluorescence in-situ hybridization negative). A technetium bone scintigraphy scan did not show any evidence of bony metastases.

[image: Panel A shows a mammogram image with a circled area indicating a potential abnormality in the breast tissue. Panel B displays a corresponding ultrasound image highlighting a dark, irregular mass in the breast.]
Figure 2 | Breast imaging showing tissue that was subsequently proven to be triple-negative ductal carcinoma with apocrine change. (A) Mammography of the left breast showing heterogeneously dense breast stroma, with an area of distortion in the left breast upper outer quadrant, and a density, persisting on cone compression. (B) 28 x 12 x 21mm left breast 1 o’clock vague area of ill-defined hypoechoic tissue, associated with mild distortion and posterior shadowing.

Following recommendations made at a multi-disciplinary tumor board meeting, the patient underwent neoadjuvant chemotherapy (4 cycles of doxorubicin and cyclophosphamide, followed by 4 cycles of paclitaxel and carboplatin) over the course of 7 months (17 to 23 months since left numb cheek onset). She then underwent left breast wide excision and sentinel lymph node biopsy 24 months after onset, with histology showing residual ductal carcinoma in-situ 1mm away from the closest resection margin. Two sentinel lymph nodes were negative for malignancy.

Prior to the commencement of chemotherapy, the patient underwent a repeat MRI scan of the brain and cranial nerves (16 months after onset). There were no changes from the original MRI scan (12 months after onset); with persistent enhancement of the left trigeminal nerve at the foramen rotundum noted. After completion of neoadjuvant chemotherapy and surgical resection, a repeat MRI scan (26 months after onset) showed resolution of the left trigeminal nerve enhancement (Figure 1).

Clinically, the patient’s symptom of left numb cheek with occasional tenderness remained persistent throughout the course of neoadjuvant chemotherapy. Only after surgical resection did she report a gradual improvement in cheek numbness and pain. At follow-up 5 months after surgical resection, the patient reported only minimal numbness over the left philtrum. Mammography at 4 months (scheduled as part of national cancer screening that the patient was subsequently enrolled in) after surgical resection did not show any evidence of malignancy.




3 Discussion

Breast cancer is the most commonly diagnosed cancer worldwide, with approximately 2.3 million new cases and 685,000 deaths per year (4). Early diagnosis is imperative in the management of breast cancer, given that those with more advanced disease at diagnosis have worse prognoses, with 5-year survival rate declining from 97% for those with stage 1 disease to 48% for those with stage 4 disease (5). Despite the high prevalence and urgency of diagnosis, breast cancer can be easily missed in a patient with the unusual and seemingly benign presentation of numb cheek syndrome. This is illustrated by our case, in which the first MRI scan of the brain was arranged with low priority, and performed 5 months after initial presentation, leading to a significant delay in detection of the maxillary nerve abnormality which turned out to be the sole extra-mammary site of disease. We therefore wish to raise awareness amongst physicians and surgeons that a presentation with unilateral numb cheek can be associated with not only malignancy in general, but also specifically breast cancer.

Prior reports of malignant numb cheek syndrome have been in association with extra-mammary cancers, such as recurrent basal cell epithelioma, newly diagnosed squamous cell carcinoma of the face, metastatic prostate adenocarcinoma, and anaplastic small cell carcinoma of the lung with anti-Hu antibody (2, 6, 7). Trigeminal neuropathy, when reported in association with breast cancer, has been secondary to mechanical compression or radiologically visible tumor infiltration by an adjacent metastatic mass. The sites of involvement reported have been more proximal segments of the trigeminal nerve, from its pontine origin to the Gasserian ganglion, resulting in wider areas of hemifacial dysesthesia or pain (i.e., trigeminal neuralgia) (8–10). To our knowledge, our case represents the first case of a true numb cheek syndrome associated with breast cancer, with symptoms and signs confined to the territory of the second division of the trigeminal nerve (i.e., maxillary nerve), with no discrete mass or compressive cause found. Numb cheek syndrome is traditionally localized to an infra-orbital neuropathy, but our patient with maxillary neuropathy at the foramen rotundum presented with numb cheek syndrome because the cutaneous distribution of the infra-orbital nerve is coterminous with the field of the maxillary nerve (2).

In our patient, the unyielding CSF tests and lack of explanation for the abnormal maxillary nerve signal on MRI led to our search for distant tumors. We favored a CT scan of her thorax, abdomen, and pelvis because it was more readily available, but a Positron Emission Tomography (PET) scan was also being considered. Ultimately, a PET scan was not performed for our patient because application of our national age-appropriate cancer-screening guidelines (recommending mammography and ultrasound breast scans) had already identified a plausible cause of her maxillary nerve abnormality.

Interestingly, our patient’s CT scan report did not detect the presence of any underlying breast tumor, even on retrospective review. While existing guidelines do not recommend the use of CT scans for breast cancer screening due to scant evidence of benefit and higher radiation exposure, there is some evidence that CT scans with cuts as fine as 1.25mm may be comparable to mammography in sensitivity (11, 12). For our patient, breast cancer may have gone undetected on CT scan because the slice thickness was 3mm, possibly causing a 6 × 10 × 6mm lesion to appear small and non-specific.

This was also an opportune revisitation of the pathophysiology of numb cheek syndrome. Left maxillary neuropathy in our patient may have been the result of hematogenous spread, leading to leptomeningeal metastasis and/or direct nerve infiltration. This possibility is supported by previous reports of breast cancer with metastatic involvement of other nerves (13). Furthermore, triple-negative breast cancer, like that of our patient, has also been reported to have a preponderance for early nervous system metastases, with approximately one-third of cases eventually developing brain metastases (14, 15). The lack of malignant cells in our patient’s CSF cytology does not rule out leptomeningeal metastasis or direct parenchymal infiltration, because CSF cytology has suboptimal sensitivity for both kinds of metastases (16, 17). However, when combined with the normal CSF protein concentration and lack of CSF pleocytosis in our patient, leptomeningeal metastasis becomes less likely, given that the majority of patients with leptomeningeal metastasis will have abnormalities in both CSF cell counts and protein concentrations (18).

A paraneoplastic mechanism also remains a viable explanation. Paraneoplastic neuropathy is thought to be the result of onconeural antibodies targeting cross-reacting intracellular antigens of neuronal and tumoral tissues, with T-cell cytotoxicity likely playing a role in neuronal injury (19). Although our patient’s onconeural antibody tests returned negative, existing panels are unlikely to be exhaustive. Given that paraneoplastic neuropathy can lead to long-term deficits with or without anti-tumor treatment and even immunotherapy, our patient’s improved but persistent symptoms after neoadjuvant chemotherapy and surgical tumor resection do not rule out a paraneoplastic mechanism (20).

Other pathologic mechanisms, such as mechanical nerve compression and adjacent osseous involvement, have been suggested for numb cheek or chin syndrome (1), but these were not observed in our patient, given the absence of adjacent masses or bony metastases on her scans.




4 Conclusions

We presented a case of numb cheek syndrome in association with breast cancer, hoping to raise awareness that numb cheek syndrome can occur in association with malignancy, where we postulate that it can be due metastasis or paraneoplastic neuropathy involving the infra-orbital or maxillary nerve, even without a discrete adjacent mass causing nerve compression. Although not previously reported until now, breast cancer should be included in the list of malignancies that can be associated with numb cheek syndrome.
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Metastases to the breast from extramammary sources are extremely rare, with the ovary, primarily high-grade serous carcinoma, being the most common origin. We report a case of breast metastases from advanced stage ovarian mucinous carcinoma in a 48-year-old female— a case hitherto unreported in the literature. The case is noteworthy for its atypical presentation marked by an areolar rash, clinically suggestive of Paget disease of the nipple. This unique clinical scenario, coupled with histopathological examination revealing in-situ-like carcinoma component, posed a diagnostic challenge in discerning the tumour origin. We emphasize the need for heightened awareness among pathologists to avoid misdiagnosing metastatic carcinomas as primary breast tumours, a potential pitfall with significant clinical implications.
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1 Introduction

Non-mammary metastatic carcinoma to the breast and axilla constitutes a rare subset, accounting for only 0.2-1.1% of all breast malignancies (1, 2), with haematologic metastases excluded. The gynaecologic tract is the most prevalent primary extramammary site, notably the ovary (3). High-grade ovarian serous carcinoma is the predominant type, followed by the much less common metastatic ovarian clear cell carcinoma (3).

Remarkably unusual, metastatic ovarian mucinous carcinoma to the breast has been scarcely documented, with only two related cases in the literature. One case involved seromucinous carcinoma (4), a subtype of endometrioid carcinoma according to the latest WHO classification of female genital tumours (5). Another patient had a mixed mucinous and mesonephric cystadenocarcinoma (6), where the breast biopsy exhibited a solely mesonephric appearance.

Herein, we present a distinct case of breast metastasis originating from advanced ovarian pure mucinous carcinoma, a scenario not previously documented. In this report, we delineate the intriguing histologic findings and discuss the diagnostic challenges inherent in such rare occurrences.




2 Case report

A 48-year-old Chinese female with a previous diagnosis of mucinous ovarian cancer, initially identified in January 2022, experienced recurrence shortly after completing chemotherapy. The patient re-presented with extensive peritoneal disease, which showed a short duration response to second-line chemotherapy. Her disease progression was marked by rapid growth of two right breast masses, measuring 50 mm and 10 mm at 9 o’clock and 10 o’clock, respectively. Radiological assessments revealed interval detection of an FDG avid irregular lesion in the retro-areolar region of the right breast (size of 3.6cm x 2.3cm) (Figure 1A), with several new small mildly FDG avid satellite lesions seen in the rest of the right breast.
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Figure 1 | PET CT images dated 16/10/2023 (A) depict a highly metabolic right breast lesion. The cancer exhibited significant response following only 3 cycles of combination chemotherapy incorporating Trastuzumab (TCH regimen), as evidenced by the image from 18/12/2023 (B). The nipple (C) showed a rash at the lateral aspect of the right nipple areolar complex (red arrow), clinically mimicking Paget disease. A small surgical scar (blue arrow) is observed at the lateral edge of the rash, attributed to a recent incisional skin biopsy.

In addition to the breast masses, clinical examination detected a right areolar rash (Figure 1C). Core biopsies without prior fine needle aspiration cytology were performed on both masses, along with a nipple incisional biopsy.

Histological examination of the core biopsies from both masses revealed an invasive carcinoma characterized by dispersed nests, trabeculae, and tubules, comprising 10-75% of the tumour, infiltrating amidst benign and variably inflamed breast lobules and oedematous stroma. Predominantly, the tumour cells exhibited high-grade nuclei with abundant eosinophilic and foamy cytoplasm. Some regions displayed atypical glandular structures, partially lined by nuclei of relatively lower grade, featuring abundant basophilic apical mucin seamlessly transitioning into highly pleomorphic epithelial cells. Notably, no extracellular mucin, cystic-papillary structures, conspicuous goblet cell, or signet ring morphologies were observed. There were dense collagenous bands encircling a few glands, resembling intact basement membranes. Adjacent to these bands were inconspicuous, stretched-out, and compressed cells, akin to myoepithelial cells. Lymphovascular invasion was evident in three foci within one section of the breast core obtained from the 9 o’clock mass, while its presence in the 10 o’clock mass was equivocal. Additionally, the 9 o’clock lesion exhibited a fibroadenoma with carcinoma involvement. Non-neoplastic breast tissue revealed adenosis accompanied by chronic inflammation.

Immunohistochemistry (IHC) analysis showed diffuse positive reactivity for PAX 8 in the nuclei of the malignant cells, while GATA3, GCDFP15, and WT1 exhibited negative staining. Positive CA125 reactivity was observed in the malignant glands. Smooth muscle myosin heavy chain (SMMHC) revealed general negativity around malignant glands and tumour nests, with scattered peripheral positivity around some malignant groups. CK5 highlighted scattered malignant cells, with some tumour nests showing apparent peripheral positive decoration. p63 was negative around tumour nests and malignant glands. Mammaglobin displayed patchy faint to weak cytoplasmic blush in occasional malignant cells. ER and PR were negative, evidenced by no staining, with optimally stained normal breast epithelium. Equivocal HER2 IHC staining (score 2+) was noted in 30% and 40% of tumour cells in the 9 o’clock and 10 o’clock lesions, respectively, displaying weak-to-moderate intensity. VENTANA HER2 Dual ISH DNA Probe cocktail showed positive results (group 1) for HER2 gene amplification; the average HER2:CEP17 ratios were 2.7 and 3.2 in the 9’clock and 10 o’clock tumours, respectively. A detailed representation of the histology and immunohistochemical studies of the core biopsies of the breast masses is provided in Figure 2.
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Figure 2 | Breast core biopsies illustrate the invasive carcinoma, showing perilobular infiltration (A) and involvement of a fibroadenoma (B). Multiple foci of lymphovascular invasion are evident (arrowheads) (C). Distinctive features include dense collagenous bands encircling some glands, resembling a basement membrane with stretched-out and compressed cells (arrowheads), akin to myoepithelial cells (D). A few glands are partially lined by columnar cells with lower-grade nuclei and abundant basophilic apical mucin, transitioning seamlessly into highly pleomorphic epithelial cells (E). IHC results demonstrate scattered positivity for smooth muscle myosin heavy chain (SMMHC) (F) and cytokeratin 5 (CK5) (G) around the tumour nests. Carcinoma cells display positive staining for CA125 (H) and PAX8 (I).

The nipple biopsy section demonstrated malignant glands and nests with identical histomorphology to the carcinomas described above. The infiltrating carcinoma involved the epidermis, dermis, and deeper parts of the nipple stroma and areolar muscle. Focal epidermal erosion was identified, though the epidermis was devoid of abnormal intraepidermal epithelial clusters. Several malignant cells exhibited cytoplasmic mucinous vacuoles, and dermal lymphovascular invasion was present (Figure 3).
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Figure 3 | The nipple biopsy reveals infiltrating carcinoma involving the epidermis with focal epidermal erosion (A), extending into the dermis with dermal lymphovascular invasion (arrow) (B). The metastatic carcinoma in the omentum shows a comparable morphology to the tumour present in the breast (C) an in-situ-like structure (arrow) is also identified (D).

The histology of the primary ovarian tumour was unavailable for review. Subsequent biopsies, displaying identical appearances, revealed multiple metastases to the omentum - the largest tumour deposit being 5 cm, pelvic peritoneum, bilateral sides of the diaphragm, liver capsule and gallbladder bed, including to the serosa, muscularis propria and mucosa of the sigmoid colon. The basement membrane-like matrix with occasional basal stretched-out cells were also noted in the section of metastatic carcinoma to the omentum and pelvic peritoneum (Figure 3B).

Upon identification of a positive (HER2) Dual In Situ Hybridization (DISH) result in both the breast and peritoneal specimens, the clinical chemotherapeutic regimen was revised to a more manageable and well-tolerated combination with an anti-HER2 drug. The tumour exhibited a remarkable and positive response to the modified chemotherapeutic regimen (Figure 1B).




3 Discussion

We present an unusual case of metastatic ovarian mucinous carcinoma, clinically presenting as breast masses and a nipple rash mimicking Paget disease of the nipple. Histologically, the carcinoma exhibited infiltration into periductal and perilobular areas, sparing terminal duct-lobular structures, and involving a fibroadenoma. Notably, the carcinoma displayed mucinous features with high-grade cytomorphology, lacking extracellular mucin and the characteristic appearance of mucinous cystadenocarcinoma of the breast, specifically the absence of cystic areas with papillary epithelial proliferation.

Distinctive features included a subset of glands partially lined by tall columnar cells exhibiting relatively lower grade nuclei and abundant basophilic intracytoplasmic mucin, reminiscent of Mullerian mucinous epithelium. These features deviate from the typical morphology of invasive mammary carcinoma. Considering the patient’s history of ovarian mucinous carcinoma (which was not initially available), the diagnosis of metastatic carcinoma was favoured. However, the mucinous differentiation was only focally present and it is acknowledged that the tumour appearance may be influenced by chemotherapy, and the biopsy samples may not fully capture the heterogeneous morphology of the tumour. Consequently, the possibility of a primary breast carcinoma could not be definitively ruled out.

The presence of a basement membrane-like matrix encircling tumour nests and glands, coupled with occasional juxtaposition of stretched-out, flat to oval darker-stained nuclei, prompted consideration of in-situ carcinoma and a primary tumour. However, immunohistochemical staining for myoepithelial cells revealed mostly equivocal positivity though some accentuation of peripheral staining could be potentially interpreted as reflecting attenuated myoepithelial cells. Interestingly, upon comparing the histology with that of biopsies from other metastatic sites in subsequent specimens, the in situ-like pattern was also observed in the pelvic peritoneal sections, refuting the notion of a genuine in-situ process for this appearance.

Immunohistochemically, the carcinoma cells exhibited diffuse positivity for PAX8 and CA125, while testing negative for breast immunomarkers such as GATA3 and GCDFP15. The combined histologic findings and immunoprofile supported a metastatic ovarian origin.

Literature reviews underscore the rarity of metastatic extramammary carcinomas to the breast, with only a small proportion (11%) (3) presenting with breast or axillary lesions as the initial manifestation, while the majority (77%) (3) already have disseminated disease upon breast metastasis detection. Clinical history proves pivotal for accurate diagnosis, but in instances where information is lacking or inaccessible, non-mammary metastases can be challenging to identify and may be misdiagnosed as primary breast cancer.

The patients’ age ranges from 15 to 83 years, with a median age of 54 years (3). Tumour sizes exhibit a median of 1.68 cm, ranging from 0.5 to 18 cm (3). Radiologically, metastatic tumours often lack specific features but are typically unilateral, singular masses, and frequently located in the upper outer quadrant, accounting for 50-60% of cases (7, 8). These findings may mimic benign and malignant breast tumours, adding complexity to the diagnostic process.

Histologically, metastatic tumours in the breast can disclose various patterns (7, 9, 10), including a circumscribed tumour, which is the most prevalent, featuring a well-defined mass surrounded by normal breast tissue. In some cases, the tumours form nodules distributed around ducts and lobules. Another pattern involves lymphangitis carcinomatosis, where multiple dispersed tumour clusters are present within dilated lymphatic spaces. In addition, a diffuse involvement of breast parenchyma may occur, indicating a more widespread infiltration of tumour cells throughout the breast tissue.

Microscopic findings identified in prior studies indicative of metastasis include features that are unusual for breast carcinoma (1, 3, 11, 12), the absence of in-situ carcinoma (1, 3, 11, 12), a well-circumscribed or pushing tumour border enveloped by a fibrous pseudocapsule (3, 11), the lack of elastosis (1, 11, 12), and the presence of multiple satellite foci (11). While lymphatic emboli are recognized as suggestive of metastatic disease (1, 12), it is noteworthy that lymphovascular invasion was found to be absent in 87% of cases in one study (3).

The presence of an intraductal component of carcinoma is consistently noted in the literature as supportive evidence for primary breast cancer (1, 3). However, we highlight the potential diagnostic pitfall of relying solely on in-situ appearances to support the diagnosis of primary breast carcinoma. In situ-like metastatic foci that mimic in-situ mammary carcinoma have been occasionally reported in the literature, offering two plausible explanations for this phenomenon. The first scenario involves the spread of metastatic ovarian cancer cells into existing mammary ducts, as illustrated by Maeshima Y. et al. (4), where the in situ-appearing architecture exhibited neoplastic cells having the same morphology as metastatic seromucinous carcinoma, surrounded by confirmed myoepithelium. A similar finding is described in metastatic colonic adenocarcinoma to the biliary tract, where intraepithelial growth mimics primary intrabiliary carcinoma (13). The second scenario is lymphovascular invasion mimicking in situ disease, proposed by Gupta D et al. (14), involving metastatic renal cell carcinoma and metastatic ovarian papillary serous adenocarcinoma. These cases showed multiple tumour emboli floating within and plugging lymphatic spaces. In some foci, metastatic carcinoma cells adhered to the endothelium and expanded the lymphatic spaces, mimicking ductal carcinoma in situ. Conclusive evidence was provided by immunohistochemically highlighting the endothelium with CD31, CD34, and Ulex europaeus, observing adjacent vascular structures with accompanying extensive lymphovascular invasion. Also noted in the study was desmoplastic and inflammatory response around dilated lymphatic spaces and necrosis within the tumour clusters in lymphatic spaces mimicking periductal stromal change and comedonecrosis seen in ductal carcinoma in situ, respectively (14).

To differentiate DCIS from tumour emboli, myoepithelial and endothelial immunomarkers should be considered. Caution is warranted in the evaluation of myoepithelial immunohistochemical (IHC) markers, as 84.2% (15) of ductal carcinoma in situ (DCIS) cases have demonstrated diminished IHC expression in myoepithelial cells, particularly in high-grade DCIS. Of note, smooth muscle myosin heavy chain (SMMHC) exhibits significantly reduced reactivity in these cases. In this context, SMA, p75, p63, and calponin may offer greater sensitivity and may be preferable for assessing myoepithelial cells (15). Additionally, the expression of D2-40, commonly employed for detecting lymphovascular invasion, has been observed in varying degrees in myoepithelial cells in mammary carcinoma in situ (16).

The encircling collagenous band around epithelial nests may resemble a native basement membrane. Such basal-membrane-like structures have also been documented in breast carcinoma metastasis to the lymph nodes (17) and many types of malignant tumours, for example, basaloid squamous carcinoma of the gastrointestinal tract (18) and pancreas (19), and invasive basal cell carcinoma of the skin (20). In the context of breast carcinoma, the presence of in-situ-like structures in metastatic sites supports their being reactive stroma rather than an in-situ process (21).

In our case, immunohistochemical stains for myoepithelial cells (SMMHC, CK5 and p63) produced equivocal results with some suggestion of focal positive rimming of occasional malignant nests. The existence of multiple foci of lymphovascular invasion and the proximity of small vessels adjacent to the in-situ-like foci raise the possibility of tumour emboli mimicking carcinoma in situ. Additionally, the basement membrane-like structures were identified in extramammary tumours (pelvic peritoneum), supporting metastatic disease.

Therefore, reviewing the histology of the prior malignancy and other synchronous tumours might assist in the diagnosis, as exemplified in our case. The likelihood of a diagnosis of metastatic carcinoma is strengthened if there is similar morphology to the prior carcinoma.

Immunohistochemical stains can be valuable in identifying the primary site of the tumour; however, they can also introduce complexity into the diagnosis, particularly in cases of mucinous-type ovarian carcinoma. This subtype tends to exhibit a divergent immunohistochemical profile from the typical pattern (CK7+/CK20-/PAX8+) observed in other epithelial-type ovarian tumours. CK7 and CK20 show varied positivity in ovarian mucinous tumours, with the majority displaying positivity for CK7 (22). The staining variability observed poses a challenge in differentiating ovarian mucinous tumours from primary breast carcinoma. The immunoprofile of CK7 positivity and CK20 negativity is akin to that of breast carcinoma, while addition of PAX8 positivity aligns more with an ovarian origin.

However, PAX8, a Mullerian immunomarker, is negative in 80-90% of ovarian mucinous carcinomas (23, 24). Similarly, SOX17, identified as a novel and promising biomarker with high specificity for gynaecologic tumours, produced positive results in only 23% of ovarian mucinous carcinomas (25). It is noteworthy that PAX8 positivity with variable staining intensity and tumour percentage is also observed in 6.02% of invasive mammary carcinoma, mostly high-grade with triple-negativity (26).

WT1 is not contributory in distinguishing between ovarian mucinous and breast carcinoma, as both can be negative (23). This observation is supported by Nonaka D et al. (23), in their study, where they found that WT1 expression was observed in 64% of pure and 33% of mixed mucinous breast carcinomas. The expression of WT1 was usually weak and focal in most of the positively staining breast tumours (3).

CA125 proves to be helpful in this context, as 90% of ovarian carcinomas are positive for CA125, exhibiting strong and diffuse staining, while the majority of breast carcinomas are negative for CA125 (27). Only 16% of primary and 12% of metastatic breast carcinomas showed weak and focal positivity (27). Mucinous cystadenocarcinoma of the breast has also been reported to be negative for CA125, although data on this entity are limited due to its rarity (28).

Breast immunomarkers prove highly valuable in this situation, as the majority of ovarian carcinomas were negative for these markers (29–31). It is important to note that a subset of ovarian mucinous carcinomas (2 out of 20 cases in one study (29)) can be positive for GATA3 (29), and 4% of ovarian tumours can express GCDFP-15 as well (2). TRPS1 appears to have higher sensitivity and specificity than GATA3 (31). Therefore, using TRPS1 immunohistochemistry as an adjunct with traditional breast and other markers may confirm or exclude a breast origin. However, 8% of ovarian non-serous carcinoma showed variable positivity for TRPS1 (31).

In our case, positivity for PAX8 and CA125 and negativity of markers associated with a breast origin supported ovarian metastasis. The metastatic carcinoma also exhibited HER2 amplification. HER2 overexpression has been documented in 25-40% of ovarian mucinous carcinomas (32, 33). Therefore, pathologists should exercise caution and not be misled by a positive HER2 result as supportive evidence for primary breast origin.

Nipple involvement by metastatic carcinoma is an exceedingly uncommon occurrence. Our case represents, to our knowledge, the first reported instance of nipple involvement by metastatic ovarian carcinoma, clinically manifesting as an areolar rash and mimicking Paget disease of the nipple. Histological examination revealed epidermal erosion with tumour involvement, albeit without the presence of intraepidermal tumour nests. While the literature review identified a limited number of cases depicting metastatic ovarian high-grade serous carcinoma and clear cell carcinoma to the breast, simulating inflammatory breast carcinoma, and an ovarian serous carcinoma metastases to an intramammary lymph node mimicking a primary breast carcinoma (34–38), such a clinical presentation was not evident in our cases. Furthermore, the antecedent case reports did not report nipple involvement.

The identification of a metastatic tumour within the breast commonly heralds an unfavourable prognosis, as a substantial proportion of patients already manifest widespread disease. According to a case series (3), mortality was observed in 96% of patients with available follow-up data, culminating in a median survival period of 15 months subsequent to the diagnosis of the breast or axillary lesion.

In summary, we highlight the crucial importance of accurate diagnosis when dealing with these tumours to avoid unnecessary surgical procedures or treatments. The case presented emphasizes a diagnostic strategy that focuses on identifying morphology favouring metastatic carcinoma, particularly considering the patient’s history of extramammary malignancy and the unusual histology that does not align with primary breast cancer. The identification of carcinoma in-situ-like foci, while conventionally indicative of a breast primary, introduces a potential diagnostic pitfall. Awareness of mimics, such as a basement membrane-like matrix or in-situ-like structures signifying the dissemination of metastatic cancer cells into pre-existing mammary ducts and lymphatic emboli, is crucial. Consequently, the in-situ appearance should not be construed as conclusive pathognomonic evidence of primary disease unless complemented by additional histologic and immunohistochemical support. Comparing tumour histology with specimens from primary and metastatic sites refines diagnosis. Tailoring immunohistochemical stains based on the patient’s non-breast malignancy history and carcinoma morphology is crucial. A broad immunohistochemical panel, including multiple organ-specific markers for potential origins, is imperative to avoid pitfalls in interpretation.
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Renal metastasis of breast angiosarcoma is rare. This article reports the medical records of a patient diagnosed with breast angiosarcoma who underwent radical mastectomy and was found to have multiple lung metastases 3 years after surgery and renal pelvic metastasis 4 years after surgery. The patient underwent robot-assisted laparoscopic radical nephroureterectomy and sleeve resection of the intramural segment of the ureter, and postoperative pathology and immunohistochemical staining confirmed the diagnosis of renal pelvic metastasis of breast angiosarcoma. The patient received anlotinib for lung metastases following surgery and was followed up for 4 months after surgery. Currently, the patient has symptoms of coughing and hemoptysis but no other discomfort. The diagnosis and treatment of this rare malignant tumor remain challenging.
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1 Introduction

Breast angiosarcoma (BA) is a highly invasive malignant tumor that originates from the endothelial cells of the breast blood vessels. It is most common in women aged 20-40 years and accounts for less than 1% of all breast cancers. The 5-year overall survival rate is only around 30% (1, 2). BA can metastasize hematogenously to the contralateral breast, lungs, bones, liver, ovaries, skin, and subcutaneous tissues, whereas metastasis to the orbital tissues and lymph nodes is rare (3, 4). Primary breast angiosarcoma (PBA) often presents as a rapidly enlarged round-like mass located in the depths of the breast in a short period of time, which can show traumatic purplish-red changes when the tumor is superficial or invades the skin (1, 5). However, there is currently no literature on PBA that has metastasized to the kidney or renal pelvis. Here, we describe the diagnosis and treatment of PBA in a 33-year-old female.




2 Case description

The patient is a 33-year-old female, with no family history of breast tumor. In October 2019, she underwent needle biopsy of a right breast mass and was diagnosed with PBA (Figure 1). Immunohistochemical staining showed AE1/AE3 (- [Indicates a negative result]), CK7 (-), GATA3 (-), Vimentin (+ [Indicates a positive result]), CD34 (+), CD31 (+), SMA (-), calponin (-), ER (-), PR (-), CerbB-2 (0), β-catenin (cytoplasmic +), CD10 (-), and Ki67 (approximately 70% +) (Figure 2). The patient received radical mastectomy and paclitaxel for 10 cycles. In January 2022, due to coughing and bloody sputum, she underwent computed tomography (CT) of the lungs and needle biopsy; she was subsequently diagnosed with multiple lung metastases. The patient received targeted therapy and showed a poor response to apatinib but achieved good control after switching to anlotinib.

[image: A collage of four histopathological images labeled A, B, C, and D. Each panel shows tissue samples with varying cellular arrangements and densities, stained to highlight cell nuclei in purple. The images likely depict different magnifications or tissue states for comparison.]
Figure 1 | Breast biopsy specimen with hematoxylin and eosin (HE) staining. (A) Specimen 1 (×100). (B) Specimen 1 (×200). (C) Specimen 2 (×100). (D) Specimen 2 (×200).

[image: Four microscopic images labeled A, B, C, and D show tissue samples with varying patterns and densities. Each sample displays different levels of staining, indicating differences in cellular structures or protein expression. The images are arranged in a grid pattern, with A and B on the top row, and C and D on the bottom row.]
Figure 2 | Breast biopsy specimen with immunohistochemical staining. (A) Specimen 1, CD31. (B) Specimen 1, CD34. (C) Specimen 2, CD31. (D) Specimen 2, CD34.




3 Diagnostic assessment

On November 15, 2022, the patient was admitted to the hospital due to gross hematuria for 10 h, accompanied by dizziness and fatigue. The blood cell analysis revealed hemoglobin (Hb) at 76 g/L and a red blood cell (RBC) count of 2.45 × 10¹²/L. Urinalysis showed an entire field of RBCs. The chest CT scan showed multiple solid nodules in both lungs, with the larger one located in the apicoposterior segment of the upper lobe of the left lung, measuring approximately 1.79 × 1.39 cm. The edge of the nodule was lobulated and uniformly enhanced on a contrast-enhanced scan. Abdominal CT suggested destruction of the structure of the right renal pelvis and calyces, with a lump-like and slightly high-density shadow in the renal sinus area, with the largest cross-sectional size approximately 4.46 × 4.81 cm. Contrast-enhanced scanning revealed multiple irregularly enhanced areas inside the mass in the arterial phase with multiple small blood vessels visible. The adjacent renal parenchyma exhibited decreased enhancement. CT revealed a malignant tumor in the right renal pelvis that had metastasized from other origins, or a bleeding pseudoaneurysm (Supplementary Figures 1, 2). Cystoscopy revealed no ureteral bleeding, and a biopsy of the bladder tissue revealed chronic inflammation of the mucosa. Urine cytology results were grade II and urine fluorescence in situ hybridization (FISH) was negative. Owing to the patient’s wishes, no further treatment was administered.

After 3 months, CT showed an increase in the number and size of the lung lesions, and the tumor in the right renal pelvis was slightly larger, with the largest cross-sectional size of approximately 6.60 × 8.10 cm (Figure 3). Renal angiographic ultrasound showed that the tumor began to enhance at 17 s and then rapidly increased as a whole, with no enhancement visible inside the tumor throughout, reaching a peak at 20 s with high enhancement, and subsiding slightly earlier than the surrounding renal parenchyma (Supplementary Figure 3). The patient underwent robot-assisted laparoscopic right nephroureterectomy and transurethral cystoscopy for bladder clot removal (Supplementary Figure 4). Bleeding was observed at the right ureteral orifice during surgery. Postoperative pathology showed a tumor measuring 7.00 × 5.50 × 3.70 cm in the right renal pelvis, with cancerous tissue penetrating the perirenal fat and visible cancerous tissue in the blood vessels. Immunohistochemical staining showed CK20 (-), 34βE12 (-), β-catenin (membrane and cytoplasmic +), p63 (-), GATA-3 (focally weak +), S100P (-), Uroplakin II (-), CK7 (-), Ki67 (approximately 70% +), AE1/AE3 (-), EMA (-), Vimentin (+), CD31 (partial +), CD34 (+), SMA (-), Desmin (-), PAX-8 (-), INI-1 (expression), OCT3/4 (-), ALK D5F3 (-), CyclinD1 (partial +), HMB45 (-), Melan-A (partial +), S100 (-), Myogenin (-), Fli-1 (+), TLEl (+), and CD99 (partial cytoplasmic +) (Supplementary Figures 5, 6). The pathological diagnosis was consistent with angiosarcoma, partially presenting with an epithelial-like morphology. Follow-up at 4 months postoperatively showed symptoms of coughing and hemoptysis, with no other discomfort. CT revealed no abnormalities in the surgical area of the right kidney, but showed aggravation of lung metastasis (Supplementary Figure 7).

[image: Four-panel medical imaging:  A. Axial CT scan showing lung structures with visible lesions. B. Coronal CT scan of the lungs exhibiting multiple abnormalities. C. Axial CT of the abdomen indicating soft tissue structures. D. Another axial abdominal CT highlighting different tissue densities.]
Figure 3 | Computed tomography (CT) scan showing an increase in the number and size of lung lesions compared to previous results, with a slight increase in the right renal sinus mass. (A) Chest CT scan, horizontal position. (B) Chest CT scan, coronal position. (C) Abdominal CT scan, horizontal position. (D) Abdominal CT scan, arterial phase, horizontal position.




4 Discussion

BA is a rare malignant tumor. There are only a few retrospective studies and case reports but no large randomized controlled trials. Therefore, there are still no clear guidelines and evidence to guide the treatment of this disease. Surgery is still the main treatment at present (1). Due to the aggressive and multifocal nature of angiosarcoma, the prognosis is poor when the margins are positive (6). Currently, breast angiosarcoma is mainly treated with mastectomy to achieve as negative a margin as possible, and the recurrence rate after breast-conserving surgery is high (7, 8). There is still no definite evidence that adjuvant chemotherapy and radiotherapy can improve patient survival.

Angiosarcoma may present local recurrence and distant metastasis in the early stage, and the prognosis is significantly worse than that of other breast tumors. Studies have shown that DFS and OS of low - and medium-grade breast tumors are significantly longer than those of high-grade tumors (7, 9). PBA is prone to metastasize to the contralateral breast, lungs, bones, liver, ovaries, skin, and subcutaneous tissues hematogenously. However, there is currently no record of metastasis to the kidneys or renal pelvis. This disease can be differentiated from the following conditions.

Primary carcinoma of the renal pelvis: This is a subtype of urothelial carcinoma. Ureteroscopy and histopathological examinations are the gold standard for this form of carcinoma. Urine cytology and urine FISH examination are economical and convenient non-invasive methods with good sensitivity and specificity (10). Immunohistochemical (IHC) Staining is an application of immunostaining. It is based on antigen-antibody reaction, where it uses antibodies to determine the tissue distribution of an antigen of interest, such as tumor antigens. IHC is an important tool in diagnostic and research. The most important markers for malignant urothelial carcinoma are GATA3, CK7, CK20, and p63 (11), whereas for angiosarcoma, CD31 is the most specific marker for endothelial cell differentiation, and CD34 is more sensitive. Ki-67 reflects the mitotic rate of cells and is higher in sarcomas with invasive characteristics (12). The transcription factors ETS-related gene (ERG) and friend leukemia integration 1 (FLI-1) are new antibodies with high sensitivity and specificity compared with CD34 and CD31 (13).

Renal pelvic hematoma, otherwise known as renal pseudoaneurysm, is a renal pseudotumor caused by the rupture and bleeding of small renal parenchymal arteries. CT scans showed a slightly high-density mass with a clear boundary from the renal parenchyma, which could cause compression of the renal pelvis and calyces without signs of destruction. In the acute or subacute phase, the density of the mass may increase slightly owing to the entry of contrast agents into the lesion through the ruptured blood vessels.

Renal artery aneurysm: On CT, it appears as a uniform, slightly high-density mass with clear edges and calcifications on the wall. The tumor body was clearly enhanced. The difference is that the degree of aneurysm enhancement is the same as that of the abdominal aorta and renal artery at any time, and renal artery angiography remains the gold standard for diagnosis and treatment (14).

Nephroureterectomy is the gold standard treatment for upper urinary tract tumors, including total resection of the affected kidney and ureter to the ureteral orifice. Due to the long learning time for laparoscopic techniques, high surgical difficulty, and high tension in bladder incision suture reconstruction, its further promotion and application are limited. Robot-assisted laparoscopy has many advantages over traditional laparoscopy, including a three-dimensional high-definition surgical view, simulated arms with seven degrees of freedom, and the ability to automatically filter hand tremors (15). Currently, there are few reports of single-position robot-assisted laparoscopic nephroureterectomy for renal pelvic carcinoma in China. In this case, the patient had a minor intraoperative injury, good postoperative recovery, and no adverse complications.

This study is the first reported case of renal metastasis from a PBA to date. The diagnosis and treatment of this rare malignant tumor remain challenging.




5 Patient perspective

The patient is satisfied with the treatment effect. The personal information related to the patient has been hidden from this manuscript. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.
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Pseudoangiomatous stromal hyperplasia (PASH) is a benign interstitial hyperplasia of the breast that usually occurs in premenopausal or perimenopausal women. It is usually characterized by localized lesions or clear boundary masses, and diffuse double breast enlargement is rare. PASH is considered a hormone-dependent disease that is commonly progesterone related. There are no imaging characteristics, and both benign and suspicious malignant signs can be seen. The definitive diagnosis of PASH depends on a pathological diagnosis, and it is necessary to be vigilant in distinguishing between benign and malignant tumors with similar breast histopathology. Here, we report the case of a 23-year-old multipara patient with bilateral diffuse pseudoangiomatous stromal hyperplasia of the breast during pregnancy who presented with macromastia and reviewed the literature to further understand the clinical features, pathological diagnosis, differential diagnosis, treatment and prognosis of pseudoangiomatous stromal hyperplasia of the breast.
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Background

Pseudoangiomatous stromal hyperplasia (PASH) can exist independently and is mainly or entirely composed of stromal cells (1). It is a rare benign lesion of the breast that was first described by Vuitch et al. (1986). The age of onset ranges from 12 to 86 years (2), and it is most common in premenopausal women and less common in perimenopausal women and men. It has also been reported in preadolescent women, patients with immune deficiency and patients taking immunosuppressants (3, 4). The etiology and pathogenesis of PASH are still unclear, and most scholars believe that its pathogenesis is related to hormone dependence. Most clinical cases involve palpable masses, very few of which can grow diffusely to form giant mammary disease. The clinical manifestations and imaging features are nonspecific (4, 5) and are often ignored or missed. A definitive diagnosis of PASH depends on a pathological diagnosis, and clinicians should be vigilant in distinguishing between benign and malignant tumors with histopathology similar to that of other breast tumors. We report a 23-year-old patient with bilateral diffuse pseudoangiomatous stromal hyperplasia of the breast during pregnancy who presented with galactoma. We also reviewed the literature to further understand the clinical features, pathological diagnosis, differential diagnosis, treatment and prognosis of patients with pseudoangiomatous stromal hyperplasia of the breast.





Clinical data

A 23-year-old female patient who conceived normally for the first time in January 2018 underwent a cesarean section in November and gave birth to a healthy baby girl. During pregnancy, bilateral mammary glands slightly increased in size symmetrically, and there was normal postpartum lactation. Multiple forms of galactostasis occurred during lactation, and after self-mammary physical therapy, lactation resumed, continuing for half a year. The patient became pregnant again in April 2019. At 12 weeks of pregnancy, asymmetry of the bilateral mammary glands increased, bumps were palpated, and occasional pain was felt. No treatment was administered, and the fetus was found to be normal during pregnancy. In February 2020, a healthy baby girl was delivered by cesarean section again. One week after delivery, bilateral breast gland enlargement was obvious, with a small amount of milk secretion, which continued to increase within three months, accompanied by back pain, local skin thickening and pruritus, and no milk secretion. She took the traditional Chinese medicines Rupixiao and Dianshi pills and then remained in stable condition. She came to our hospital on July 21, 2022, and a color ultrasound examination revealed changes in diffuse edema in both breasts (BI-RADS category 3). Breast MRI revealed multiple nodules and masses in both breasts, which were considered inflammatory granulomas. Pathologic results of tumor resection of the breast mass under local anesthesia revealed pseudohemangiomatoid stromal hyperplasia. One month after the operation, both breasts enlarged rapidly and affected the patient’s life. On August 29 of the same year, double breast mass resection under general anesthesia plus bilateral breast reduction and lift was performed at another hospital, and the pathological results were the same as before. Six months after the operation, the patient developed a new breast mass, which grew rapidly, and the breast volume of the patient returned to its initial size, accompanied by thickening, hardening, and redness of the skin under the areola. This preoperative serological examination of female hormones revealed an increase in estradiol of 3834.49 pmol/ml, and the estradiol level reached a normal value after the operation. After full communication between the surgeon and the patient, bilateral subcutaneous gland resection, inverted mastectomy and skin biopsy were performed on July 4, 2023. Postoperative pathology revealed breast pseudohemangiomatoid stromal hyperplasia, epidermal hyperplasia with hyperkeratosis, granulosa thickening and chronic inflammatory cell infiltration in the dermis. No recurrence was found at the 5-month follow-up after the operation.





Imaging examination

Mammography revealed that both mammary glands appeared as lumps of varying size that were elliptic, with borders or partial borders, calcification, or structural distortion (Figures 1A, B).

[image: Panel A shows a mammogram of the right breast, labeled RCC. Panel B shows a mammogram of the left breast, labeled LCC. Panel C displays an ultrasound scan with a dark, irregular mass. Panel D shows an ultrasound with a dark, oval-shaped structure in the tissue.]
Figure 1 | Manifestations (A, B) in the PASH image showed changes in the double milk molybdenum target, which showed an oval isondense mass. (C, D) show ultrasound changes in both breasts, manifested as hypoechoic nodules with clear boundaries and cystic changes.

Color ultrasound revealed that the double mammary gland was not clear, the structure was more disordered, the internal echo was not uniform, there were thick spots and light spots, and a patchy irregular sparse area could be seen. CDFI: No important abnormal blood flow in either mammary gland. There were many low-echo and no-echo zones in both breasts. The largest diameter of the no-echo zone was approximately 15.9 mm, and the diameter of the low-echo zone was approximately 19.6-53.9 mm. The shape was regular, the boundary was clear, and the echo was uniform (Figures 1C, D).





Routine pathological examination




General manifestations

The left and right mastectomy specimens weighed 5 kg and 5.5 kg, respectively. The sections were multinodular, 0.5-2.5 cm in diameter. The sections were gray and grayish brown, the internodules showed edema or mucous changes, and multiple sac-like structures of different sizes could be seen without bleeding or necrosis (Figure 2). The skin tissue of the breast was rough, thickened and pigmented.

[image: Panel A shows a person with visible surgical scars on the breasts. Panel B displays excised tissue with a pale and uneven surface, indicating surgical removal.]
Figure 2 | Bilateral mammary gland enlargement in patient (A) before surgery; (B) gross manifestations of tumor resection.





Pathologic features

The histopathological features under the double mastoscope were similar, as shown by typical PASH images; PASH was diffusely distributed in the interlobular and intralobular tissues of the breast, similar to fibrous scar tissue; irregular fissured spaces of varying sizes were visible; the spaces were lined with mild fusiform cells; and no red blood cells were found in the lacunae. At the same time, there was common ductal epithelial hyperplasia, apocrine metaplasia, columnar cell hyperplasia and cystic changes, and flocculent secretions in the cystic cavity. Luteal phase changes were observed in normal breast lobular units, including lobular-specific interstitial edema, myoepithelial cell vacuolation, and high columnar ductal epithelium with apical plasma secretion. Epidermal hyperplasia of breast skin with hyperkeratosis, granulosa thickening with acanthosis, superficial dermis and perivascular lymphocyte infiltration were observed (Figures 3A–F). Immunohistochemical results showed that the fusiform cells of the lacunar lining had positive expression of CD34+, SMA+, CD99+ and BCL-2+, while the vascular and lymphatic endothelial cells labeled with CD31 and D2-40 were negative and Ki-67 was <1%. The duct epithelium had positive expression of ER and PR, and the ER showed a heterogeneous expression pattern with varying intensity. The expression of PR was greater than that of ER, and most of the cells were strongly positive. The fusiform cells of the lacunar lining were negative (Figures 3G–I).

[image: Microscopic images of tissue sections with various magnifications. Panel A shows a low-magnification view with a highlighted area, detailed in Panel B, displaying connective tissue with elongated cells. Panel C shows epithelial layers with folding patterns. Panel D provides a broad view with highlighted regions of glandular structures in Panels E and F. Panel G and H depict stained tissue sections indicating protein expression, with strong staining visible in Panel H. Panel I shows weak staining, suggesting low protein expression. Each panel highlights distinct histological or immunohistochemical features.]
Figure 3 | (A) At low power, a dense collagen matrix around and within the lobules was observed, with slit-like spaces (HE, 40X); (B) there were many fissure-like spaces in the dense collagenous breast interstitium, in which benign spindle cells were arranged without cytological atypia (HE, 200X); (C) epidermal hyperplasia of breast skin with hyperkeratosis, granulosa thickening and acanthosis edema; (D) focal points showed multiple intraductal common type (UDH) and papillary hyperplasia areas (HE, 40X); (E) a local enlarged UDH of the breast (HE, 200X); (F) ductal epithelial papillary hyperplasia of the breast (HE, 200X); (G) fusiform cells between fissures did not express the vasogenic marker CD31 (200X); (H) the expression of CD34 in fusiform cells between fissures was diffusively strong (200X); (I) PR was not expressed in fusiform cells of the interface (200X).






Discussion

PASH is a benign mesenchymal disease of the breast. It is most common in premenopausal or perimenopausal women, and the histopathological features are excessive proliferation of breast interstitial myofibroblasts and the production of rich collagen, which is localized, nodular or diffuse. The clinical manifestations of PASH are localized lesions, which are usually found by chance along with benign and malignant breast diseases. A study by Ibrahim et al. (6) showed that PASH could be found by chance in up to 23% of continuous breast specimens. In addition, 25% of male breast development cases have been reported (7, 8). In contrast, nodular and diffuse PASH, as independent lesions, are rare in clinical practice and typically present as a unilateral, clearly defined mass similar to breast fibroadenoma or lobe tumor, which is more common on one side without nipple or skin changes. A very small number of patients showed diffuse and rapidly enlarging masses on both mammary glands, and only two cases of PASH-related macrosomia in both breasts during pregnancy, accompanied by redness, swelling and orange peel changes, were reported (9, 10). Two previously reported cases of bilateral diffuse mammary pseudoangiomatous stromal hyperplasia during pregnancy presented with macromastia (Table 1). The first patient was a 33-year-old dichorionic diamniotic twin at 14 weeks of gestation who presented bilateral breast enlargement in early gestation, accompanied by back pain, limited movement, respiratory disorders and skin damage. The presence of PASH was confirmed by histopathology. Bilateral skin-sparing mastectomy was performed at 16 weeks gestation, and immediate reconstruction was performed. The fetuses were normal throughout the pregnancy, and healthy twins were delivered by cesarean section at 38 weeks gestation. Another 43-year-old primiparous woman presented at week 22 3/7 with bilateral breast enlargement, accompanied by back pain, limited mobility, respiratory disturbance, and skin damage. The patient had a history of a right breast mass on PASH 4 years prior. The patient had attempted to conceive with clomiphene and intrauterine insemination for 3 months and subsequently exhibited significant growth of the right mammary gland, which was pathologically confirmed as PASH. Bilateral mastectomy was performed at 6.5 months of gestation, and the patient delivered naturally to term with a healthy fetus and no other complications. In our case, a 23-year-old female presented with asymmetric enlargement of the bilateral mammary glands at the third month of gestation, with bumps and occasional pain. After delivery, bilateral mammary glands continued to substantially increase in size, without milk secretion, accompanied by local skin thickening and pruritus, and inflammatory granuloma was considered at first diagnosis. Pathology of the tissue from resection under local anesthesia revealed pseudohemangiomatoid stromal hyperplasia of the breast; this development recurred twice within 12 months after local resection, and the patient finally underwent total glandular resection of both breasts. No recurrence was observed in five months of follow-up.

Table 1 | Overview of the two cases of bilateral breast PASH during pregnancy reported in the literature and this case.


[image: A table presents three cases of patients with breast conditions. Case 1 involves a 33-year-old primigravida with bronchial asthma, developing symptoms at 14 weeks of twin pregnancy. Case 2 describes a 43-year-old primigravida with previous tamoxifen use and IVF, presenting at 22 and 3/7 weeks of gestation. Case 3 involves a 23-year-old multipara with previous galactostasis. Clinical features include bilateral breast issues with typical PASH histopathology. All cases had surgical interventions leading to no recurrence. Follow-ups indicate healthy deliveries. References are noted for each case.]
PASH imaging often shows no specific changes, and both benign and suspicious malignant signs can be observed. It has been reported that nearly 53% of patients with PASH syndrome show abnormalities on screening mammograms (7), and the most common manifestation of PASH syndrome on X-rays is a lump of varying size, usually round or oval, with a border on the edge or a partial border (11). The most common feature of PASH in breast B-ultrasonography is a well-defined low-echo or equal-echo oval mass enhanced by transmission, while the presence of fibrocystic changes can lead to a heterogeneous appearance, generally without calcification (12). Mammography examination mostly revealed round or oval isodense masses with clear boundaries. Polger et al. (13) performed a mammography examination of 7 PASH patients and found isodense masses with a diameter of 1.1-11 cm and no calcification. Breast magnetic resonance imaging (MRI) shows mass or nonmass enhancement and benign dynamic changes (8, 12). In this case, the imaging examination also revealed many low-echo and no echo areas, clear boundaries and uniform echoes.

The histopathological characteristics of PASH can be divided into classic and fascicular types according to the microscopic manifestations. Fissure-like communication branches can be observed in typical PASH, and the inner wall of the fracture is composed of proliferated spindle cells without obvious nuclear atypia or nuclear division. There were no red blood cells in the fissure, and the interwoven collagen fibers exhibited hyaline degeneration. The lesions usually surround the breast lobules, widen the space between the lobules, or extend into the lobules but do not destroy the normal structure of the lobules (2, 14). PASH may be mistaken for low-grade angiosarcoma, which has a true vascular space, on pathological examination (12, 15). Fascicular PASH has more abundant cells, and the fusiform cells in the lesion are arranged in bundles and lack a fissure structure, which is often observed in conjunction with myofibroblastoma (12, 15). In our case, the areas of interlobular and netted interlobular mesenchyme in both breasts were replaced by typical PASH, the lobular units were enlarged or irregular, but no lobular structure was destroyed, and the ductal epithelium was accompanied by exuberant hyperplasia. Common hyperplasia, papillary hyperplasia, columnar cell transformation, cystic dilatation, and flocculent protein secretion can be observed in the cystic dilatation gland lumen, as can nontypical hyperplasia and carcinoma in situ. Relatively normal uninvolved lobular units showed luteal phase changes, lobular-specific interstitial edema, myoepithelial cell vacuolation, high columnar ductal epithelium with apical plasma secretion, and no lactation.

The etiology and pathogenesis of PASH remain unclear. Some researchers have combined the histopathological characteristics of PASH and the clinical characteristics of recurrent, multiple and accompanied neoplastic breast lesions, and most scholars believe that its pathogenesis may involve excessive and abnormal responses of breast myofibroblasts to progesterone stimulation (2, 14, 16). Studies have shown that progesterone receptors are highly expressed in PASH stromal cells but not in normal breast stromal cells. Since progesterone is produced by the metabolism of cytochrome P450, drugs metabolized by cytochrome P450, such as clonazepam, sodium valproate and risperidone, increase the level of progesterone and thus stimulate the growth of PASH (16, 17). In this case, the patient presented with galactoma during pregnancy and experienced two recurrences. Histopathology revealed that diffuse PASH in both breasts presented changes in the extent of galactoma changes without structural damage to lobular units, accompanied by vigorous breast ductal epithelium; relatively normal lobular units presented luteal phase changes, lobular specialized interstitial edema, and myoepithelial vacuolation; and the ductal epithelium presented a highly columnar shape with apical plasma secretion. However, no lactation was observed, so the patient could not breastfeed normally after delivery. Combined with the pathogenesis and histopathological findings of the patients, we agree with most scholars that the occurrence of breast PASH is closely related to the increase in progesterone. The occurrence of PASH during pregnancy is due to progesterone secreted by the placenta, which stimulates hyperplasia of mammary stromal myofibroblasts. However, the hypothesis that PASH is associated with elevated hormone levels is controversial. A study by Erin Bowman et al. conducted a retrospective data analysis of 24 patients with PASH and revealed that 95% of the samples were positive for ER or PR, which supported its developmental hormonal basis (12). Interestingly, both the ER and PR were not expressed in the spindle cells of the interstitium in this patient, while both were expressed in the ductal epithelium, with the PR being considerably more highly expressed than the ER. In addition, patients have transient prolactin increases during onset, and whether there is a correlation between them needs to be further confirmed. The pathogenesis of this disease remains to be studied.

Breast PASH needs to be differentiated from low-grade hemangiosarcoma, phyllodes tumor, metaplastic carcinoma with spindle cell differentiation, and hamartoma. Primary hemangiosarcoma of the breast is relatively rare. The tumor is invasive and often has unclear boundaries with surrounding tissues. The histological manifestations are anastomotic branched blood vessels lined with atypical endothelial cells, which express factor VIII, CD31, CD34 and other markers (18). Phyllodes tumors of the breast are biphasic tumors with hyperplasia of the stroma and epithelium of the breast. Hyperplasia of the stroma stimulates the disordered growth of glands, resulting in irregular branching of ducts and distorted lobules and disordered distribution of stroma and glands, forming a blade-like structure, which can be focally combined with PASH. The foliar structure is lined with the ductal epithelium of the breast. The duodenal epithelium expresses glandular epithelial markers (19). Metaplastic carcinoma accompanied by spindle cell differentiation refers to infiltrating adenocarcinoma rich in spindle cells. Spindle cells are heteromorphic and can be nests, sheets or braided, and the cells exhibit certain heteromorphism accompanied by varying amounts of nuclear division; interstitial cells may exhibit varying degrees of collagenization and express the epithelial-labeled spindle cells AE1/AE3, CK7, CK8/18, etc. Breast hamartomas contain varying amounts of fat, fibrous tissue and smooth muscle tissue, and disorganized ducts and lobules can also be observed, possibly accompanied by PASH. The clinical manifestations and imaging findings of PASH in pregnancy overlap with those of granulomatous lobular mastitis (GLM) in the mass stage, which is easily misdiagnosed as GLM and needs to be confirmed by pathological examination.

There are currently no standards for the treatment of PASH. Different treatment options are often selected according to different clinical manifestations. For local lesions, clinicians often choose observation, follow-up, and regular monitoring. Among the principles for the management of benign breast diseases announced at the 19th Annual Meeting of the American College of Breast Surgeons in 2018, the first is that the breast PASH region of asymptomatic patients is removed by irregular surgery (20). Those with nodular lesions > 2 cm need complete resection, and for those with small volumes, follow-up is recommended (12, 21, 22). When nodular PASH presents as macromastia, which affects its appearance, or when the tumor increases rapidly in a short period and it is difficult to determine whether it is benign or malignant, surgical resection is often the first choice of treatment. Ryu et al. (23) reported that patients with galactoma could be treated with breast reduction surgery, and total resection was generally not considered. The patient only underwent local resection of the breast mass at the first visit, and the patient relapsed twice within 11 months after local resection; finally, she underwent total glandular resection of both breasts. The patient recovered well after surgery, and no recurrence was observed at the 4-month follow-up. The recurrence rate of PASH after resection can reach 28.5%, and follow-up is still needed after resection (24). Regarding the timing of surgery for PASH during pregnancy, Jennifer Wang et al. suggested that the best time for surgical intervention is in the early second trimester, after fetal organogenesis has been completed, when the uterine floor is located below the sacral point. It is likely that pregnant women who undergo mastectomy due to PASH-induced mastectomy in the second trimester will recover quickly from an obstetrical point of view, and the risk to the fetus is low. We believe that surgical total mastectomy to prevent the recurrence of PASH-related giant mastectomy is a better treatment. Several researchers have reported a possible role for antihormone therapy in the treatment of breast PASH, but there are insufficient data to demonstrate the effectiveness of such medical management (10, 25, 26).

The prognosis of PASH is good, and no cases of Pash-related death have been reported (3, 16, 26). Drinka et al. (27) confirmed that PASH can accompany invasive breast cancer, but there is no evidence that PASH can promote the occurrence or progression of breast cancer. Degnim (28) reviewed the biopsies of 9065 women who had benign mastectomy biopsies between 1967 and 1991 and estimated the relative risk of subsequent breast cancer with PASH using the standardized incidence ratio (SIR), finding that the presence of PASH did not imply an increased risk of subsequent breast cancer compared with the general population (27).
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Background

Hormone receptor-positive tumors are unlikely to exhibit a complete pathological tumor response. The association of CDK 4/6 inhibitor plus hormone therapy has changed this perspective.





Case presentation

In this study, we retrospectively reviewed the charts of patients with a diagnosis of luminal A/B advanced/metastatic tumors treated with a CDK 4/6 inhibitor-based therapy. In this part of the study, we present clinical and ultrasound evaluation. Eight female patients were considered eligible for the study aims. Three complete and five partial responses were reported, including a clinical tumor response of 50% or more in five out of nine assessed lesions (55%). All patients showed a response on ultrasound. The mean lesion size measured by ultrasound was 27.1 ± 15.02 mm (range, 6–47 mm) at the baseline; 16.08 ± 14.6 mm (range, 0–40 mm) after 4 months (T1); and 11.7 ± 12.9 mm (range, 0–30 mm) at the 6 months follow-up (T2). Two patients underwent surgery. The radiological complete response found confirmation in a pathological complete response, while the partial response matched a moderate residual disease.





Conclusion

The evaluation of breast cancer by ultrasound is basically informative of response and may be an easy and practical tool to monitor advanced tumors, especially in advanced/unfit patients who are reluctant to invasive exams.
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1 Introduction

Advanced breast cancer includes, according to the 5th ESO-ESMO international consensus guidelines for advanced breast cancer (ABC 5) (1), both inoperable locally advanced breast cancer (LABC) and metastatic breast cancer (MBC). LABC is often considered a candidate for therapies with the aim of tumor shrinkage before the surgery, decreasing the rate of mastectomy in favor of less demolition surgery, testing the in vivo drug sensitivity, and tailoring treatment according to the pathological response obtained.

The indication for neoadjuvant chemotherapy in hormone receptor-positive (HR+)/HER2-negative tumors is not straightforward (2). While recent trials reach 60% of pathological response rate (pCR) in HER2-positive and triple-negative tumors and are rapidly changing therapeutic algorithms (3, 4), standard chemotherapy produces an inadequate pCR (0%–18%) (1) and breast-conserving surgery (5) approximately 60% in advanced HR+ tumors with a low Ki-67 proliferation rate. A large study starting from 134,574 HR+ breast cancer patients extracted data on 29,250 patients undergoing neoadjuvant chemotherapy and reported approximately 8% of pCR (6). As in the HER-2 and TN tumors, pCR correlates with improved survival (7).

In 2013, the St. Gallen International Expert Consensus defined luminal A and luminal B tumors as ER-positive, HER2-negative tumors having respectively Ki-67 low and PR high, or Ki-67 high or PR (8). Almost uniformly, a Ki-67 <14% is associated with a luminal A profile, while above 14% corresponds to a luminal B tumor (9). Given the fluctuating Ki-67 value across the different studies, the definition of luminal A- or B-like is often adopted. The St. Gallen International Consensus Guidelines for the treatment of early breast cancer 2021 (10), acknowledging the conclusions from another working group (9), identified the groups of tumors with Ki-67 <5% and with Ki-67 >30% and recommended chemotherapy only in the latter group. The definition of the best treatment for the in-between band remains a controversial matter. Molecular characterization of the different histological subtypes has increasingly contributed to defining precision oncology-guided therapeutic algorithms (10). Some features such as luminal B subtype, high proliferation, and lack of progesterone receptor (2) may be predictive of increased pCR rates; however, information on efficacy outcomes is scarce, while surrogate endpoints such as Ki67 reduction are often adopted in clinical trials (11).

Alternative strategies have been explored including, very recently, the combination of chemo- and immunotherapy, which lead to an increased rate of pCR in luminal-B like BC defined as HR-positive/HER2-negative, Ki-67 ≥ 20%, and/or histological grade 3 (12). In other instances, a genomic-based approach was used to differentiate high- to low-risk luminal A BC patients and address the first to neoadjuvant chemotherapy and the others to endocrine therapy (13).

The interest in endocrine preoperative strategies for HR+ positive tumors has been progressively growing. Different CDKs have been investigated in BC. They have a prognostic role and are a pharmacological target for therapeutic intervention (14).

Seven studies have investigated CDK4/6 inhibitors in neoadjuvant HR+ positive, HER-2 negative BC (Supplementary Table S1). Most of the studies previously reported focused on the antiproliferative effect detected in vivo and showed moderate clinical activity. The need for periodical biopsies to assess tumor changes for study purposes has raised some ethical issues.

To date, many studies focus on pCR as a primary objective, which is quite disappointing (15), while there is a relative lack of information coming from radiological tools used during follow-up, which could be preliminary informative and maybe predictive of treatment response. The imaging of the breast is essential in the diagnosis, staging, and monitoring of breast cancer. In clinical practice, the response is mostly evaluated by ultrasound (US) or magnetic resonance imaging (MRI), the second one showing high sensitivity in the detection of a residual tumor. Additionally, 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) provides functional information at baseline and after treatment and was shown to correlate with pCR (16, 17). Compared to MRI, US can be considered easier to perform, does not require the injection of exogenous contrast agents, and is less expensive. It is classically considered operator dependent, which is a limit that may be overcome by the selection of a unique and skilled operator. US is accurate in size evaluation, but less comprehensive than mammography in providing an overall view. This technique can simply be used to monitor treatment response. However, the US is not used for RECIST due to operator dependency.

We argue that an integrative approach including clinical and radiological information should best define the therapeutic algorithms of HR+, HER-negative breast cancer patients undergoing medical treatments. Therefore, we evaluate a series of advanced/metastatic HR+ patients treated with CDK 4/6 I+AI in a real-world setting, making the radiological assessment the cornerstone in comparison with clinical outcomes and pathological findings.




2 Case description

We retrospectively evaluated our archive of advanced and metastatic pre-and post-menopausal breast cancer patients with a pathologically confirmed ER+ and HER2− (0 or 1+ by IHC or FISH negative) invasive breast cancer treated with a combination of CDK 4/6 I+AI as per clinical practice. In detail, CDK 4/6 inhibitors used in this study were palbociclib and ribociclib. Palbociclib was used at a dose of 125 mg taken by mouth with food on 21 days and 7 days off schedule (on days 1–21 of each 28-day cycle). Ribociclib was administered at 600 mg/day: 3 weeks ON and 1 week OFF. Letrozole was the first-line endocrine treatment for all patients. Letrozole was administered every day of each 28-day cycle at a dose of 2.5 mg. Goserelin was administered to pre-menopausal subjects as a subcutaneous injection every 28 days at a dose of 3.6 mg.

No limit was formally defined for Ki-67. At baseline, an advanced stage was required related to the tumor (≥ T3 or surgically unresectable) or lymph nodes (≥ N2, upper arm edema due to breast and lymphnodes involvement). Metastatic patients at presentation with evaluable primary tumors were also considered eligible. Additional eligibility criteria included Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) 0–2, adequate organ, and marrow function. Exclusion criteria included previous treatment with CDK4/6 inhibitors, organ failure, and treatment intolerance.

The study was approved by our Institutional Review Board (Campania Centro Ethical Committee approval n.391, N.Reg 22/2022) and followed the Declaration of Helsinki and Good Clinical Practice guidelines. Written informed consent was required before study entry.

The primary study aim was the evaluation of clinical and US tumor response.

Tumor and lymph nodes were clinically evaluated after 1 month of treatment and thereafter every 2 months/3 months with clinical and US examination. RX mammography, breast MRI, and PET/CT with FDG were performed after 4 months/6 months and in case of suspected progression. Computed tomography was performed as a staging procedure at study entry, after 4 months/6 months, and as clinically required.

Clinical response rate (cRR) was evaluated clinically using bi-dimensional clinical measurements and radiologically using the US before the start of treatment and every 4 months subsequently.

A single lesion, even in the case of multifocal, was chosen and evaluated at time 0, at time 1 (T1) after 4 months/6 months of therapy, and at time 2 (T2) after 8 months/12 months. B-mode US was performed in a supine and lateral position, with both upper limbs facing upwards. To study the breast lesion, a conventional B-mode US and Color-Doppler US were performed with a 4–14-MHz linear array transducer. In compliance with the 5th edition of the BI-RADS classification (18), the imaging characteristics have been recorded on a spreadsheet Excel database: size, position, shape, orientation to the skin, margins, echogenicity pattern, posterior characteristics, and vascularization. The secondary aims were the rate of response by MRI and PET, the rate of conservative surgery, the pCR obtained, changes in Ki-67, and immunohistochemistry from baseline in response to therapy and safety. The pathology exam of the resected specimen at the time of surgery was evaluated and assessed by a well-qualified pathologist. pCR was defined as the absence of invasive disease in the breast and sampled axillary lymph nodes (ypT0 ypN0). Residual tumor was defined according to the Residual Cancer Burden Index (19).

Clinically responder patients remained on treatment until disease progression if metastatic and without a fixed end-of-treatment point in case of locally advanced disease. A complete metabolic response was considered mandatory for surgical referral. If a surgical intervention was considered appropriate by the Multidisciplinary Teams, CDK 4/6 inhibitor was stopped at least 2 weeks before surgery, whereas letrozole was continued till the day of surgery.

The patients were regularly monitored with complete blood count and blood chemistry. All toxicities encountered during the study were evaluated according to the National Cancer Institute-Common Terminology Criteria for Adverse Events, v3.0. Dosage reductions were performed according to the manufacturer’s datasheet.

From a screening of 24 patients treated with CDK 4/6 I+IA, we selected eight patients with in situ primary breast tumors and advanced or metastatic disease having complete clinical and radiological records. All but two patients were postmenopausal (age range, 48–84 years; mean, 64 years). Two patients had a bilateral BC, three patients had advanced BC, and five had metastatic BC at study entry. The comprehensive characteristics of the patients are reported in Table 1.

Table 1 | Patients’ characteristics.


[image: A table presenting data on eight patients, detailing advanced/metastatic disease, carcinoma type, luminal classification, stage, ultrasound response, surgery status, and residual cancer burden (RCB). Values are coded with letters and numbers, including abbreviations like M for metastatic, D for ductal, and A for advanced. Stages range from II to IV, with responses including complete (CR) and partial (PR), and surgery indicated by Y for yes and N for no. RCB values include numbers and dashes. A footnote explains abbreviations.]
Two patients underwent surgery. The surgical intervention was in both cases radical mastectomy with axillary lymph node dissection.

The median number of CDK4/6 I + AI cycles before surgery was 8 (range, 6–10). The interval between the start-up of treatment and surgical procedure was 1 year and 6 months, respectively.

Before the treatment, the patients had clinically and radiologically large tumors [four out of 10 tumors were staged T2 (40%), three tumors were T3 (30%), and three were T4 (30%)]. All patients but two had clinical/radiological suspected nodal metastases.

Nine lesions having complete data were evaluated. Mean lesion size was 27.1 ± 15.02 mm [range, 6–47 mm) at the baseline; 16.08 ± 14.6 mm (range, 0–40 mm) after 4 months (T1), and 11.7 ± 12.9 mm (range, 0–30 mm) at 6 months follow-up (T2). In Table 2, the lesions’ size for each patient is listed. Imaging features were noted according to the Breast Imaging Report and Data System (BI-RADS) lexicon. Imaging features were noted according to the Breast Imaging Report and Data System (BI-RADS) lexicon as reported in Table 3. From baseline to T1, two out of seven (28%) lesions changed their shape from irregular to oval. None of the lesions changed their orientation with reference to the skin or margins. The only lesion described as complex at T1 had a combined posterior pattern at baseline. Furthermore, compared to the baseline, two lesions showed a better-defined duct infiltration after the first cycle of treatment. All lesions at T1 demonstrated absent vascularization. At T2, four lesions completely disappeared. Of the five visible lesions in the US, only 2/5 (40%) kept an irregular shape. Furthermore, all the lesions visible were hypoechoic with associated posterior shadowing. Five out of nine assessed lesions (55%) showed a clinical tumor response of 50% or more, including 4/5 (80%) complete responses and 1/5 (20%) partial responses. Changes in tumor sizes and shapes can be seen in Figure 1. Analysis of the area of cancer on bi-dimensional measurement before and after treatment showed that the mean values were 27.1 ± 15.02 mm at baseline, 16.08 ± 14.6 mm at T1, and 11.7 ± 12.9 mm at T2, respectively. All patients (100%%) showed a response in the US. In four cases, the lesion size halved as compared with basal.

Table 2 | Lesion distribution and T0, T1, and T2 size by patient.


[image: Table displaying data for nine patients, showing the number of lesions and their sizes in millimeters over three time points (T0, T1, T2). Sizes are recorded as follows: Patient 1 has 1 lesion with sizes 18 at T0, 10 at T1, and 10 at T2. Patient 2 has 2 lesions with sizes 11.5, 0, and 0. Patient 3 has 3 lesions with sizes 44, 40, and 30. Patient 4 has 4 lesions with sizes 14, 10, and 0. Patient 5 has 5 lesions with sizes 36.5, 30.5, and 23. Patient 6 has 6 lesions with sizes 47, 33, and 30. Patient 7 has 7 lesions with sizes 31, 11, and 14. Patient 8 has 8 lesions with sizes 36, 10, and 0. Patient 9 has no lesions.]
Table 3 | BI-RADS descriptors at T0, T1, and T2 evaluation.


[image: Table listing BI-RADS descriptors across three time points: T0, T1, and T2. Categories include shape, orientation, margins, echo pattern, posterior features, associated features, vascularization, and no lesion. Each category is detailed with descriptions and corresponding percentages for each time point. Notable entries include "Not-circumscribed" margins consistently at 100% across all times, and "Shadowing" reaching 100% at T2.]
[image: Three ultrasound images labeled A, B, and C. Image A shows a lesion with yellow cross markers and red and blue Doppler signals. Image B depicts another view with cross markers but no Doppler signals. Image C presents a more obscure or less defined area with no additional markers.]
Figure 1 | Case patient no. 4. (A) Color-Doppler US demonstrates a hypoechoic mass with an irregular shape and not-circumscribed margin, vertical orientation posterior, and internal vascularization at baseline. (B) At T1, the lesion changed the size (14 mm to 11 mm), and the vascularization at Color Doppler is now absent. The echo pattern remained hypoechoic. At T2 (C), the lesion is not visible anymore.

The two patients that underwent surgery were selected because of a metabolic complete response by PET/CT. In detail, one of them had a complete radiological response, the other reported a partial response. The radiological complete response found confirmation in a pCR, while the partial response matched an RCB-II (moderate residual disease). In this latter case, Ki-67 lowered from 40% to 6%.

Treatment with the CDK 4/6 inhibitors was generally well tolerated. In detail, only two patients aged more than 65 required a lower dose, and only one patient aged 84 years needed both dose reduction and prolonged drug rest to allow hematological recovery.




3 Discussion and conclusion

Approximately 80% of patients with breast cancer are diagnosed at an age >50, and luminal A BC is most diagnosed in over 70 years population (20). This epidemiological landscape requires customized management in real-world practice that regards the frequent old age of our patients’ population and acceptance of treatment/diagnostic procedures.

HR+ breast cancer larger than 2 cm, with involved lymph nodes and high Ki-67 index, have been considered candidates for preoperative treatments. Assessment of breast cancer treatment response is challenging, with the potential of underestimation or overestimation of residual cancer for the available different imaging techniques. Both morphological and functional imaging methods can be used to assess the response to treatments. Morphological techniques, such as full-field digital mammography (FFDM), digital breast tomosynthesis (DBT), and the US, and advanced techniques, such as breast MRI, contrast-enhanced spectral mammography (CESM), 18F-FDG PET/CT, and MRI, are nowadays pivotal in breast cancer. The selection of the imaging methods depends on the availability and should always be established in the multidisciplinary tumor board (21–25).

Ultrasound may be useful to predict the molecular subtype before pathological diagnosis (26) as reported by Zhu et al., having evaluated ultrasound features concerning more than 80 patients. This report emphasizes the value of the US in breast cancer that should not be neglected within the array of more complex radiological techniques.

In our series, the number of each histotype (Table 1) limited an extensive description of US reports correlated to histology.

US is superior to FFDM, DBT, and clinical breast examination in monitoring the response to NAC and is overall well tolerated by the patients. Sonographic evaluation of the residual tumor includes not only the size but also changes in tumor echogenicity and a decreased mass stiffness, and both could be considered good predictors of a pCR (27, 28). US is not used for RECIST due to operator dependency. However, US is easily accepted by patients and may be routinary and repeatedly performed. Moreover, the percentage of US diameter reduction after three cycles of treatment showed acceptable sensitivity and specificity response in a study on 64 patients (27).

In our cases, US demonstrated how the lesions changed not only in size but also in echogenicity and, by using the BI-RADS lexicon, the associated features described at the baseline. The most salient changes were the absence of vascularization after the first cycle of treatment and the changes in echogenicity after the second cycle of treatment.

Several factors may influence US breast evaluation. Body fat-driven obesity and breast fat density and their changes according to menopausal status are known factors influencing radiological assessment (29).

Efforts have been devoted to unraveling the impact of body mass index (BMI) on the therapeutic response among breast cancer patients, yet controversy persists. A recent meta-analysis disclosed that overweight/obese patients exhibited a lower pCR rate compared to under/normal weight counterparts (30).

In detail, also the assessment of the axilla may change with varying patient BMI, thus possibly conditioning the selection of a given radiological technique (31).

Defining a precise sensitivity for ultrasound alone proves challenging, with variations strongly dependent on lesion size, breast tissue type, and, as with all methods, patient selection.

While breast density stands as an independent risk factor for breast cancer, the widely acknowledged association between overweight/obesity and breast cancer development, particularly impacting the prognosis of HR-positive postmenopausal breast cancer, prompts further exploration. Various studies suggest that factors such as the chronic inflammatory state, circulating adipokines, insulin, insulin-like growth factor (IGF), and sex hormones may play pivotal roles in mediating the link between overweight/obesity and breast cancer (32).

The histological BC subtypes notoriously correlate with a different response to medical treatment. A different sensitivity in detecting pCR after NAC was found to be related to parameters such as estrogen receptor expression, on the one hand and HER-2 overexpression, luminal B, or Ki-67 proliferation >14%, on the other hand, respectively favoring MRI and PET-CT (33). Therefore, the need for radiological studies set by subtypes is progressively acknowledged (34).

While luminal A tumors are poorly chemoresponsive and better candidates for the association of CDK4/6 and aromatase inhibitors (CDK 4/6 I+AI), luminal B tumors represent an area of investigation. The NCT04137640 (35) is investigating the efficacy of the CDK 4/6 inhibitor palbociclib plus letrozole in comparison to chemotherapy in locally advanced breast cancer with ≤30% Ki-67 with group allocation according to Ki-67. The PREDIX LumB (NCT02603679) (35) is a phase II study that enrolled luminal B tumors and compares two sequences of treatments: weekly paclitaxel versus the combination of the CDK 4/6 inhibitor palbociclib and standard endocrine treatment for an initial phase of 12 weeks with following cross-over for further 12 weeks of treatment (neoadjuvant phase: 24 weeks) and adjuvant chemotherapy for both groups.

RIBOLARIS (NCT05296746) (35) used ribociclib as neoadjuvant treatment for clinically high-risk ER+ and HER2− breast cancer with a choice of CDK 4/6 inhibitor prosecution or alternately treatment with chemotherapy in the adjuvant phase according to the pathological and biological response assessed by Prosigna.

CDK 4/6 I+AI combination shows distinctive features as compared to other therapies. First, from a biological point of view, the inhibition of growth arrest may be reversible. CDK4/6 inhibition induces cytostatic effect in cell cultures and solid tumor models with potential regression associated with the intrinsic tumor cell turnover (36). Variably, according to the studied models, growth arrest may be irreversible or not (36). This aspect translates into Ki-67 changes during and at treatment, stopping with a rapid rise while off-therapy. From a clinical point of view, further consequences are hypothetical prolonged treatments to achieve the best response and redefinition of the best time for surgical intervention, which, in clinical studies, canonically falls 16–20 weeks after the start of treatment. This window may be functional for chemo- but not for CDK 4/6 inhibitor-based treatment. In line with this concept, NEOLETRIB trial (NCT05163106) (35), RIBOLARIS, and FELINE pre-specified a study treatment of 24 weeks or at least 6 months.

Ki-67 determination at 2–4 weeks of treatment has been considered the most accurate surrogate endpoint in neoadjuvant endocrine treatments. However, the recognized limits are represented by heterogeneous Ki-67 within the tumor, which required more than one biopsy to best collect comprehensive information and the invasive nature of repeated biopsies (37). From a biological approach, we then moved to a radiological-centered approach. This pattern has been typically described by MRI but is also detected by US and results to be predictive of worse outcomes compared to concentric shrinkage (38).

Similar to MRI, US is a technique that does not expose the woman to radiation and its related risks. However, opposite to MRI, there are no contraindications to the breast US. Furthermore, breast US is a valid tool that is widely available, and it is not prone to time slots and shortage of equipment as much as MRI. Furthermore, breast US is cheap, its cost being comparable to that of mammography and much lower than that of breast MRI REF. In Italy, the cost of a single breast MRI (250€) is up to seven times higher than that of one breast US (35.89 €). Yet, these ways are less expensive compared to the costs of a breast MRI in the US (>500 $).

Therefore, the US preserves its role as an easy and practical tool to monitor local response to medical treatments, especially in unfit and elderly patients, reserving a delayed time for more demanding and expansive exams. Further prospective studies including a larger number of patients should define the value of each tool and best guide diagnostic guidelines drafting in NAC. At present, we highlight the role of a basic breast US in the follow-up of advanced/metastatic BC with in situ tumors. In a time of limited economic resources, the appropriate use of each radiological technique should be encouraged.
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Background

Phyllodes tumors (PTs), which account for less than 1% of mammary gland tumors, composed of both epithelial and stromal components. If a malignant heterologous component is encountered, PT is considered malignant. Malignant phyllodes tumors (MPTs) only account for 8% to 20% of PTs. We report a case of MPT with osteosarcoma and chondrosarcoma differentiation and review the literature to discuss the differential diagnosis and therapy.





Case presentation

A 59-year-old Chinese woman come to our hospital because of a palpable mass she had had for 1 months in the left breast. Preoperative core needle biopsy (CNB) was performed on the left breast mass on January 11, 2023. Pathological diagnosis was malignant tumor, the specific type was not clear. Mastectomy and sentinel lymph node biopsy of the left breast was performed. No metastasis was found in 3 sentinel lymph nodes identified by carbon nanoparticles and methylene blue double staining. Heterologous osteosarcoma and chondrosarcomatous differentiation of phyllodes tumor were observed. Immunohistochemistry: spindle tumor cells ER(-), PR(-), HER-2(-), CK-pan(-), CK7(-), CK8(-), SOX10(-), S100(-), and MDM2(-), CK5/6(-), P63(-), P40(-) were all negative. CD34:(+), SATB2(+), P53(90% strong), CD68 (+), Ki-67(LI: about 60%). No ductal carcinoma in situ was found in the breast. Fluorescence in situ hybridization (FISH) indicated USP6 was negatively expressed on formalin-fixed, paraffin-embedded (FFPE) tissue sections.





Conclusion

MPTs are rare, and heterologous differentiation in MPTs is exceedingly rare. It could be diagnosed by pathology when metaplastic carcinoma, primary osteosarcoma, or myositis ossificans were excluded. This case could help clinicians to improve the prognosis and treatment of this disease.
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1 Introduction

Phyllodes tumors (PTs), which account for less than 1% of mammary gland tumors, composed of both epithelial and stromal components (1). Malignant phyllodes tumors (MPTs) only account for 8% to 20% of PTs (2). The World Health Organization has subcategorized PTs into benign, borderline, and malignant categories on the basis of 5 histological parameters: stromal cellularity, stromal atypia, tumor margins, mitotic activity, and stromal overgrowth (3). MPTs are characterized by marked stromal cellularity, stromal growth, nuclear atypia, increased mitotic activity (≥10 per 10 high power fields), and infiltrative tumor margins (4). Moreover, the presence of heterologous sarcomatous elements such as osteosarcoma, chondrosarcoma, or liposarcoma within the tumor were frequently observed (5). Due to the limitation of rare incidence, it is difficult to proceed randomized trials and prospective cohort studies for MPTs with heterologous sarcomatous elements (6).

This study describes a case/patient with osteosarcomatous and chondrosarcomatous heterologous elements within a MPT based on detailed imaging and histopathologic records, and we review the literature to describe the characteristics and therapy of MPT with osteosarcoma and chondrosarcomatous differentiation.




2 Clinical data

Patient, ×××, female, 59 years old, due to “presented with a mass in the left breast for more than 1 month”. On January 7, 2023, she was admitted to the breast surgery Department of Taihe Hospital, Hubei University of Medicine. In the past 1 month, she felt a mass in the left breast, and the nipple was not bleeding or leaking. The patient had a history of hypertension for 30 years and cerebral hemorrhage for more than 1 year. In 2013, she underwent “left breast mass resection” in our hospital, and the pathological report was cystic hyperplasia (left breast). Clinical physical examination: a hard mass of about 3.0×2.0cm in size could be detected at 4cm from the nipple in the upper outer quadrant of the left breast, with no obvious tenderness, non-smooth surface, unclear boundary, and limited motion. No obvious abnormalities in the contralateral breast were found. There is no obvious mass in the bilateral axilla. The color ultrasound of the breast showed that there was a low-echo mass located at the edge of the mammary gland at 2 points in the left upper quadrant, with a size of 23×25×19mm, the boundary was not clear, and the shape was irregular, and no strong punctate echo was observed (Figure 1A). The combination of contrax-enhanced ultrasound suggested hypoechoic mass in the left breast, uneven enhancement in the arterial phase, unsmooth boundary, slow regression in the venous phase, and obvious enlargement in the lesion area identified as BI-RADS Category V. Reactive hyperplasia of bilateral axillary lymph nodes.

[image: A displays a dual ultrasound image depicting tissue abnormalities. B shows a tissue sample with a label containing handwritten notes, including dates. C to F are histology slides illustrating various tissue structures. C shows swirling patterns, D shows cellular density variations, E depicts dense cellular clusters, and F highlights irregular cell distributions.]
Figure 1 | (A) Breast US images revealed a hypoechoic irregular mass in the breast left upper quadrant, with a size of about 23×25×19mm, the boundary was not uneven and no strong punctate echo was observed. The combination of contrax-enhanced ultrasound suggested the mass uneven enhancement in the arterial phase, unsmooth boundary, slow regression in the venous phase, and obvious enlargement in the lesion area. (B) The whole excised tissue of the left breast. (C) The resected specimen showed leaf-like (phyllodes) epithelial pattern (HE×100). (D) Stromal overgrowth, tumor giant cells and many abnormal mitosis are noted (HE×100). (E) The stroma showed a tumor osteoid rimmed by tumor cells along with osteoclastic giant cells, osteosarcoma differentiation (HE×100). (F) The section showed tumor cells with chondrosarcomatous differentiation, the chondrocyte density is different, the cell atypia is obvious, the nuclear mitosis and cartilage islands can be observed (HE×100).

Preoperative core needle biopsy (CNB) was performed on the left breast mass on January 11, 2023. Pathological diagnosis was malignant tumor, the specific type was not clear, and further diagnosis was to be made after surgery. The patient given up breast conserve surgery. Mastectomy and sentinel lymph node biopsy of the left breast was performed. No metastasis was found in 3 sentinel lymph nodes identified by carbon nanoparticles and methylene blue double staining. Pathological examination results: the size of the left breast was 23×18×3.0cm, and the fusiform skin was attached, the size of which was 19.5×7.0cm (Figure 1B). The size of the tumor was 3.0cm×2.5cm×2.2cm. The section was grayish-white and slightly hard in nature, and the boundary was poorly defined or poorly circumscribed. The tumor was 2.2cm away from the skin and 0.5cm away from the deep margin. TNM stage given was pT2N0M0.

The tumor is composed of two components: (1) The normal breast lobular structure is disordered or disappeared. The tumor has a lobulated mass (Figure 1C), which is composed of epithelial and stromal components. The epithelial cells are columnar or cuboidal without obviously atypia. Stromal cells are fusiform, the cytological atypia was obvious (Figure 1D), with 10 mitotic images/10HPF. And the epithelioid stromal cells are interspersed with short fusiform plump cells and mononuclear/multinucleoma giant cells. Local stromal cells form pseudoadenoid or clumps or nests. Mesenchymal myxoid changes in some areas of the tumor, the mesenchymal cells are sparse, epithelioid or spindle, and scattered tumor giant cells are also seen. About 1/5 of the tumor interstitial tissues showed fibrosis or hyalinoid degeneration. (2) Heterogenic components of tumor mesenchyma were observed: cartilage and bone tissue. The cartilage tissue presented cartilaginous islands of different sizes. The stroma showed a tumor osteoid rimmed by tumor cells along with osteoclastic giant cells, osteosarcoma differentiation. Tumor cells surrounded trabeculae, and the cell atypia was significant, showing mitotic images (Figure 1E). Chondrocytes of different density were observed with obvious cell atypia, and mitotic images (Figure 1F). ③ Immunohistochemistry: Spindle tumor cells ER(-), PR(-), HER-2(-), CK-pan(-), CK7(-), CK8(-), SOX10(-), S100(-), and MDM2(-), CK5/6(-), P63(-), P40(-) were all negative. CD34:(+), SATB2(+), P53(90% strong), CD68 (+), Ki-67(LI: about 60%) (Figure 2). ④ No ductal carcinoma in situ was found in the breast, and no metastasis were found in axillary lymph nodes. Pathological consultation advice of Union Hospital Affiliated to Tongji Medical College of Huazhong University of Science and Technology: Malignant (breast) phyllodes tumor with osteosarcoma and chondrosarcoma differentiation was considered.

[image: Panels A to F display immunohistochemical staining of various markers in tissue sections. Panel A shows CD34 with widespread positive staining. Panel B illustrates Ki67 with numerous positive nuclei indicating proliferation. Panel C depicts P53 with scattered nuclear staining. Panel D shows MDM2 with minimal positive staining. Panel E illustrates SATB-2 with intense nuclear staining. Panel F shows CD68 with prominent positive staining, suggesting macrophage presence.]
Figure 2 | (A) Positive staining with CD34 in atypical stromal cells (x100). (B) The positive staining with Ki-67 in atypical stromal cells is about 60% (x100). (C) The positive staining with p53 in atypical stromal cells is about 90% (x100). (D) MDM2 is negative expressed in stromal cells (x100). (E) SATB2 is positively stained in atypical stromal cells (x100). (F) CD68 is expressed in osteoclastic giant cells (x100).



2.1 Fluorescence in situ hybridization

Two-color separation probe kit was purchased from Lbp Medicine Science & Technology (Guangzhou, China) which was adopted to detect USP6 on formalin-fixed, paraffin-embedded (FFPE) tissue sections. The probe is located on chromosome 17p13.2, the proximal (proximal centromere) probe marks red fluorescence, and the distal (proximal telomere) probe marks green fluorescence. Fluorescence in situ hybridization (FISH) testing procedure was in strict accordance with the standardized steps: The 3-5μm thick tissue was sliced, incubated for 2 h at (65 ± 5)°C, dewaxed and hydrated, deionized boiled at (100 ± 5)°C for 20 min, digested by pepsin for 15 min, dripped with a probe, denatured at 85°C for 5 min, and hybridized at 37°C for 10-18 h. Nuclear restaining of 4 ‘, 6⁃diamidino⁃2 ‘phenylindole (DAPI) under fluorescence microscope.

Results Interpretation: The FISH results were interpreted independently by two experienced pathologists: 200 neoplastic cells in a blind fashion using an Olympus BX53 fluorescence microscope (Japan) were counted, the distance between red signal and green signal was > 2 signal points as positive cells, and the proportion of positive cells was > 10% as positive for separation and rearrangement (7). FISH showed USP6 positively rate was 2% which indicated negative expression on sections (Figure 3).

[image: Fluorescent microscopy image showing numerous brightly glowing blue cells against a dark background. The cells vary in shape and size, with some containing small, bright spots of green and red fluorescence.]
Figure 3 | FISH showed USP6 positively rate was 2% which indicated negative expression on sections (x1000).

After radical resection of the left breast, anthracycline and ifosfamide chemotharapy were adopted for four cycles, and the patient still survived without any recurrence after eight months of follow up.





3 Discussion

MPTs are identified when the tumor exhibits marked stromal nuclear pleomorphism, stromal overgrowth, with infiltrating borders, markedly increased stromal cellularity, stromal overgrowth with severe nuclear atypia (8). Higher malignancy grade, presence of heterologous elements, younger age, larger tumor size, and recent rapid tumor growth are poor prognostic factors for MPTs of the breast (9). Heterologous differentiation in MPTs is exceedingly rare, but there are MPTs with chondrosacomatous or osteosarcomatous differentiation reported (10). MPTs with the histological osteosarcomatous subtype increase mortality by 33% (11). MPTs accompanied by osteosarcoma only accounts for 1.3% of phyllodes tumors in the breast (12). According to Silver et al, MPTs with osteosarcomatous components are potentially more aggressive and could spread to the lung, bone, brain, contralateral breast. In our patient, we describe a MPT with osteosarcoma and chondrosarcomatous differentiation.

Stromal and epithelial cells of the breast tissues are the mainly components to develop malignancy. According to the different malignancy of both cells, it could been diagnosed as benign or malignant diseases (13). In the present case, most of the stromal cells were fibrosarcoma-like interlacing fascicles of spindle cells with stromal overgrowth. Multinucleated stromal giant cells have been rerorted in phyllodestumors. Focal areas of osteosarcoma and/or chondrosarcomatous differentiation were hemothera. MPT is also diagnosed when malignant heter-elements such as osteosarcoma, chondrosarcoma, and rhabdomyo-sarcoma are present even if the other features are absent. Chondrosarcomatous component even constituted over 80% of the tumor volume which is indeed rare (14).

In breast tumor, it is found that osteosarcoma or chondrosarcoma might occur in 3 different diseases: primary osteosarcoma of the breast as with a pure osteosarcoma or chondrosarcoma, as the stromal component of a histologically MPT, or as osteosarcomatous or chondrosarcomatous differentiation in a metaplastic carcinoma (15). Primary osteosarcoma of the breast is also a rare primary breast tumor which accounts for only 1% of breast tumors and < 5% of all osteosarcomas (16). The possibility of metastasis of osteosarcoma from other sites should be ruled out first, and it has the following two characteristics in histology: neoplastic osteogenesis or osteoid matrix; No epithelial component. The immunophenotype of primary osteosarcoma was strongly positive for vimentin, strongly positive for CD68 in osteoclastic multinucleated giant cells, and negative for ER, PR, Her-2 and epithelial markers (17). Some evidence suggests that MPTs with osteosarcomatous hemotherapy on are more aggressive, but compared with primary osteosarcomas in general, they have a much lower risk of metastasis (18).

Metaplastic carcinoma of the breast also have sarcoma like elements, including spindle cell sarcoma, chondrosarcoma, osteosarcoma, rhab-domyosarcoma, or a mixture of them (19). However, high molecular weight cytokeratin and p63 usually were positive in metaplastic carcinoma. These could be helpful in hemotherapyio these two tumors (20). It is also reported that p63 could also been diffusely and focally expressed in MPT (21). In this patient, we could also observe sporadic p63 expression, but lack of CK expression, these molecular markers help to eliminate metaplastic carcinoma or primary osteosarcoma. Special AT-rich sequence-binding protein 2 (SATB2) induces local chromatin loops to facilitate transcription. SATB2 immunostaining is commonly used as a marker for colorectal adenocarcinoma and osteosarcoma (22). In our patient, SATB2 expression was strong positive, which indicated osteosarcoma tissues. CD34 is also observed in MPT (23), this is in line with our case, that CD34 is positively expressed.

Another differential diagnosis of MPT is breast myositis ossificans. Myositis ossificans is defined as a self-limiting pseudotumor composed of reactive hypercellular fibrous tissue and bone. USP6 rearrangements have been identified as a consistent genetic driving event in aneurysmal bone cyst and nodular fasciitis (24). It is therefore an integral part of the diagnostic workup when dealing with (myo)fibroblastic lesions of soft tissue and bone. USP6 rearrangement provided evidence of a relationship with nodular fasciitis and aneurysmal bone cyst (25). In our patient, the USP-6 is negative and supplies another strong proof to eliminate the diagnosis of myositis ossificans.

Recent next generation sequencing analyses had revealed novel genetic alterations in PT but lacked a further hemotherapyion of their relationship to different PT features and outcome (26). Malignant progression is associated with heterocytogenetic abnormalities, including MYC amplification, p53 mutation, increases in chromosomes 1q, 5p, 7 and 8, and loss of 6q, 9p, 10p, 13q, 16q and 19 (27). MED12 mutations are associated with alterations in related genes in the Wnt, TGFB, and THRA pathways (28, 29). Lin et al. demonstrated that ALDH1 and/or GD2 markers could be used for cancer stem cell research in patients with MPT (30).

The epithelial-mesenchymal transition (EMT) increased with the progression of MPTs tumor grade. Nuclear expression of the EMT proteins TWIST and Foxc2 is associated with increased tumor grade and deterioration of histological features (31, 32). Additional mutations or copy number alterations in known cancer driver genes NF1, RB1, TP53, PIK3CA, ERBB4, and EGFR have been identified in borderline and malignant MPTs through next-generation sequencing (33, 34). These molecules provide an important biological basis for the occurrence and development of MPTs, and provide a theoretical basis for molecular diagnosis and therapeutic targets in clinical practice.

Metastatectomy has been correlated with increased overall survival (of 25.9 versus 9.9 months; P = .01) in MPT (35). The definitive treatment for phyllodes tumor is wide surgical excision with at least 1-2 cm of negative margins, or mastectomy, depending on the size of the tumor and the patient’s breast size (36). Histological size ≥45 mm and dense stromal cellularity were demonstrated as histological risk factors of local recurrence of PT (37). Radiotherapy has often been associated with palliation and pain control in metastatic, malignant neoplasia. Anthracycline containing chemotherapy regimens has been associated with improved overall survival (22.4 months versus 13.2 months; P = .040). Anthracycline and alkylating agent-based combination regimens were most frequently administered (38). In the present case, metastatectomy was performed, anthracycline and ifosfamide hemotherapy were adopted, and the patient still survived without any recurrence.

Our case report illustrates that breast osteosarcoma and chondrosarcoma differentiation originating from an MPT is remarkably difficult to diagnose and manage. The standard treatment comprises complete excision of the tumor with wide margins or total mastectomy. A multiple oncology gene mutations happen and promote the malignant progression. The adjuvant therapy is still controversial due to the lack of multi-center large patients records and suitable clinical trials. Further research must be conducted to elucidate accurate diagnosis and clarify the best treatment for these tumors.
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Breast cancer is the most common malignant tumor in women, posing a serious threat to women’s health. HER2 has been identified as a key oncogene and prognostic factor in breast cancer. Recent studies have reported inconsistencies in ER, PR, and/or HER2 expression between primary breast tumors and metastatic lesions. Rarely is it reported that all three biomarkers experience conversion. In this report, we present the case of a female patient with relapsed and metastatic breast cancer, whose histology transformed from initially triple-negative to Luminal-B type (HER2 positive) (i.e., ER, PR, and HER2 positive). She underwent systematic chemotherapy, targeted therapy, and cranial radiotherapy, which was followed by maintenance treatment with targeted and endocrine therapy. Currently, she has been in nearly complete remission (nCR) for more than 12 months. For recurrent and metastatic breast cancer, it is necessary to perform the second biopsy for metastases, which would contribute to precision treatment and prognosis improvement.
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Introduction

According to the latest National Cancer Report, breast cancer is the most common malignant tumor and the second leading cause of cancer mortality in Chinese females (1). The therapeutic strategies for newly-diagnosed breast cancer include surgery, chemotherapy, radiotherapy, targeted therapy, and endocrine therapy. The choice of treatment depends on the stage of TNM, pathology, molecular types, and physical conditions (2). For relapsed and metastatic breast cancer, the treatment strategy is primarily based on the original pathological and molecular types of the cancer (2). Recently, several retrospective studies have reported inconsistent biomarkers, i.e. estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2), between the primary lesions and metastases of breast cancer (3–6). The majority of the discordance occurred only one or two of ER, PR and HER2 status. It is rarely reported that all three biomarkers simultaneously changed between primary lesion and recurrent & metastases. In this report, we present a case of a female patient with stage IIIA breast cancer who experienced a transition from initial triple-negative to Luminal-B type (HER2 positive) after recurrence and metastasis. As a result, she received anti-HER2 therapy plus chemotherapy and achieved nearly complete remission (nCR).





Case report

On March 2, 2018, a 31-year-old woman complained of a palpable mass in the left breast for more than 2 months. The serum levels of CEA and CA153 were 22.5ng/ml and 46.8U/ml, respectively. Then she was diagnosed with left breast cancer and underwent a modified radical resection at Jiujiang University Affiliated Hospital. Postoperative pathology revealed invasive ductal carcinoma of the left breast, non-specific type, with left axillary lymph nodes metastasis (5/23). Immunohistochemical examinations showed ER (-), PR (-), HER2 (-), and Ki-67 (80% +), indicating triple-negative type breast cancer (Figure 1). Because the patient possessed a certain degree of medical knowledge, she required further examination of HER2 by fluorescence in situ hybridization (FISH). The negative status of HER2 was typically confirmed by FISH.

[image: Immunohistochemical and fluorescence in situ hybridization images showing tissue samples from breast cancer at newly diagnosed and relapse stages. The top row shows ER, PR, HER-2 markers, and a HER-2 FISH analysis at the diagnosis. The bottom row displays the same markers and analysis at relapse. The newly diagnosed samples show low staining, while relapse samples have increased staining, indicating changes in marker expression.]
Figure 1 | The changes of biomarkers between newly-diagnosed and relapsed biopsies. (A–D) Negative expression of ER, PR, and HER-2. (E–H) Positive expression of ER, PR, and HER-2.

The stage of TNM was pT2N2aM0, stage IIIA. Due to the high risk of relapse (≥4 axillary lymph node positive), the patient received adjuvant chemotherapy since April 4, 2018. Specifically, the combined regimen consisted of epriubicin and cyclophosphamide (EC) for 4 cycles with 1 cycle every 3 weeks. Then, she was treated with albumin-bound paclitaxel (T) for 4 cycles per 3 weeks cycle. On Oct. 10, adjuvant radiotherapy was administered to the chest wall and regional lymph node drainage field, with 25 daily doses (fractions) of 2.0 Gy to a total dose of 50Gy over 5 weeks. The patient was followed up regularly and examined every 3 months during the first 2 years after surgery, including tumor markers, breast ultrasound, chest and abdominal CT, and brain MRI examinations. Sine the third year after operation, she received regular evaluation every 6 months. The patient was in good condition and no signs of tumor recurrence were found.

In December 2022, the patient complained of right upper abdominal discomfort, loss of appetite and occasional nausea. The patient was examined at our Hospital on December 22, 2022. The CEA level was 32.86ng/ml. The CA153 level was greater than 342.5ng/ml. Abdominal CT indicated multiple metastatic tumors of the liver (Figure 2). On January 4, 2023, the brain magnetic resonance imaging (MRI) was performed. It found an abnormal signal in the right frontal nodule, suggesting metastasis. Cervical lymph node ultrasonography showed abnormal structural lymph nodes in the bilateral neck region II and left neck region V. The maximum diameter of lymph nodes was only 1.4 cm. Also, the physical examination showed no significantly palpable superficial lymph nodes. Thus, the patient received percutaneous color ultrasound-guided needle biopsy of liver biopsies on January 4, 2023. Pathological findings supported that the liver metastases were consistent with breast cancer. Immunohistochemistry results showed ER (70% +), PR (40% +), Ki-67 (40% +), as well as the positive expression of HER2 (2+). Furthermore, the positive status of HER2 was confirmed by FISH detection (Figure 1). Finally, the patient was diagnosed with Luminal B type (HER2 positive), i.e. ER, PR, and HER2 positive. The patient received stereotactic radiotherapy (SRT) with DT50Gy/10F for the solid brain metastasis on January 8, 2023. Concurrently, the patient received the combined treatment of docetaxel(D), trastuzumab (H), and pertuzumab(P) (D-HP) for 6 cycles, with each cycle lasting 3 weeks, starting from January 11, 2023. The clinical efficacy was evaluated based on the Response Evaluation Criteria for Solid Tumors (RECIST1.1), including complete response (CR) and partial remission (PR). CR indicates that all lesions disappear completely, and all pathological lymph nodes reduce to normal size (short diameter < 1cm), lasting for more than 1 month. PR means that the total maximum diameter of all measurable lesions reduces by over 30%, lasting for more than 1 month. Nearly CR (nCR) refers to that the majority of all measurable lesions disappear, but only a few tiny residual foci remain.

[image: CT scan images showing abdominal cross-sections over three dates: January 4, April 19, and July 3, 2022, in four rows labeled A to D. Red arrows indicate areas of interest in each scan, showing changes over time.]
Figure 2 | The CT changes of different metastatic lesions from liver (A–D).

After 3 cycles of treatment, the clinical efficacy showed partial remission (PR). After 6 cycles of treatments, the patient achieved complete remission (CR) of cervical metastatic lymph nodes and brain metastasis (Figure 3). For liver metastases, the clinical efficacy showed partial remission (PR). Since May 21, 2023, the patient began to receive maintenance therapy, which included trastuzumab, leuprorelin, letrozole, and Abemaciclib (an inhibitor of CDK4/6). Currently, the patient is receiving regular maintenance therapy without any clear discomfort. In December 2023, the latest efficacy was evaluated, and the hepatic metastatic lesions almost disappeared, indicating nCR (Figure 2). She has achieved progression-free survival (PFS) of over 12 months and the overall survival of 69 months up to now (Figure 4). The patient still undergoes close follow-up and receives regular examination every 6 months.

[image: A series of six brain MRI scans show changes over time from January 4, 2022, to July 3, 2022. Scans A and D, with red arrows, highlight an abnormality in the left hemisphere. Scans B, C, E, and G, taken in April and July, show the same area without the abnormality, indicating no visible lesion in later scans.]
Figure 3 | Magnetic resonance imaging (MRI) examinations of right frontal lobe metastasis (red arrow). (A, D) The presence of solid brain metastasis (diameter of 1 cm). (B, E) and (C, G) The disappearance of brain metastasis.

[image: Timeline illustrating a breast cancer treatment plan from 2018 to 2023. Key events include modified radical surgery in March 2018, brain SRT in January 2023, six cycles of D-LP chemotherapy in November 2023, and maintenance therapy in May 2023. Recurrence in April 2023 notes multiple metastases. Color-coded boxes indicate complete response (CR) for brain and cervical lymph nodes, and partial response (PR) for liver metastases.]
Figure 4 | Detailed time course of the patient's clinical course and therapeutic regimens.





Discussion

Previously, it was believed that breast cancer was a static disease in terms of pathology. However, in-depth molecular studies have found that breast cancer should be considered as a spatially and temporally dynamic disease, i.e. that the heterogeneities exist in different sites between primary tumors and metastases, and different phases between initial diagnosis and recurrence (7). The phenomenon of heterogeneity between primary and metastatic lesions has attracted increasing attention from clinicians in the field of breast cancer. Timmer M et al. compared the status of ER, PR, and HER2 in primary tumors with brain metastases in 24 patients with breast cancer. They found that 25-37.5% of patients exhibited discordant receptor status between the primary tumor and brain lesions (4). Nishimura R et al. reported the changes in ER, PR, Ki-67, and HER2 status between primary and recurrent lesions in 97 patients with breast cancer. Following relapse, ER and PR decreased while Ki-67 increased. Subtype changes occurred in 24.7% of the patients (5). Lin M et al. compared the changes in HER2 status between primary tumors and paired recurrent/metastatic lesions in 1299 patients with breast cancer. The incidence of discordance was 28.5% (370/1299), indicating the conversion of primary-to-metastatic HER2 status (3). The results indicated that the heterogeneity between primary and metastatic lesions is an important clinical issue that cannot be ignored.

The underlying mechanisms have been partly ascribed to clonal evolutions, which contribute to genetic heterogeneity during malignant progression. Sprouffske K et al. faithfully mimicked the clonal evolution of metastasis process in the patient-derived tumor xenografts (PDX) from breast cancer. During the process of clonal selection, some subclones remain stable, some expand, and others vanish over time. Furthermore, clonal evolution leads to genetic heterogeneity and different clinical outcomes (8). A prospective analysis of circulating tumor DNA (ctDNA) was performed by next-generation sequencing (NGS) in 37 patients with HR-positive, HER2-negative breast cancer who were classified as secondary resistance. The occurrences of new mutations were 0% (0/9) for the chemotherapy group, 42.1% (8/19) for the CDK4/6 inhibitors plus endocrine treatment (CE group), and 36.3% (4/11) for the chemotherapy followed by CE group (p=0.024). The results strongly indicated that chemotherapy or CDK4/6 inhibitors may influence the change of clonal evolution among breast cancer patients (9). Liquid biopsy by Kujala J et al. detected 56.2 ± 7.2% of somatic variants present both in the matched primary tumor and metastatic sites from breast cancer patients. Apparently, liquid biopsy may identify novel driver variants and therapeutic targets absent from the tumor tissue DNA (10). In the clinical setting, ctDNA may be an ideal surrogate for longitudinal monitoring of genetic heterogeneity from breast cancer patients who can’t obtain tissue specimen (7). Another potential explanation may be attributed to that a second local lesion (in situ or invasive) could have developed concomitantly with the primary DCIS or in the period between the primary tumor and recurrence, which could be a plausible explanation for the luminal metastases. Thus, it is necessary and important to follow-up the patients with breast cancer.

According to the studies, all the insistences occurred in only one or two of three receptors (ER, PR, and HER2 receptors) in breast cancer patients at the stages of initial diagnosis and recurrence & metastasis (3–5). However, the transition from triple-negative to ER, PR, and HER2 positive status was rarely observed. In our report, we present a case of a female patient newly diagnosed with triple-negative breast cancer, who experienced multiple metastases to the liver, brain, and cervical lymph nodes 57 months after the operation. A re-biopsy of the liver metastases revealed a conversion into ER, PR, and HER2 positive status. In this case, the liver was the optimal site available for re-biopsy. As a result, the patient received accurate detection and precision medicine. Encouragingly, the patient achieved nCR for all the metastases after systematic treatments. This re-confirmed the correct diagnosis after disease relapse and metastasis. In contrast, re-biopsy from brain metastasis is not easily available for breast cancer patients. In this clinical setting, liquid biopsy of ctDNA [including cerebrospinal fluid (CSF)] may be an alternative option for these types of patients (11).





Conclusions

The discrepancy in the biomarkers of ER, PR, and HER2 status presents a significant clinical challenge in patients with breast cancer, particularly between primary tumors and metastatic lesions. Simultaneous conversion of all three biomarkers is a rare occurrence during the disease progression of breast cancer. This study presents a case of a female patient with initial triple-negative breast cancer who transformed to ER, PR, and HER2-positive status after recurrence and metastasis. Consequently, she underwent systematic treatment, including chemotherapy, targeted therapy, cranial radiotherapy, and maintenance treatment. The patient achieved a promising complete response (nCR) for over 12 months up to now. The final results of CLEOPATRA study reported that mOS and 8-year OS rates were significantly higher in the D-HP group than that in was D-H (docetaxel-trastuzumab) group (mOS: 57.1 vs. 40.8 months; 8-year OS rates: 37% vs. 23%) (12). Therefore, we have reasons to believe that the patient is likely to have an excellent outcome. This report highlights the necessity and importance of secondary biopsy in patients with breast cancer, which could significantly facilitate precise diagnosis and treatment.
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Giant phyllodes tumors are rare fibroepithelial tumors that are usually larger than 10 cm in diameter, have rapid tumor growth, and are easily recurrent. They are frequently accompanied by skin necrosis and infection, particularly in malignant phyllodes tumors. This case report presents a 50-year-old woman who presented to the hospital with a huge left breast mass that was ruptured and infected. The patient received anti-infective treatment and underwent mastectomy and skin grafting, which indicated a malignant phyllodes tumor. The tumor was completely excised after a local recurrence in the chest wall 6 months post-surgery. Unfortunately, one year later, the patient pass away due to multiple organ failure. Giant phyllodes tumor management presents challenges to the surgeon. This case is being presented to enhance understanding and treatment of phyllodes tumors, specifically giant malignant phyllodes tumors, with the aim of improving patients’ quality of life.
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1 Introduction

Phyllodes tumors are an uncommon occurrence, comprising less than 1% of all breast tumors (1). They are biphasic fibroepithelial tumors that encompass both stromal and epithelial components. Typically, these tumors manifest as painless nodules with a propensity for rapid growth within a short duration. The World Health Organization (WHO) has classified phyllodes tumors into three distinct histotypes based on clinicopathological characteristics: benign, borderline, and malignant. These histotypes are observed in approximately 60%-75%, 15%-20%, and 10%-20% of cases, respectively (2). Most phyllodes tumors are around 4 cm in size, but less than 10% grow larger than 10 cm and are called giant tumors (3). Giant malignant phyllodes tumors are rare and hard to treat. Surgery remains the primary treatment option, with very few surgical studies on giant phyllodes tumors. This case involved a very aggressive giant malignant phyllodes tumor that recurred, spread, and died within a short period of time despite undergoing mastectomy.




2 Case report

In June 2019, the patient identified a small lump in her left breast without associated discomfort or identifiable etiology, yet she refrained from seeking medical attention or undergoing evaluation. By September 2020, the lump exhibited rapid growth prompting her to present at a clinic where she received a misdiagnosis of mastitis, leading to an incision and drainage procedure. Subsequently, the wound failed to heal, and the tumor extended along the incision site. In November 2020, she was admitted to the Department of Breast Surgery at Mianyang Central Hospital, affiliated with the University of Electronic Science and Technology of China in Mianyang, China. We created a timeline of key points in the patient’s diagnosis and treatment (Table 1). Her vital signs were as follows. Physical examination revealed a large, irregular mass in the left breast measuring 17 cm x 15 cm x 10 cm with unclear borders and rupture (Figure 1). The skin over the mass became necrotic, with a foul odor and oozing fluids. This caused slight pain. The patient did not have a fever. No enlarged lymph nodes were found in the axilla or clavicle. The patient had no other medical history. Her father died from liver and pancreatic cancer. Lab results revealed an abnormal complete blood count, indicating a high white blood cell count of 10,610/μl and a high platelet count of 468,000/μl. The bacterial culture of exudate was positive for Pseudomonas aeruginosa and Enterococcus faecalith. Liver and kidney function, tumor markers, and other tests were normal. The mass had ruptured upon admission, so mammography and ultrasonography were not possible. Contrast-enhanced magnetic resonance imaging (MRI) showed a large mass in the left breast with an unclear border (Figure 2). The imaging studies, including computed tomography scan of the thorax, abdominal ultrasound, and bone scan, did not show any signs of distant metastasis. The results of the core needle biopsy supported the diagnosis of a phyllodes tumor in the breast. The patient received a four-day course of intravenous antibiotics and wound care. The white blood cell count of 7880/μl indicated successful management of the infection before undergoing mastectomy.

Table 1 | A timeline of key points in the patient’s diagnosis and treatment.


[image: A table summarizes a patient’s medical history from June 2019 to June 2022. Initial symptoms included a painless mass in the left breast. By September 2020, rapid growth led to a misdiagnosis of mastitis and incision treatment. In November 2020, a giant malignant phyllodes tumor with infection was diagnosed, treated with antibiotics, wound care, mastectomy, and a skin graft. By May 2021, localized recurrence was treated with resection. By June 2022, metastases in the liver, lung, and brain led to multiple organ failure.]
[image: Enlarged, irregular tumor with varied coloration and textures on a person's torso, surrounded by ink markings on the skin. The individual is lying down on a green surgical drape.]
Figure 1 | The preoperative measurement of the left breast mass was 17 cm x 15 cm x 10 cm.

[image: MRI scan showing a cross-sectional view of the thoracic region. A large mass is visible on the right side, with distinct contrast compared to surrounding tissues, indicating an abnormality.]
Figure 2 | Contrast-enhanced magnetic resonance imaging findings. The boundary between the mass and the pectoralis major muscle was indistinct, with persistent signs of infection observed.

Following standard disinfection and draping procedures, the entirety of the mass was meticulously wrapped and secured using sterile gauze to prevent potential contamination. During the surgery, surgeons noted significant vascularity of the tumor and minor adhesion to the base of the pectoralis major fascia. Subsequently, a horizontal oval incision was made to excise the entire breast, encompassing the nipple, areola, and pectoralis major fascia, while preserving the pectoralis major and pectoralis minor muscles. After excision, the wound underwent meticulous irrigation with warm sterile water to remove any debris or blood. Subsequently, hemostasis was achieved. To facilitate wound healing and chest reconstruction, skin from the abdomen was harvested and transplanted onto the chest. The patient was diagnosed with a malignant phyllodes tumor. Follow-up evaluation confirmed successful removal of breast tissue measuring 20 cm × 17 cm, with no tumor spread to the pectoralis major fascia. The histopathological examination demonstrated typical morphological features of malignant phyllodes tumors, marked stromal cellularity, marked stromal cell anisotropy with a few ductal epithelial component visible in the middle, characteristic leaf-like fronds protruding into cystically dilated fissures, mitotic rate of ≥ 10/10 high power fields, stromal overgrowth, and infiltrative tumor borders (Figure 3). The patient experienced no wound-related complications during hospitalization and was discharged on the 13th day after surgery.

[image: Two histological slides show tissue sections under a microscope. The left image depicts branched glandular structures with pink-stained connective tissue surrounding white spaces. The right image displays complex glandular formations with denser areas of pink-stained tissue.]
Figure 3 | Histological analysis of the surgical specimen demonstrated heightened cellularity surrounding the glandular structures, along with cellular atypia, elevated mitotic activity, as well as hemorrhage and necrosis (HE staining; magnification 100x).

Although postoperative radiotherapy was recommended due to uncertainty about achieving sufficient negative margins for the ruptured giant tumor, the patient declined. In May 2021, the patient presented to Mianyang Central Hospital with a subcutaneous nodule anterior to the sternal body measuring approximately 3.0 cm x 2.5 cm (Figure 4). Subsequently, the patient underwent a localized expended resection of the mass, resulting in a significant defect necessitating an incision in the right inframammary fold to displace the medial right breast gland to the anterior thoracic region, with negative surgical margins. The final histological diagnosis revealed a recurrent malignant phyllodes tumor. Subsequently, the patient declined postoperative radiotherapy despite medical advice. After one year of monitoring, the patient developed liver, lung, and brain metastases, leading to multiple organ failure and death. The reporting of this study follows CARE guidelines (4).

[image: CT scan image of a cross-section of the thorax showing the heart, lungs, spine, and surrounding tissues. The organs are distinct with varying shades of gray, indicating different tissue densities.]
Figure 4 | Computed tomography of the thorax identified a subcutaneous mass anterior to the sternum, measuring approximately 3.0 cm x 2.5 cm, characterized by smooth margins and regular morphology.




3 Discussion

According to the WHO classification, phyllodes tumors are fibroepithelial neoplasms characterized by distinct intracanalicular architectural patterns and leaf-like stromal fronds. These features are accompanied by luminal epithelial and myoepithelial layers and stromal hypercellularity. Phyllodes tumors are stratified into three subgroups (benign, borderline, and malignant) based on criteria including stromal cellularity, stromal atypia, stromal overgrowth, mitotic activity, and tumor margins (as shown in Table 2) (2, 5). Immunohistochemical analysis has shown positive expression of vascular endothelial growth factor receptor (VEGFR), P53, CD117, P16, and epidermal growth factor receptor (EGFR) in malignant phyllodes tumors. Studies have demonstrated that malignant phyllodes tumors exhibit lower expression of CD34, with CD34 expression showing an inverse correlation with unfavorable histological characteristics (6–8). The primary objective is to differentiate malignant phyllodes tumors from spindle cell metaplastic breast carcinomas and primary breast sarcomas.

Table 2 | Histopathological features of benign, borderline and malignant phyllodes tumors of the breast.


[image: Table comparing subgroups based on stromal cellularity, stromal atypia, stromal overgrowth, mitosis rate, and tumor margin. Benign shows mild characteristics with absent overgrowth, mitosis less than 2.5, and well-defined margin. Borderline has moderate features, absent or focal overgrowth, mitosis 2.5 to 5.0, with well-defined yet focally infiltrative margin. Malignant displays marked features with present overgrowth, mitosis greater than 5.0, and an infiltrative margin. HPE is noted as high-powered field.]
Spindle cell metaplastic breast carcinomas may contain varying amounts of malignant epithelial components, with some cases lacking epithelial components entirely or showing heterologous mesenchymal differentiation. The identification of diffuse broad-spectrum cytokeratin or p63 expression in malignant spindle cells may indicate the presence of metaplastic carcinoma, as these proteins are typically not expressed in malignant phyllodes tumors (9, 10). Breast sarcomas are a rare subset of malignant tumors that arise from the mesenchymal tissue of the breast, characterized by a lack of distinctive histological features. In contrast to malignant phyllodes tumors, which typically exhibit a sarcomatous pattern in the stromal tissue and a benign epithelial component, breast sarcomas do not display benign epithelial components or leaf-like stromal fronds (11). Studies have suggested a potential association between genetic predispositions, such as Li-Fraumeni syndrome, and an elevated risk of developing breast sarcomas through TP53 mutations (12, 13).

Diagnosis of breast phyllodes tumors prior to surgical intervention remains challenging. Ultrasound and mammography lack specificity in imaging phyllodes tumors. Prior studies have not established the efficacy of MRI in the detection of breast phyllodes tumors (14). Histopathological assessment remains the gold standard for diagnosing these tumors. Ultrasound-guided core needle biopsy (CNB) has emerged as the preferred method for obtaining tissue samples from suspicious breast lesions for histopathological examination due to its safety, speed, and convenience. Nonetheless, the heterogeneous nature of phyllodes tumors poses a challenge in distinguishing them from epithelial neoplasms or fibroadenomas during biopsy procedures, potentially leading to missed diagnoses. Research indicates that CNB has an approximate 50% accuracy rate in diagnosing phyllodes tumors, with larger tumor size correlating significantly with discordant biopsy results (15).

Surgical intervention is the mainstay of treatment for phyllodes tumors. Benign phyllodes tumors exhibit no heightened risk of local recurrence following any type of resection. Conversely, mastectomy for borderline and malignant phyllodes tumors has been shown to improve local recurrence rates and disease-free survival (16–18). The majority of studies have demonstrated a lack of statistically significant disparity in overall or cancer-specific survival rates among patients with phyllodes tumors who underwent wide excision compared to mastectomy. Margins are still a matter of debate. While systematic reviews have not found a consistent correlation between positive margins and local recurrence in benign and borderline phyllodes tumors (14), a negative margin has been consistently associated with decreased recurrence risk in malignant phyllode tumors (19). Moo et al. discovered that patients with benign phyllodes tumors who underwent re-excision due to positive or close margins did not experience lower rates of local recurrence (20). The National Comprehensive Cancer Network (NCCN) recommends a negative margin of more than 1cm for malignant phyllodes tumors. However, Thind et al. found no significant difference in local recurrence or survival rates between borderline and malignant phyllodes tumors with margins of 1 cm versus >1cm (21). Failure to accurately measure tumor margins during surgery, particularly in cases of giant and ruptured tumors with unclear borders, may contribute to early recurrence of phyllodes tumors. It is increasingly acknowledged that the appropriate surgical margin width should be tailored to the specific subtype of the phyllodes tumor. Mastectomy is primarily employed for larger and recurrent tumors, particularly those of a malignant nature. Giant phyllodes tumors typically encompass the entire breast and present challenges in achieving adequate resection margins. It is important to recognize that in cases where phyllodes tumors reach significant size, complete removal of breast tissue and the tumor-infiltrated soft tissues can decrease the likelihood of local tumor recurrence. Patients with positive surgical margins for benign phyllodes tumors could be follow-up closely, while borderline and malignant phyllodes tumors with margins of more than 1cm should be a localized expanded resection. Khosravi-Shahi, P et al. demonstrated that over 90% of malignant phyllodes tumor cases did not exhibit axillary lymph node metastasis, thus supporting the recommendation to avoid axillary surgery (22).

Certain researchers argue that breast reconstruction may pose a potential risk for phyllodes tumors, which are known for their high recurrence rate. While certain studies suggest that recurrence is not directly linked to breast reconstruction, the possibility of local recurrence could lead to reconstruction failure, necessitating multiple surgeries and imposing additional physical, psychological, and financial strain on patients (23, 24). Therefore, timely surgical intervention is recommended for giant borderline or malignant phyllodes tumors to prevent complications such as tumor compression of the chest wall and invasion of the thoracic cavity. Preoperative assessment of tumor compression or invasion of the chest wall is essential (25). Surgical procedures should be performed cautiously to ensure complete excision of the tumor and to prevent residual disease or compromise of the tumor’s integrity, which may result in short-term recurrence (26). Careful handling of the tumor envelope during surgery is crucial, requiring blunt separation to maintain its integrity. In cases where the envelope is compromised, meticulous identification and dissection of the tumor, along with demarcation of normal tissue, are imperative. Preservation of normal skin and muscle is a priority to adequately cover the wound during complete tumor dissection and attainment of negative margins. For cases where the tumor was ulcerated prior to surgery, it is recommended to meticulously cover and isolate the ulcerated area with gauze during the procedure to prevent contamination of the operative site. Management of large skin defects may necessitate plastic restoration techniques such as skin grafts or rotation flaps.

Adjuvant radiotherapy has been shown to decrease local recurrence rates in borderline and malignant phyllodes tumors, especially following breast-conserving surgery, and is particularly beneficial for individuals under 45 years of age and those with tumors larger than 5cm (27, 28). Nevertheless, there is currently no evidence supporting the efficacy of postoperative adjuvant radiotherapy in improving overall survival for primary phyllodes tumors, as indicated by the NCCN guidelines. The efficacy of adjuvant chemotherapy, endocrine therapy, and targeted therapy for phyllodes tumors remains unproven.

Phyllodes tumors predominantly metastasize hematogenously, with distant metastases occurring in 9% of malignant cases, most commonly in the lungs and bones. Recurrence rates of 10-17%, 14-25%, and 23-30% have been reported in the literature for benign, borderline, and malignant phyllodes tumors, respectively (29). Additionally, the pathology of recurrent tumors often presents a more severe condition. Patients afflicted with malignant phyllode tumors who experience distant metastases face a grim prognosis, with an average survival time of 4 to 17 months (30). Research has not identified a disparity in overall survival rates between mastectomy and locally extended resection following recurrence. Therefore, in accordance with NCCN guidelines, wide margin re-excision and postoperative radiotherapy may be deemed appropriate for cases of local recurrence subsequent to the resection of malignant phyllode tumors.

This particular case study serves to enhance the knowledge of diagnosing and treating malignant phyllodes tumors, as well as examining the surgical techniques used for managing large malignant phyllodes tumors. The preservation of the mammoplasty approach may be considered as a viable option when sufficient margins are achieved. Mastectomy may be considered as a treatment option for giant phyllodes tumors in cases where oncoplastic excision fails to yield satisfactory reconstructive outcomes. Limited research exists on the efficacy of combining mastectomy with breast reconstruction in such cases. The complexity of tumor localization poses challenges for reconstruction, necessitating careful preoperative planning to ensure safe and satisfactory oncoplastic outcomes.
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Introduction

Patients with metastatic HER2-positive breast cancer have multiple therapeutic options. However, most are not studied in the renal replacement therapy (RRT) setting.





Case report

We report the use of Phesgo® (subcutaneous fixed-dose combination of trastuzumab and pertuzumab) combined with exemestane as a first-line treatment of metastatic HER2-positive breast cancer in a hemodialysis patient with multiple comorbidities. Partial response was attained, with disease progression after 8 months without evidence of significant toxicity.





Discussions

This case report is, to our knowledge, the first published case documenting the use of Phesgo® in a hemodialysis patient. No new safety signs were seen, and activity was documented, adding support to the use of this drug combination in such a patient population.
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1 Introduction

Breast cancer is the most frequent malignancy worldwide, responsible for a great burden of disease among women with multiple chronic conditions, including end-stage renal disease (ESRD). The improvement in survival of patients treated with renal replacement therapy (RRT) increases the chance of cancer development, with a higher incidence of breast cancer being reported in this population (1, 2).

Chronic kidney disease (CKD) does not limit surgical treatment or radiotherapy but affects the pharmacokinetics (PK) of drugs used as systemic treatment, increasing the risk of toxicity and making efficacy less predictable. These patients are usually excluded from clinical trials, and the available evidence on treatment efficacy and tolerance comes from case reports. Regarding the use of trastuzumab, no significant changes in PK were found in the RRT setting, with similar outcomes independent of drug formulation (intravenous or subcutaneous) (3–5). However, for pertuzumab, a different anti-HER2 monoclonal antibody, there are limited data on PK, and consequently, there is no recommendation for administering this drug to patients on RRT. To our knowledge, the only case report of a patient on hemodialysis treated with trastuzumab and pertuzumab used the intravenous formulation and documented the known and manageable toxicity profile without new efficacy concerns (6).

Herein, we report a further case of a patient on RRT treated with trastuzumab and pertuzumab, adding the first published report of the use of Phesgo® (a subcutaneous fixed-dose combination of pertuzumab and trastuzumab) in this population. Written informed consent was obtained from the participant/patient(s) for the publication of this case report.




2 Case report



2.1 Patient information

We report the case of a 52-year-old woman, autonomous and professionally active, without family or social support, with an Eastern Cooperative Oncology Group Performance Status (ECOG-PS) of 1. She noted a lump in her right breast and was diagnosed with breast cancer in 2019: invasive carcinoma of the breast, of no special type, G2, estrogen receptor (ER)-positive (90%), progesterone receptor-negative, HER2 3+, Ki67 60%, staged as cT3(m)N3M0—prognostic stage group IIIB.

Her medical family history included maternal breast cancer at 68 years old and paternal CKD. The patient had multiple comorbidities, namely, CKD. When she was 9 years old, she was diagnosed with Fanconi syndrome. She has been on hemodialysis three times a week (medium 3.7 hours per session) since 1998. From 1982 to 1990, the patient was on hemodialysis as well, having received a transplant in 1990 that failed in 1998. At the time of the first oncology consultation, the patient presented a left arm aneurysm of the arteriovenous fistula, secondary hyperparathyroidism, secondary hypertension, severe pulmonary hypertension, uremic neuropathy, malnutrition, chronic hepatitis C virus infection genotype 2, prior acute colonic diverticulitis complicated with abscess with surgical management and colostomy, major depression, and status post-thyroidectomy and right neck dissection (May 2017) for papillary thyroid carcinoma.




2.2 Clinical findings

The patient was asthenic, and her physical exam denoted malnutrition, a right breast lesion measuring 10 × 7 cm, right axilla and right supra- and infraclavicular lymphadenopathies, and right arm lymphedema. The remaining physical exam found no evidence of breast cancer metastatic disease (cM0).




2.3 Timeline

Given the diagnosis of locally advanced HER2-positive, ER-positive breast cancer, along with the patient’s comorbidities and preferences (prioritizing tolerability and flatly refusing chemotherapy), neoadjuvant therapy with subcutaneous trastuzumab and oral tamoxifen was started in January 2020. The best response was a partial response with good tolerance and no cardiac toxicity. After 6 months of therapy, and repeatedly thereafter, curative surgery was proposed, which the patient refused, maintaining trastuzumab and hormonal therapy up until July 2022, when after 30 months of therapy, locoregional, skin, pleural, peritoneal, and lymph node progression was confirmed (Figure 1A). During this period (until July 2022), the case was rediscussed in the tumor board, and alternatives such as radiotherapy were discussed and dismissed considering it would not be curative by itself nor effective palliating the lymphedema—the only local symptom the patient presented at that point.
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Figure 1 | Metabolic and radiologic evaluation on FDG-PET of cancer lesions throughout Phesgo® treatment. (A) Obtained on July 22, 2022; showed disease progression with an increased atypical lesion in the right breast and bilateral lymphadenopathies. (B) Captured on January 10, 2023; demonstrated a favorable response to Phesgo® treatment with reduced breast lesion size and improved lymphadenopathies. (C) Obtained on April 20, 2023; indicated disease progression with new hypermetabolic foci, pleural effusion, ascites, and lytic lesions.




2.4 Diagnostic assessment

At the tumor board and considering the advice of the patient’s nephrologist, first-line treatment with paclitaxel, trastuzumab, and pertuzumab was recommended.




2.5 Therapeutic interventions

The patient refused chemotherapy, so she was started on Phesgo® combined with exemestane in August 2022 (by then, the patient was postmenopausal). Phesgo® was administered every 21 days, 24 hours after the last hemodialysis session and 24 hours before the next.




2.6 Follow-up and outcomes

Three weeks after starting Phesgo® and exemestane, a reduction in the dimensions of the breast and skin lesions was already noted (Figure 2).
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Figure 2 | Temporal evolution of clinical breast and skin lesions. A favorable clinical response was evident following the initiation of Phesgo in August 2022, with complete resolution of skin lesions observed by January 2023. However, upon completing 10 cycles of Phesgo by April 2023, there was a recurrence of skin lesions, concurrent with an increase in the size of the breast lesion and the identification of new left axillary lymphadenopathies.

In the first response evaluation by positron emission tomography (PET) with fluorine-18 fluorodeoxyglucose (FDG), a partial metabolic response was documented with a clear decrease in the uptake in the breast lesion, the lymph nodes, and the pleural nodules, in addition to a decrease in the pleural effusion volume (Figure 1B). In January 2023, all the skin lesions had disappeared.

No adverse events were noted, and the left ventricle ejection fraction and strain remained within the normal range (Table 1).

Table 1 | Temporal evolution of left ventricular ejection fraction and strain.


[image: Table showing the evolution of GLS and LVEF from May 2022 to April 2023. GLS values: May 2022 -15.8%, September 2022 -15.7%, January 2023 not recorded, April 2023 -16.3%. LVEF values consistently around 50-53%.]
The patient completed 10 cycles of Phesgo® until April 2023, when some of the skin lesions reappeared, the breast lesion increased in size, and new left axillary lymph nodes were identified (Figure 2). FDG-PET in April 2023 documented disease progression in the breast, pleura, peritoneum, and lymph nodes (Figure 1C). The patient maintained an ECOG-PS of 1 and started a second-line anti-HER2 therapy recommended by the tumor board.




2.7 Discussion

Our report is, to our best knowledge, the first published case report of Phesgo® treatment in a patient on hemodialysis. The choice of Phesgo®, a subcutaneous fixed-dose formulation of pertuzumab and trastuzumab, instead of the intravenous formulation was justified by the right arm lymphedema, the left arm aneurysm of the arteriovenous fistula, and the limited vascular access options. Also, according to PHranceSCa trial results, most patients prefer the subcutaneous formulation, with the most common reasons being “less time in the clinic” and “more comfortable during administration”, which were very important to this professionally active patient, already spending much time in the hemodialysis center (7). In the absence of dose and schedule recommendations, we chose to administer Phesgo® on a different day from dialysis, which was conducted at another institution. Due to pertuzumab’s high molecular weight (148 kDa), removal of Phesgo® by hemodialysis was not expected (8). Despite prior reports suggesting that a lower glomerular filtration rate could be associated with an increased risk of cardiotoxicity for both trastuzumab and pertuzumab, our patient did not experience cardiac toxicity. Considering the limited safety and dosage data for aromatase inhibitors (AI) in patients with a glomerular filtration rate under 30 mL/min, we chose exemestane due to its minimal renal elimination (<1%) compared to other options (anastrozole 11%, letrozole 90%, and fulvestrant 8%) (9). In the case presented, Phesgo progression-free survival (PFS) was 8 months, lower than reported in the phase II PERTAIN trial, which compared the combination of trastuzumab plus pertuzumab plus an AI with trastuzumab plus an AI, with a median PFS of 20.6 vs. 15.8 months [hazard ratio (HR) 0.67, p = 0.006]. While these results are encouraging for a chemotherapy-free regimen, it must be noted that one-half of patients received induction chemotherapy with a taxane prior to switching to maintenance exemestane. Furthermore, patients with CKD or other comorbidities and patients with disease progression on prior trastuzumab were excluded from the trial, which may explain the lower PFS observed in this case (10–12). One limitation of this report is the absence of pharmacokinetic data, which were not collected considering that they would not lead to therapy modification (in the absence of guidance for that) but would add morbidity and costs to the patient’s care.

To conclude, our report demonstrates the safe and effective use of the association of trastuzumab plus pertuzumab in a patient with end-stage renal disease undergoing RRT and raises no red flags to the administration of the subcutaneous fixed-dose formulation in this setting. More studies are needed to assess the PK of anticancer drugs in patients on RRT and its efficacy and security in a real-world population. Meanwhile, some important lessons can be taken from this case, such as the importance of a multidisciplinary approach including medical subspecialties, in this case, nephrology. This was key to allowing the patient access to innovative oncological treatment despite her comorbidities and in accordance with her preferences. Raising awareness and special recommendations are needed for this patient’s subgroup not only to guide drug use and dosing but also to preclude undertreatment, especially in the curative setting.





3 Patient perspective

The treatment was well tolerated and administered in a comfortable schedule, permitting the maintenance of hemodialysis and most of the planned daily activities. The response in the breast was significant, with regression of the main lesions. This treatment is a valid option for disease control in patients with advanced disease (unresectable locally advanced or metastatic) and multiple comorbidities who cannot tolerate and/or refuse chemotherapy after being duly informed. In oncology and especially in the palliative setting, patient preferences are important and should be considered in shared decision-making. Information on disease course and treatment recommendations must be tailored to the individual patient and account for his/her preferences since some treatments may impact an outcome such as survival at the cost of a decrease in quality of life or patient independence.
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Background

Operable triple-negative breast cancer (TNBC) is an unfavorable subtype of breast cancer, which usually requires an aggressive perioperative systemic treatment. When TNBC presents as a second primary cancer after cured acute leukemia, its management might be challenging.





Case presentation

We present a case report of a young postmenopausal woman with an operable TNBC who had a history of the B-cell acute lymphoblastic leukemia (B-ALL) and graft versus host disease (GVHD) after allogeneic stem cell transplantation (allo-SCT). A history of previous treatment with anthracyclines and radiotherapy and GVHD limited the use of doxorubicin for treatment of her TNBC. Due to the history of GVHD, perioperative treatment with pembrolizumab was omitted. Genetic testing was challenging due to the possible contamination of her tissues with the donor’s cells after allo-SCT. In samples of our patient’s buccal swab, peripheral blood, and tumor tissue, a pathogenic variant in the partner and localizer of BRCA2 (PALB2) gene was found. With neoadjuvant chemotherapy which included carboplatin, a pathologic complete response was achieved. Although our patient has a low risk for recurrence of TNBC, her risk for the development of new primary cancers remains substantial.





Conclusion

This case highlights challenges in the systemic treatment, genetic testing, and follow-up of patients with operable TNBC and other solid cancers who have a history of acute leukemia.
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Background

Triple-negative breast cancer (TNBC) accounts for approximately 15% of all breast cancers and is clinically defined as lacking expression of the estrogen receptor (ER) and progesterone receptor (PR) and overexpression of the human epidermal growth factor receptor (HER) 2. Historically, TNBC has been characterized by an aggressive natural history and worse disease-specific outcomes as compared with other breast cancer subtypes (1). A modern systemic therapy of the operable TNBC includes perioperative chemotherapy (ChT) (i.e., anthracyclines, taxanes with or without carboplatin and capecitabine in patients with residual disease after surgery), an immune checkpoint inhibitor (ICI) pembrolizumab, and an inhibitor of the poly (ADP-ribose) polymerase (PARP) olaparib in patients with breast cancer gene 1 (BRCA1) and breast cancer gene 2 (BRCA2) pathogenic germline variants (2). When TNBC presents as a second primary cancer after cured acute leukemia, its management might be challenging.

Second primary breast cancers are among the most common second non-skin cancers in survivors of childhood cancers (3). For pediatric patients with an acute lymphoblastic leukemia (ALL), a reported cumulative risk of second primary cancers ranges from 1.2% to 3.3% after 10 to 15 years of follow-up (3–6). More than 80% of ALL results from the clonal proliferation of abnormal B-cell progenitors (B-ALL). ChT for B-ALL consists of induction, consolidation, and long-term maintenance, with central nervous system (CNS) prophylaxis given at intervals throughout therapy. Allogeneic stem cell transplantation (allo-SCT) is a treatment of choice for patients with ALL after first relapse and is also recommended for high-risk patients in the first complete remission (7). Graft versus host disease (GVHD) is a serious and potentially deadly complication of the allo-SCT, which occurs by the donor’s immune effector cells recognizing and destroying the recipient’s tissues and organs, often in the first 3 months after the allo-SCT. After the allo-SCT, 20%–80% of patients develop acute GVHD and 6% to 80% chronic GVHD (8–10). While ALL in children is a highly curable disease, a long-term survival rate in adults with ALL is 30%–45% (7, 11, 12).

Here, we present a case which highlights challenges in the systemic treatment, genetic testing, and follow-up of a patient with an operable TNBC and a history of B-ALL.





Case report

A timeline of the patient’s diagnosis and treatment process is presented in Figure 1. A 40-year-old postmenopausal woman presented with a palpable lump in her right breast in 2022. Mammography showed a suspicious tumor mass of 18 × 20 mm in the upper inner quadrant. She underwent a core needle biopsy, and the breast pathologist reported invasive ductal carcinoma, G3, ER 0%, PR 0%, HER 2 negative, and Ki-67 70%–80%. Computed tomography scan of the thorax and abdomen and bone scan did not show distant metastases. Magnetic resonance imaging (MRI) of the right breast showed a mass sized 21 × 14 mm without involvement of the axillary lymph nodes (cT2 N0 M0, stage IIA). Her family history revealed that her maternal grandmother had an abdominal cancer at the age of 81, one maternal cousin had a tonsil cancer at the age of 57, another maternal cousin had a buccal mucosa cancer at the age of 56, her maternal aunt had a lung cancer at the age of 77, and her paternal uncle had a rectosigmoid cancer at the age of 65. She had a menarche at the age of 14 and went into an iatrogenic menopause after treatment of her B-ALL at the age of 26. She was gravity and parity 0 and never took any hormonal therapy. She had no history of smoking and drinking alcohol but a known allergy to vancomycin. Her history was significant for hyperthyroidism, which was treated with radioiodine and for B-ALL.

[image: Timeline diagram from 2007 to 2024 detailing a medical history. In 2007, diagnosed with B-ALL, treated with MRC UK ALL XII protocol. In 2010, recurrent B-ALL, treated with HAM protocol, 12 Gray TBI, and Allo-SCT. In 2022, TNBC with PALB2 variant, treated with weekly paclitaxel and carboplatin, followed by AC. In 2023, underwent bilateral skin-sparing mastectomy, sentinel lymph node biopsy, and laparoscopic bilateral adnexectomy. Follow-up in 2024.]
Figure 1 | Timeline of the patient’s diagnosis and treatment process. AC, adriamycin, cyclophosphamide; B-ALL, B-cell acute lymphoblastic leukemia; ChT, chemotherapy; HAM, high-dose cytosine arabinoside and mitoxantrone; MRC UK, Medical Research Council United Kingdom; PALB2, partner and localizer of BRCA2; Ph-, Philadelphia chromosome-negative; TBI, total body irradiation; TNBC, triple- negative breast cancer.

In 2007, at the age of 25, our patient was diagnosed with B-ALL, common type, Philadelphia chromosome negative. She was treated with ChT according to the Medical Research Council United Kingdom ALL XII ChT protocol which also included daunorubicin. She also received 18-Gy prophylactic cranial irradiation. At that time, our patient rejected treatment with an allo-SCT after induction treatment. In 2008, her B-ALL relapsed and she received ChT according to the high-dose cytosine arabinoside and mitoxantrone (HAM) protocol and myeloablative 12-Gy total body irradiation (TBI) followed by the allo-SCT. The donor was her mother who was blood type compatible but HLA incompatible. In 2009, she was diagnosed with acute and chronic intestinal, hepatic, and skin GVHD, and for a while she was on and off corticosteroids. At the time of diagnosis of her breast cancer, her B-ALL was in complete remission and she did not have any symptoms of the GVHD. During treatment of the B-ALL, she received a cumulative dose of 120 mg/m2 of daunorubicin and 30 mg/m2 of mitoxantrone, which is altogether equivalent to 220 mg/m2 of doxorubicin.

A multidisciplinary breast cancer tumor board recommended neoadjuvant systemic treatment followed by mastectomy with or without adjuvant systemic treatment. Her baseline echocardiogram was normal. The plan was to treat her with neoadjuvant ChT, consisting of 12 weekly applications of paclitaxel (80 mg/m2) and carboplatin (area under the curve [AUC] 1.5), followed by three instead of four cycles of the dose-dense doxorubicin (60 mg/m²) and cyclophosphamide (600 mg/m²) to not to exceed the overall cumulative dose of doxorubicin of 400 mg/m2. A consulting hematologist did not advise against the coadministration of the granulocyte-colony stimulating factor (G-CSF) during ChT and treatment with pembrolizumab. After only 4 weeks of neoadjuvant ChT with paclitaxel and carboplatin, primary tumor was not palpable anymore and 7 weeks later, MRI showed a complete radiologic response. Due to the excellent response of primary tumor to ChT and a history of GVHD, treatment with pembrolizumab was omitted. At this point, a multidisciplinary tumor board recommended a continuation of the planned treatment with dose-dense doxorubicin and cyclophosphamide and G-CSF followed by surgery. The last dose of ChT was reduced due to the symptomatic anemia. Otherwise, our patient tolerated treatment with ChT very well. Because of the young age and TNBC pathology, she was referred to a geneticist. Genetic testing for a hereditary breast cancer using a multigene panel was performed using a buccal swab and peripheral blood. Both samples were positive for a heterozygous pathogenic variant in the partner and localizer of the BRCA2 (PALB2) gene [c.1451T>A p. (Leu484*)]. Since she was after allo-SCT and there was a risk for contamination with the donor’s cells, a genetic analysis of the primary breast tumor was performed, which confirmed a pathogenic variant in the PALB2 gene with a variant allele frequency of 68%. A germline pathogenic variant in the PALB2 gene was suspected, and therefore she underwent a bilateral skin-sparing mastectomy and right-sided sentinel lymph node biopsy with immediate reconstruction with implants. As our patient was already postmenopausal, she also opted for the immediate preventative laparoscopic bilateral adnexectomy. The postoperative period was uneventful. With neoadjuvant ChT, a pathologic complete response (pCR) was achieved. More than 1 year after surgery, our patient is well and free of cancer.





Discussion

Patients with operable TNBC usually require multidisciplinary treatment with neo/adjuvant systemic therapy, surgery, and adjuvant radiotherapy to decrease a risk of recurrence and death due to the breast cancer (12, 13). There may be some additional challenges in the management of patients with early TNBC who were previously treated for B-ALL.

Firstly, a risk for the development of cardiac toxicity after treatment of TNBC may be substantially increased in patients who were previously treated for B-ALL. Based on the literature, a recommended maximum lifetime cumulative dose of doxorubicin is 550 mg/m2, or, in patients who had received previous mediastinal radiation, 450 mg/m2 (14). The probability of developing congestive heart failure (CHF) is estimated to be around 1% to 2% at a cumulative dose of 300 mg/m2, and thereafter, a risk for the development of CHF increases steeply (3% to 5% at 400 mg/m2; 5% to 8% at 450 mg/m2, and 6% to 20% at 500 mg/m2) (15, 16). Furthermore, radiotherapy is another known substantial risk factor for the development of cardiovascular (CV) disease (17, 18). Additionally, patients who receive allo-SCT have a 2.3-fold higher risk of the premature CV death (19). As compared with autologous recipients, recipients of the allo-SCT have a higher incidence of long-term CV events (20). Treatment of GVHD includes the use of immunosuppressants, including corticosteroids, leading to a higher prevalence of risk factors for CV disease such as dyslipidemia, hypertension, and insulin resistance (21, 22). In the allo-SCT survivors, chest radiation prior to transplantation is associated with a 9.5-fold increase in the development of coronary artery disease (21, 22). Altogether, our patient received an equivalent of 220 mg/m2 of doxorubicin and 12-Gy TBI before the allo-SCT and was later also treated for GVHD. To minimize a risk for the development of heart disease, our plan was not to exceed a cumulative dose of 400 mg/m2 of doxorubicin. Instead of the full dose of 240 mg/m2 (4 × 60 mg/m2), our patient received 162 mg/m2 of doxorubicin for her TNBC. However, an anthracycline-free ChT regimen containing carboplatin and paclitaxel/docetaxel might also be a valid treatment option in our patient (23, 24). The G-CSF usage allows administration of higher cumulative doses of ChT and better survival rates, which may both be associated with a higher occurrence rate of second cancers (25). According to the results of systematic review, G-CSF increases a risk for the development of acute myeloid leukemia and myelodysplastic syndrome but not for the ALL (25). Evidence also suggests that G-CSF does not increase a risk for the development of GVHD (26). We conclude that administration of G-CSF is safe in patients with a history of B-ALL.

Secondly, use of ICIs after allo-SCT may increase a risk for the development of GVHD. A contemporary systemic treatment of patients with an operable TNBC now beside ChT also includes an ICI pembrolizumab. In the KEYNOTE 522 phase III study, an addition of pembrolizumab to the neoadjuvant ChT with paclitaxel, carboplatin, doxorubicin, and cyclophosphamide resulted in a higher pCR rate (64.8% vs. 51.2%) and improvement in the event-free but not overall survival (27). However, studies showed that in patients with various relapsed hematologic malignancies who were previously treated with allo-SCT, treatment with ICIs was highly efficacious but also increased a risk for the development of GVHD (14% acute, 9% chronic), including GVHD-related deaths (28). A history of GVHD and a short time interval between the allo-SCT and treatment with an ICI are both associated with a higher risk for the development of GVHD. A risk for the development of GVHD remains increased for several months after treatment with an ICI and is higher when combinations of ICIs are used (29–31). A time interval between the allo-SCT and the diagnosis of TNBC in our patients was long (i.e., 14 years), but data on the safety of ICIs in such cases are still lacking. Due to the history of GVHD and the excellent response to ChT, treatment with pembrolizumab was omitted in our patient. Oncologists should be aware that treatment with an ICI can lead to devastating complications related to GVHD in patients who previously received allo-SCT for hematologic malignancy.

Thirdly, testing for hereditary cancer may be challenging in patients with a history of allo-SCT. When dealing with a young patient with TNBC, genetic testing is of great importance, due to the fact that up to 40% of the early-onset and/or familial TNBC have germline pathogenic variants in BRCA1, BRCA2, PALB2, and some other genes (32). Accordingly, our patient was referred to a geneticist, but since she was an allo-SCT recipient, and her mother was a donor, choosing the most appropriate and reliable biological sample for genetic testing proved difficult (33, 34). After the allo-SCT, not only blood cells but also other cell subtypes may be replaced by cells of donors’ origin during a process called adult stem cell plasticity phenomenon (33). Bone marrow and peripheral blood stem cells have a potential to transdifferentiate or dedifferentiate into neural, bone, muscular, cartilage, liver, gut, alveolar, buccal, epidermal, or endothelial cells, and these exogenous cells can represent between 0.1% and 10% of tissue-specific cells after allo-SCT. However, it has been shown that hair follicle cells lack adult stem cell plasticity and they remain of the recipient’s origin for more than 20 years after the allo-SCT (33). The best biological sample for genetic testing is still being debated, but the National Comprehensive Cancer Network guidelines recommend that DNA of allo-SCT recipients should be extracted from the skin fibroblasts, hair follicles, or other non-hematopoietic origin tissue of the allo-SCT recipients. When this is not possible, buccal swab can be considered as an appropriate alternative source of DNA even though buccal epithelial cells can be replaced by donor-derived cells (33–35). In our case, patient’s buccal swab, peripheral blood and tumor tissue were tested, and all samples were positive for a pathogenic variant in the PALB2 gene (c.1451T>A p. (Leu484*)). The variant allele frequency in tumor tissue was high, suggesting that our patient’s TNBC developed predominantly due to the PALB2 variant; however, previous management of her B-ALL could also have contributed to the development of TNBC. Considering that the patient’s blood sample presumably consisted of donor cells, genetic testing might have incidentally identified her mother as a carrier of the PALB2 pathogenic variant. As her mother has not undergone genetic testing due to her advanced age, her carrier status cannot be verified. As testing for PALB2 variants can be important for cancer risk assessment and screening as well as pregnancy planning, our patient’s maternal relatives were offered genetic counselling, but they have not responded to the invitation so far. This case highlights a possibility that genetic testing performed after allo-SCT might reveal pathogenic variants of donor’s origin, which might have clinical implications for the donor (36). A PALB2-variant breast cancer is usually associated with an aggressive clinicopathological features and is often of triple-negative phenotype (37). PALB2 protein participates in a process of the homologous recombination, and there is evidence that rapid and durable responses could be achieved with a platinum-based chemotherapy in PALB2-associated breast cancers (37). In our patient, a combination of carboplatin and paclitaxel resulted in a rapid complete clinical response of the primary tumor, which is in line with previous reports.

Finally, in children and young adults who are treated for various hematologic malignancies, it is important to consider a risk for new primary cancers later in life. Our case also indicates that among patients who develop a second primary solid cancer after hematologic malignancy, there is a subset of patients who have a hereditary cancer. It is well known that biallelic pathogenic variants in the PALB2 gene result in a subtype of Fanconi anemia, whereas the monoallelic pathogenic variant in PALB2 predisposes carriers to different cancers such as breast, pancreatic, and ovarian cancers (38). In carriers of the pathogenic variant in the PALB2 gene, a lifetime risk for the development of breast cancer is 40%–60%, for ovarian cancer 3%–5%, and for pancreatic cancer 2%–3%. Guidelines of the European Society of Medical Oncology recommend that women with pathogenic variants in the PALB2 should have clinical breast examination every 6–12 months at age 20–25 years, annual MRI at age 20–29 years, and annual breast MRI and/or mammogram at age 30–75 years; they should also consider a risk-reducing mastectomy and adnexectomy. Screening for pancreatic cancer with an annual MRI and/or endoscopic ultrasound from the age of 50 (or 5–10 years younger than the affected relative) can also be considered, when at least one first- or second-degree, presumably PALB2-positive relative develops exocrine pancreatic cancer (39). Due to pathogenic variant in PALB2 our patient underwent bilateral skin-sparing mastectomy and preventative bilateral adnexectomy and is now in the follow-up program in our cancer center. After mastectomy, there was no need for adjuvant irradiation, which could increase a risk for the development of new primary breast cancer in the case of breast-conserving surgery. Fortunately, our patient achieved a pCR and has a very low risk for the recurrence of TNBC. However, after intensive treatment with ChT and radiotherapy, which she received for her B-ALL and TNBC and a known pathogenic variant in the PALB2 gene, her risk for the development of new primary cancers other than breast and ovarian cancers, particularly pancreatic cancer, may be substantial. Pancreatic cancer surveillance is a contentious subject, with controversies regarding the identification of high-risk individuals, imaging methods, screening intervals, and patient outcomes. In the future, patients such as ours will hopefully benefit from personalized risk assessment and additional blood-based as well as radiomic biomarkers, including the use of artificial intelligence (40). An annual whole-body MRI might also prove useful for this patient, considering her risk of other new primary cancers.





Conclusions

To our knowledge, this is a first published report which comprehensively highlights the complexity of management of a patient with a second primary TNBC after cured acute leukemia, which was also treated with an allo-SCT. A potential benefit of systemic anticancer therapy should be carefully balanced against its possible harms in patients with a second primary TNBC. Additionally, in patients with a history of allo-SCT, genetic testing for a hereditary cancer may be challenging. Patients with a second primary solid cancer and a history of hematologic malignancy, especially those with a known hereditary cancer, have a substantial risk for new primary cancers. Future research should focus on the development of optimal personalized follow-up programs in this population of patients. Furthermore, development of effective new systemic therapies (e.g., next-generation immunotherapy and targeted agents) which in contrast to ChT do not substantially increase a risk for new primary cancers would be of great importance especially for young patients with TNBC and other solid cancers, which have a complicated treatment history.
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Breast cancer remains one of the predominant malignancies worldwide. In the context of inoperable advanced or metastatic human epidermal growth factor receptor 2 (HER2)-positive breast cancer, systemic management primarily relies on HER2-targeting monoclonal antibodies. With the successful development of anti-HER2 antibody-drug conjugates (ADCs), these agents have been increasingly integrated into therapeutic regimens for metastatic breast cancer. Here, we present the case of a 42-year-old female patient with HER2-positive pulmonary metastatic breast cancer who underwent an extensive treatment protocol. This protocol included chemotherapy, radiation therapy, hormonal therapy, surgical intervention on the breast, and anti-HER2 therapies. The anti-HER2 therapies involved both singular and dual targeting strategies using trastuzumab and the ADC disitamab vedotin (RC48) over an 8-year period. After experiencing disease progression following HER2-targeted therapy with RC48, the patient achieved noticeable partial remission through a therapeutic regimen that combined trastuzumab deruxtecan (DS8201) and tislelizumab. The data suggest a promising role for DS8201 in managing advanced stages of HER2-amplified metastatic breast cancer, especially in cases that demonstrate progression after initial HER2-directed therapies using ADCs. Furthermore, its combination with anti-PD-1 agents enhances therapeutic efficacy by augmenting the anti-tumoral immune response.
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Introduction

Breast cancer remains a predominant malignancy worldwide. Incorporating both sexes, it accounts for 11.6% of all cancer cases, second only to lung cancer. Notably, among women, it is the most frequently diagnosed cancer (1). Human epidermal growth factor receptor 2 (HER2)-positive breast cancers make up 25–30% of all breast cancer cases, often indicating a worse prognosis compared to luminal subtype (2–4). Due to tumor heterogeneous, HER2 positive breast cancer present various treatment sensitivities and different survival outcomes. A correlation exists between the development of distant metastases and increased mortality rates in breast cancer patients (5). Common metastatic sites include the bone, liver, lung, and brain across all breast cancer subtypes. Advanced systemic therapy for inoperable or metastatic HER2-positive breast cancer primarily relies on HER2-targeting monoclonal antibodies. Currently, the standard of care in initial and second-line settings involves pertuzumab and trastuzumab in conjunction with chemotherapy, preferably a taxane, trastuzumab emtansine (T-DM1) and trastuzumab deruxtecan (DS8201) (6). Subsequent lines of therapy may consider alternative HER2-targeted combinations, including options such as or tyrosine kinase inhibitors (TKIs) like tucatinib and neratinib (7).

Antibody-drug conjugates (ADCs) consist of tumor antigen-specific monoclonal antibodies bound to potent cytotoxic agents via stable, cleavable, or non-cleavable chemical linkers. Due to successful advancements in ADC pharmaceuticals, these agents have been progressively incorporated into treatment protocols for various diseases. Disitamab vedotin (RC48) is an example of an anti-HER2 ADC; it combines hertuzumab (a novel anti-HER2 mAB) with monomethyl auristatin E (MMAE) through a cleavable linker (8). A consolidated analysis of a phase I dose-escalation study (NCT02881138) and a parallel open-label phase Ib trial (NCT03052634) showed that HER2-positive breast cancer patients achieved an objective response rate (ORR) of 31.4%, along with a median progression-free survival (PFS) of 5.8 months (9, 10). DS-8201 is another ADC, featuring an anti-HER2 antibody linked to a cytotoxic topoisomerase I inhibitor through a cleavable tetrapeptide-based linker. As highlighted in the global phase 2 study DESTINY-Breast01, DS-8201 exhibited significant clinical efficacy in HER2-positive metastatic breast cancer patients who had received extensive prior therapies, including treatment with pertuzumab or T-DM1 (11). Despite the encouraging prospects of both RC48 and DS8201 in breast cancer management, existing literature lacks reports on the effectiveness of DS8201 following a failed RC48 regimen.

In this report, we describe a patient with HER2-positive breast cancer, characterized by pulmonary metastases, who exhibited resistance to RC48 treatment after undergoing a range of therapeutic interventions. These interventions included chemotherapy, radiation therapy, targeted therapies, and surgical intervention on the breast. Remarkably, the patient responded positively to a treatment regimen that included DS8201 and tislelizumab (Figure 1).

[image: Timeline of a breast cancer patient's treatment journey from April 2015 to October 2023. Key events include diagnosis, recurrence, and discovery of new cancer in April 2022. Treatments involve chemotherapy, targeted therapy, radiotherapy, endocrine therapy, immunotherapy, and multiple surgeries, with specific therapies detailed at each stage. The timeline shows progression, recurrences, and various therapeutic approaches over the years.]
Figure 1 | Patient’s Treatment Timeline.





Case presentation

In April 2015, a 42-year-old woman who has no family history of breast, ovarian or other cancers noticed bilateral breast asymmetry, minor enlargement of the left breast, and palpable enlargement of lymph nodes in the medial left breast. Subsequent pathological examination of a left breast aspirate revealed ER (+20%), PR (-), HER2 (3+), Ki-67 (+80%). The clinical diagnosis was grade III invasive ductal carcinoma of the left breast with axillary lymph node metastasis [TNM stage: T3N2acM0 (i+)] (Figures 2A, B). Following the diagnosis, the patient began a treatment regimen consisting of 4 cycles of EC regimen (epirubicin 100 mg/m2, Q21d and cyclophosphamide 600 mg/m2, Q21d), followed by 4 cycles of TH regimen (docetaxel 100 mg/m2, Q21d and trastuzumab, 8mg/kg on day1, then 6mg/kg Q21d), along with one year of trastuzumab-targeted therapy (6 mg/kg, Q21d). In June 2016, after declining a recommendation for radical mastectomy, she received radiation therapy targeting the left supraclavicular lymphatic drainage area and axillary lymph nodes (CTV: 25F/50Gy), as well as the left breast (CTV: 25F/50Gy). She also initiated endocrine therapy with a combination of goserelin (Zoladex 3.6mg, Q28d), a luteinizing hormone-releasing hormone analog, and anastrozole (1mg, QD), an aromatase inhibitor.
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Figure 2 | Histopathologic Examinations of the Primary Tumor Focus in the Left Breast and the Right Breast Before Operation. (A, B) HE-stained images of the primary tumor focus (100×). (C–E) HE-stained images of the tumor focus on the right breast (40×).

In July 2017, the patient experienced tumor recurrence in the left breast, leading to the initiation of 6 cycles of TH regimen (docetaxel 100 mg/m2, Q21d and trastuzumab 8mg/kg on day1, then 6mg/kg Q21d), along with another year of trastuzumab-targeted therapy (6 mg/kg, Q21d). In November 2017, she underwent a total left mastectomy with axillary lymph node dissection at Renmin Hospital of Wuhan University. Postoperative assessments, which included immunohistochemistry, revealed the following markers: E-Cad (+), ER (-), HER2 (3+), Ki-67 (+10%), P120 (+), P63 (-), and PR (-). After the surgery, she stopped the endocrine therapy and received a chemotherapy regimen combined with targeted therapy (capecitabine 1000 mg/m2, Bid, two consecutive weeks followed by a one-week break and pyrotinib 400mg, QD).

The onset of 2020 brought another recurrence in the left chest wall. Consequently, her treatment strategy was revised to include chemotherapy combined with targeted therapy, specifically albumin paclitaxel (260 mg/m2, Q21d), along with trastuzumab (8mg/kg on day1, then 6mg/kg Q21d) and pertuzumab (840mg on day1, then 420mg Q21d), for a total of six cycles. She then underwent radiation therapy targeting the left chest wall (CTV: 2Gy/33F/66Gy) and continued maintenance treatment with capecitabine (1000 mg/m2, Bid, two consecutive weeks followed by a one-week break) and pyrotinib (400mg, QD) post-radiotherapy.

In November 2021, the patient switched to an RC48 regimen (2.5mg/kg, Q14d) following a right breast aspiration biopsy that revealed tumor cells (Figures 2C–E). After six cycles, her treatment regimen was modified to RC48 (2.5mg/kg, Q14d) and apatinib (850mg, QD), which is a tyrosine kinase inhibitor that selectively inhibits the vascular endothelial growth factor receptor-2. On April 1, 2022, she underwent a mastectomy along with axillary lymph node dissection for right breast cancer. Histopathology revealed primary right breast cancer with axillary lymph node involvement (11/34), and immunohistochemistry showed the following markers: invasive carcinoma AR (+70%), CK5/6 (-), E-Cadherin (+), ER (-), HER2 (3+), Ki-67 (+60%), P120 (membrane+), P63 (-), PR (-). After the surgery, she began a treatment regimen comprising RC48 (2.5mg/kg, Q14d) and pertuzumab (420mg, Q21d).

Concurrent with her earlier treatments, the patient began experiencing coughing symptoms in December 2021. Despite receiving anti-infective treatment, the cough persisted. In September 2022, her respiratory symptoms worsened, leading to resting dyspnea. A subsequent ciliary bronchoscopy at our facility confirmed the presence of cancer cells (Figures 3A–C). A bronchial specimen biopsy was then conducted, and pathological results showed metastatic invasive carcinoma of the breast, thus clinically indicating breast cancer metastasis (Figures 3D, E). Immunohistochemistry results showed negative expression for programmed cell death ligand 1 (PD-L1), with a Combined Positive Score (CPS) of 0 (Figures 3F, G). CA125 level measured on October 10, 2022, was 96.2 U/ml. A chest CT scan from the same date showed carcinomatous lymphangitis in a lung lesion. Consequently, the treatment swith to the combination of DS8201 (200mg, q21d) and anti-PD-1 immunotherapy (tislelizumab 200mg, q21d).

[image: Seven-panel image showing microscopic views of various cell samples, labeled A to G. Panels A, B, and C display clusters of purple-stained cells. Panel D shows a mix of pink and purple-stained tissue structures. Panels E and F exhibit purple-stained cells with a more dispersed arrangement. Panel G displays faintly stained, scattered cells.]
Figure 3 | Brush Cytology, Histopathologic, and Immunohistochemical Examinations of Biopsy Tissue from Pulmonary Metastasis. (A–C) Light microscope images of brush cytology; cancer cells are visible (A, C: 200×; B:100). (D, E) HE-stained images of biopsy tissue from the pulmonary metastasis focus (40×). (F, G) PD-L1: Negative (F: 40×; G: 100×).

After two cycles of that treatment, a significant alleviation of the symptoms of resting dyspnea was observed. After five cycles, a comparative analysis with pre-treatment CT scans revealed a notable reduction in the size of multiple lung nodules and nodular foci and improved carcinomatous lymphangitis (Figure 4). On February 24, 2023, the level of CA125 was 32.9 U/ml, indicating a decrease compared to the previous measurement. The treatment efficacy was evaluated as a partial response (PR). The following adverse effects were observed during treatment and markedly relieved by symptomatic treatments: nausea, fatigue, vomiting, alopecia, constipation, and decreased appetite. No severe or life-threatening adverse events were reported. Unfortunately, after 12 cycles, the response was evaluated as PD. In October 2023, she began a chemotherapy regimen of gemcitabine (1000mg/m2, days 1 and 8 of a 21-day cycle) plus nedaplatin (80mg/m2, Q21d) and underwent genetic testing, which revealed the detection of two somatic mutations associated with targeted drugs, HER2 (amplification) and PIK3CA (exon 21, c.3140A > G, with alteration of protein p.H1047R), but no BRCA1 or BRCA 2 mutations. However, a deterioration in physical status and a severe lung infection were noted after 3 cycles. Regrettably, the patient passed away in late January 2024.

[image: Six medical CT scan images of a lung are shown in two rows. The top row is from October 10, 2022, and the bottom row is from February 26, 2023. Red arrows point to specific areas in each scan indicating changes or significant findings over time.]
Figure 4 | Comparative Chest CT Scans Conducted Before and After the Fifth DS8201 and Tislelizumab Treatment Regimen Cycle. Before: October 10, 2022, After: February 26, 2023.





Discussion

This report outlines the case of a young patient battling advanced pulmonary metastases stemming from HER2-amplified breast cancer. She has undergone a myriad of treatments for recurrent conditions throughout her illness, including chemotherapy, radiotherapy, targeted therapy, and surgery. Notably, she demonstrated a significant response to a treatment regimen that included DS8201 and tislelizumab, despite disease progression under RC48 and other therapies. To our knowledge, this represents a unique and unprecedented case in the literature on breast cancer.

Prior studies have revealed that the prognosis of breast cancer correlates with the expression levels of estrogen receptor (ER) and progesterone receptor (PR) (12). And just as several earlier studies have reported differences in ER and PR expression between primary tumors and recurrent or metastatic tumors, we noticed the loss of ER expression after recurrence in the left breast in this case (13, 14). Possible reasons for this phenomenon include technical problems with poor reproducibility of immunohistochemistry, tumor heterogeneity (15, 16). In addition, the patient had a PI3KCA mutation. Previous studies have indicated that the PI3K/AKT/mTOR pathway is associated with the maintenance of endocrine resistance (17). The loss of ER expression along side the PIK3CA mutation were likely significant factors that could have contributed to endocrine treatment resistance. And the data from a retrospective study demonstrated that in patients with early-stage breast cancer, after adjusting treatment according to receptor expression in recurrent/metastatic lesions, the majority of patients were maintained progression-free during the follow-up period (18).

HER2-positive tumors are intrinsically linked to poorer survival outcomes compared to cases characterized by estrogen receptor (ER)-positive, HER2-negative breast cancer. However, the past three decades have seen relentless research and development of anti-HER2 agents, leading to significantly improved prognoses for patients diagnosed with both early and advanced stages of HER2-positive breast cancer. Alternative therapeutic agents for HER2-positive breast cancer range from HER2-targeted monoclonal antibodies (such as trastuzumab and pertuzumab), HER2-targeted ADCs (like T-DM1 and DS8201), and small molecule tyrosine kinase inhibitors (including lapatinib, neratinib, pyrotinib and tucatinib). Regrettably, the primary guidelines, which recommend dual blockade with trastuzumab and pertuzumab as a first-line treatment followed by T-DM1 as a second-line treatment, have remained unchanged since 2012. Nevertheless, the landscape underwent a significant transformation after 2019, marked by an influx of clinical trials and subsequent approval of three novel agents: DS-8201, tucatinib, and neratinib. This development signals a promising shift in the therapeutic landscape (19). DS-8201, classified as an ADC, is particularly noteworthy.

ADCs constitute a complex fusion of monoclonal antibodies specific to tumor antigens, combined with stable chemical linkers—either cleavable or non-cleavable—and highly potent cytotoxic agents. The ADC-antigen complex is internalized upon binding to the target, primarily through clathrin-mediated endocytosis (20). This triggers a cascade of intracellular events, starting with forming an early endosome, which matures into a late endosome before undergoing lysosomal fusion. The fate of the ADC depends on the type of linker it possesses: cleavable linkers are subject to mechanisms such as hydrolysis, enzymatic cleavage by proteases, or reductive cleavage of disulfide bonds, primarily within the cytoplasm, thereby bypassing lysosomal transport. Conversely, ADCs with non-cleavable linkers require complete proteolytic degradation within the lysosome.

After its intracellular release, the cytotoxic component induces cell death through mechanisms like DNA intercalation or inhibition of microtubule polymerization. This triggers a series of events within the cellular environment, potentially including the bystander killing of adjacent tumor cells and stromal tissue, which may have absorbed the drug through diffusion, depending on the hydrophobic properties of the cytotoxic payload (21). Moreover, ADCs play a crucial role in activating complement systems and facilitating the influx of immune effector cells at the tumor site, using various strategies like complement-dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC), or antibody-dependent cellular phagocytosis (ADCP) (22). For example, T-DM1 has shown efficacy in increasing the population of tumor-infiltrating lymphocytes within primary human breast cancers and promoting effector T-cell infiltration in murine breast tumors (23).

As of March 2023, the FDA has globally approved 15 ADC medications. Notably, T-DM1 and DS8201 have received FDA approval for managing HER2-positive breast cancer, as supported by the results of the EMILIA, KATHERINE, and DESTINY-Breast01 clinical trials (11, 24, 25). Specifically, T-DM1 is approved for treating previously treated HER2-positive metastatic breast cancer. At the same time, DS8201 received expedited FDA approval for patients with unresectable or metastatic HER2-positive breast cancer who have undergone at least two anti-HER2-based treatment regimens in a metastatic setting, aligning closely with the current case under discussion. Additionally, DS8201 is approved for treating adult patients with locally advanced or metastatic HER2-positive gastric or gastroesophageal junction cancer (GC/GEJC), provided they have received prior trastuzumab-based therapy. The striking response of a patient with metastatic HER2-amplified and L755S-mutated breast cancer to T-DM1 and DS8201, after showing resistance to other HER2-targeted drugs, exemplifies the specific anticancer potential of anti-HER2 ADCs (26).

Numerous clinical studies have demonstrated the efficacy of RC48 in treating patients with either locally advanced or metastatic HER2-overexpressing gastric cancer, including adenocarcinoma of the gastroesophageal junction, following a minimum of two systemic chemotherapy courses (27–29). It is also effective for those with advanced or metastatic uroepithelial cancer who have previously received platinum-containing chemotherapy and have shown HER2 overexpression of either 2+ or 3+ on immunohistochemistry (29, 30). In June 2021, China’s Center for Drug Evaluation designated RC48 as a breakthrough therapy for HER2-positive individuals with metastatic breast cancer (MBC) with advanced liver metastases who had undergone treatment with trastuzumab and paclitaxel. Subgroup analyses from two studies published by the American Society of Clinical Oncology outline the benefits of RC48 treatment, regardless of the presence of HER2 gene mutations or fusions (31). In one specific case, a patient with stage IV (cT4N3M1) hormone receptor (HR)-positive and HER2-positive invasive ductal carcinoma, who presented with systemic metastases including the brain, underwent 26 cycles of initial anti-HER2 targeted therapy along with chemotherapy. After experiencing disease progression, the patient received four cycles of second-line therapy (trastuzumab + piritinib + capecitabine), which unfortunately led to further disease progression. The patient then received 12 cycles of RC48 as the third-line therapy, which resulted in significant benefit without severe adverse effects and extended overall survival beyond three years (32). Therefore, advanced breast cancer patients stand to benefit from RC48 therapy. Ongoing clinical trials are further investigating the role of RC48 in the therapeutic landscape of breast cancer. As a result, it appears reasonable to hypothesize that RC48 could play a significant role in achieving remission in patients with HER2-positive breast cancer, even though its current indication does not include breast cancer.

The mechanisms underlying resistance to anti-HER2 ADCs are diverse, as elucidated through studies focusing on T-DM1 and DS8201. Firstly, resistance may arise from reduced HER2 levels or structural changes in the receptor (33, 34). Secondly, altered HER2 internalization processes can also contribute to resistance. Specifically, the endomorphin A2 protein aids in internalizing complexes formed post-HER2 binding by anti-HER2 ADCs, ultimately leading to endosome formation. Notably, silencing this protein in HER2-positive cells has inhibited HER2 internalization, reducing responsiveness to agents like trastuzumab and T-DM1 (35). Additionally, the ubiquitination and subsequent transport of HER2 to lysosomes could be modified due to its relationship with the chaperone protein HSP90. The combined action of 17-AAG-mediated HSP90 inhibition and trastuzumab enhances HER2 endocytosis into lysosomes, promoting further degradation within these organelles (36). Moreover, an increased recycling rate of endosomes containing HER2 back to the plasma membrane could limit the delivery of T-DM1 to the lysosome, thus restricting its intracellular release. This could be attributed to the rapid recycling rate of HER2 observed following trastuzumab binding (37). Thirdly, resistance might occur due to changes in lysosomal functions (38). The efficient transport of anti-HER2 ADCs to lysosomes and their subsequent processing by lysosomal enzymes are crucial for liberating the attached payloads. Lysosomes are intrinsically acidic and contain proteolytic capabilities regulated by the vacuolar proton pump H+-ATPase (V-ATPase), crucial in maintaining lysosomal pH. Fourthly, resistance could emerge from increased expression and functionality of plasma membrane drug efflux pumps, a mechanism widely studied in the realm of chemotherapy resistance. Regarding T-DM1, it has been found that specific ABC family pumps can eject the compound Lys-MCC-DM1 into the extracellular environment, thereby preventing its interaction with tubulin (39). Furthermore, attention should be given to protein modifications integral to signaling pathways. Variations in the expression of cyclin B1, polo-like kinase 1 (PLK1), and PTEN, among others, have been suggested to induce drug resistance to T-DM1 (40–42). Concurrently, SLX4 loss-of-function mutations have been implicated in resistance to DS8201 (43).

In this case, the patient resisted RC48 but responded positively to DS8201 with a tislelizumab regimen. Approximately 60% of HER2-negative metastatic breast cancers display low levels of HER2, as indicated by an immunohistochemical (IHC) score of either 1+ or 2+, along with negative in situ hybridization (ISH) results (44, 45). Unfortunately, current HER2-targeted therapies have not improved clinical outcomes for patients with this subtype, leaving them with limited targeted therapy options following the progression of primary treatment and mainly relegating them to single-agent palliative chemotherapy (46).

First-generation ADCs like T-DM1 use non-cleavable linkers to attach the cytotoxic payload to the antibody, thereby preventing its release into the extracellular space. This approach is highly effective against cells with elevated HER2 expression but has limited efficacy against those with low to moderate HER2 levels. Conversely, second-generation ADCs, including DS8201 and RC48, employ cleavable linkers, allowing for partial payload release into the extracellular space and thereby affecting cells that do not overexpress HER2 (47). Clinical trials support this notion; the DESTINY-Breast04 and Daisy studies showed favorable outcomes using DS8201 in treating patients with low HER2-expressing breast cancer and even in those with HER2–0 breast cancer (47, 48). However, T-DM1’s efficacy is constrained in these low-HER2 cases (33, 49).

A distinct advantage of RC48-ADC is its elevated cytotoxicity at low concentrations. The valine-citrulline (VC) linker used in RC48 is stable and undergoes cleavage by histone proteases only upon endocytosis into lysosomes, subsequently liberating the payload to destroy target cancer cells (50). Additionally, the HER2 antibodies in T-DM1 and DS8201 are derivatives of trastuzumab, whereas RC48 employs hertuzumab. Optimized for screening, hertuzumab shows a higher affinity for HER2 targets than trastuzumab, potentially making it more effective against cancers with low or fluctuating HER2 expression levels. In comparison to other HER2-ADC medications, RC-48 demonstrates superior endocytosis, irrespective of V-ATPase activity, and lacks lysosomal resistance (8).

In light of the available evidence, we hypothesize that the patient’s observed resistance to RC-48 primarily stems from increased expression and activity of plasma membrane drug efflux pumps and changes in other genetic and protein components. However, we cannot entirely rule out other potential mechanisms of resistance.

In a similar case, a 67-year-old male with HER2-positive metastatic parotid gland carcinoma was documented. The patient experienced disease progression following a parotidectomy, complemented by adjuvant cisplatin-based chemoradiation, neratinib, and T-DM1. Upon progression on this last HER2-targeted therapy, he showed a complete response to DS8201, which has been sustained for the past seven months (51). Regardless of prior treatment with either RC48 or T-DM1, patients in both cases responded favorably to DS8201. This is consistent with findings from the DESTINY-Breast01 clinical trial, where DS8201 exhibited durable anti-tumor activity in patients with HER2-positive metastatic breast cancer who were previously treated with ADCs. Therefore, considering DS8201 as a subsequent line of therapy for such individuals may be highly beneficial.

A recent case report reported that combined therapy with the RC48 and zibelizumab (a PD-1 inhibitor) achieved successful control of recurrent HER2-positive breast cancer resistant to trastuzumab (52). Moreover, according to the results of former studies, regardless of the PD-L1 expression status, the application of PD-1 monotherapy or the combination of PD-1/PD-L1 inhibitors with chemotherapy can benefit the patients (53, 54). Alongside DS8201, our patient underwent empirical treatment with tislelizumab, a humanized IgG4 anti-PD-1 monoclonal antibody, despite PD-L1 negativity in bronchial specimen biopsy results. Current research highlights that ADCs can enhance anti-tumor immune responses, thus improving the effectiveness of combination therapies. For example, Iwata et al. demonstrated that the combined use of DS8201 and anti-PD-1 antibodies exceeded the efficacy of either treatment alone, possibly due to enhanced T-cell activity and upregulated PD-L1 expression facilitated by DS8201 (55). Similarly, Müller et al. noted the superior efficacy of combining T-DM1 with anti-CTLA-4/anti-PD-1 therapy over monotherapies, attributing this to the potentiation of both innate and adaptive immune responses (56). Studies have also shown that U3–1402, an ADC targeting HER3, amplifies functionalities and infiltration of innate and adaptive immune cells, thereby sensitizing tumors to immunotherapies. Furthermore, preclinical mouse model studies indicated that ADCs could upregulate PD-1 in CD8 T cells and PD-L1 in tumor cells/tumor-associated macrophages, along with increasing tumor-infiltrating lymphocytes, compared to drug controls (23). Therefore, combining ADCs with immunotherapy may inhibit upregulated immunosuppressive pathways, further enhancing tumor control.

In this case, the patient was switched to another ADC drug DS8201 treatment after RC48 resistance, and the two were connected with different cytotoxic agents to avoid cross-resistance. In addition, combined with tislelizumab immunotherapy increased the anti-tumor efficacy to the patient. However, we need to consider that patients may have a decrease in drug effectiveness and an increase in toxic side effects after multiline drug administration. Further studies should be conducted to explore the efficacy and safety of treatment with an alternative ADC drug after ADC drug resistance.





Conclusion

In conclusion, this case highlights a remarkable response to a DS8201 and tislelizumab regimen in the context of advanced HER2-positive lung metastasis originating from breast cancer previously treated with RC48. The findings offer preliminary evidence underscoring the potential role of DS8201 in managing advanced HER2-amplified lung metastases from breast cancer, particularly in cases that have progressed after initial HER2-targeted therapies. Moreover, combining DS8201 with anti-PD-1 agents could further boost the tumor immune response, enhancing therapeutic efficacy.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by the Institutional Ethics Committee of the Faculty of Medicine at Renmin Hospital of Wuhan University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

YL: Writing – original draft. JZ: Writing – original draft. FZ: Writing – original draft. JL: Writing – review & editing. XL: Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This investigation was financially supported by the Natural Science Foundation of Hubei Province under grant numbers 2019CFB721; the Health and Family Planning Commission of Hubei Province under grant numbers WJ2017M027; the Cisco hausen Cancer Research Foundation under grant number Y-HS202101-0079; the Interdisciplinary Innovative Talents Foundation from Renmin Hospital of Wuhan University under grant number JCRCWL-2022-003; the Research Foundation on Cutting-edge Cancer Supportive Care under grant number cphcf-2022-146; the Key Research and Development Project of Hubei Province’s Technical Innovation Plan under grant number 2023BCB020.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References
	1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492
	2. Akram, M, Iqbal, M, Daniyal, M, and Khan, AU. Awareness and current knowledge of breast cancer. Biol Res. (2017) 50:33. doi: 10.1186/s40659-017-0140-9
	3. Ross, JS, Slodkowska, EA, Symmans, WF, Pusztai, L, Ravdin, PM, and Hortobagyi, GN. The HER-2 receptor and breast cancer: ten years of targeted anti-HER-2 therapy and personalized medicine. Oncologist. (2009) 14:320–68. doi: 10.1634/theoncologist.2008-0230
	4. Slamon, DJ, Clark, GM, Wong, SG, Levin, WJ, Ullrich, A, and McGuire, WL. Human breast cancer: correlation of relapse and survival with amplification of the HER-2/neu oncogene. Science. (1987) 235:177–82. doi: 10.1126/science.3798106
	5. Chavez-MacGregor, M, Mittendorf, EA, Clarke, CA, Lichtensztajn, DY, Hunt, KK, and Giordano, SH. Incorporating tumor characteristics to the american joint committee on cancer breast cancer staging system. Oncologist. (2017) 22:1292–300. doi: 10.1634/theoncologist.2017-0116
	6. Hurvitz, SA, Hegg, R, Chung, WP, Im, SA, Jacot, W, Ganju, V, et al. Trastuzumab deruxtecan versus trastuzumab emtansine in patients with HER2-positive metastatic breast cancer: updated results from DESTINY-Breast03, a randomised, open-label, phase 3 trial. Lancet. (2023) 401:105–17. doi: 10.1016/S0140-6736(22)02420-5
	7. Pernas, S, and Tolaney, SM. Clinical trial data and emerging strategies: HER2-positive breast cancer. Breast Cancer Res Treat. (2022) 193:281–91. doi: 10.1007/s10549-022-06575-7
	8. Shi, F, Liu, Y, Zhou, X, Shen, P, Xue, R, and Zhang, M. Disitamab vedotin: a novel antibody-drug conjugates for cancer therapy. Drug Deliv. (2022) 29:1335–44. doi: 10.1080/10717544.2022.2069883
	9. Cullinane, C, Fleming, C, O'Leary, DP, Hassan, F, Kelly, L, O'Sullivan, MJ, et al. Association of circulating tumor DNA with disease-free survival in breast cancer: A systematic review and meta-analysis. JAMA Netw Open. (2020) 3:e2026921. doi: 10.1001/jamanetworkopen.2020.26921
	10. Modi, ND, Sorich, MJ, Rowland, A, McKinnon, RA, Koczwara, B, Wiese, MD, et al. Predicting thrombocytopenia in patients with breast cancer treated with ado-trastuzumab emtansine. Clin Breast Cancer. (2020) 20:e220–e8. doi: 10.1016/j.clbc.2019.10.001
	11. Modi, S, Saura, C, Yamashita, T, Park, YH, Kim, SB, Tamura, K, et al. Trastuzumab deruxtecan in previously treated HER2-positive breast cancer. N Engl J Med. (2020) 382:610–21. doi: 10.1056/NEJMoa1914510
	12. Kutomi, G, Mizuguchi, T, Satomi, F, Maeda, H, Shima, H, Kimura, Y, et al. Current status of the prognostic molecular biomarkers in breast cancer: A systematic review. Oncol Lett. (2017) 13:1491–8. doi: 10.3892/ol.2017.5609
	13. Berghuis, AMS, van Deurzen, CHM, Koffijberg, H, Terstappen, L, Sleijfer, S, and MJ, IJ. Real-world data on discordance between estrogen, progesterone, and HER2 receptor expression on diagnostic tumor biopsy versus tumor resection material. Breast Cancer Res Treat. (2019) 175:451–8. doi: 10.1007/s10549-019-05141-y
	14. Matsumoto, A, Jinno, H, Murata, T, Seki, T, Takahashi, M, Hayashida, T, et al. Prognostic implications of receptor discordance between primary and recurrent breast cancer. Int J Clin Oncol. (2015) 20:701–8. doi: 10.1007/s10147-014-0759-2
	15. Aurilio, G, Disalvatore, D, Pruneri, G, Bagnardi, V, Viale, G, Curigliano, G, et al. A meta-analysis of oestrogen receptor, progesterone receptor and human epidermal growth factor receptor 2 discordance between primary breast cancer and metastases. Eur J Cancer. (2014) 50:277–89. doi: 10.1016/j.ejca.2013.10.004
	16. Turner, KM, Yeo, SK, Holm, TM, Shaughnessy, E, and Guan, JL. Heterogeneity within molecular subtypes of breast cancer. Am J Physiol Cell Physiol. (2021) 321:C343–c54. doi: 10.1152/ajpcell.00109.2021
	17. Nunnery, SE, and Mayer, IA. Targeting the PI3K/AKT/mTOR pathway in hormone-positive breast cancer. Drugs. (2020) 80:1685–97. doi: 10.1007/s40265-020-01394-w
	18. Peng, L, Zhang, Z, Zhao, D, Zhao, J, Mao, F, and Sun, Q. Discordance in ER, PR, HER2, and ki-67 expression between primary and recurrent/metastatic lesions in patients with primary early stage breast cancer and the clinical significance: retrospective analysis of 75 cases. Pathol Oncol Res. (2021) 27:599894. doi: 10.3389/pore.2021.599894
	19. Cesca, MG, Vian, L, Cristóvão-Ferreira, S, Pondé, N, and de Azambuja, E. HER2-positive advanced breast cancer treatment in 2020. Cancer Treat Rev. (2020) 88:102033. doi: 10.1016/j.ctrv.2020.102033
	20. Kalim, M, Chen, J, Wang, S, Lin, C, Ullah, S, Liang, K, et al. Intracellular trafficking of new anticancer therapeutics: antibody-drug conjugates. Drug Des Devel Ther. (2017) 11:2265–76. doi: 10.2147/DDDT
	21. Li, F, Emmerton, KK, Jonas, M, Zhang, X, Miyamoto, JB, Setter, JR, et al. Intracellular released payload influences potency and bystander-killing effects of antibody-drug conjugates in preclinical models. Cancer Res. (2016) 76:2710–9. doi: 10.1158/0008-5472.CAN-15-1795
	22. Khera, E, and Thurber, GM. Pharmacokinetic and immunological considerations for expanding the therapeutic window of next-generation antibody-drug conjugates. BioDrugs. (2018) 32:465–80. doi: 10.1007/s40259-018-0302-5
	23. Müller, P, Kreuzaler, M, Khan, T, Thommen, DS, Martin, K, Glatz, K, et al. Trastuzumab emtansine (T-DM1) renders HER2+ breast cancer highly susceptible to CTLA-4/PD-1 blockade. Sci Transl Med. (2015) 7:315ra188. doi: 10.1126/scitranslmed.aac4925
	24. Verma, S, Miles, D, Gianni, L, Krop, IE, Welslau, M, Baselga, J, et al. Trastuzumab emtansine for HER2-positive advanced breast cancer. N Engl J Med. (2012) 367:1783–91. doi: 10.1056/NEJMoa1209124
	25. von Minckwitz, G, Huang, CS, Mano, MS, Loibl, S, Mamounas, EP, Untch, M, et al. Trastuzumab emtansine for residual invasive HER2-positive breast cancer. N Engl J Med. (2019) 380:617–28. doi: 10.1056/NEJMoa1814017
	26. Mukohara, T, Hosono, A, Mimaki, S, Nakayama, A, Kusuhara, S, Funasaka, C, et al. Effects of ado-trastuzumab emtansine and fam-trastuzumab deruxtecan on metastatic breast cancer harboring HER2 amplification and the L755S mutation. Oncologist. (2021) 26:635–9. doi: 10.1002/onco.13715
	27. Wang, Y, Gong, J, Wang, A, Wei, J, Peng, Z, Wang, X, et al. Disitamab vedotin (RC48) plus toripalimab for HER2-expressing advanced gastric or gastroesophageal junction and other solid tumours: a multicentre, open label, dose escalation and expansion phase 1 trial. EClinicalMedicine. (2024) 68:102415. doi: 10.1016/j.eclinm.2023.102415
	28. Nie, C, Xu, W, Guo, Y, Gao, X, Lv, H, Chen, B, et al. Immune checkpoint inhibitors enhanced the antitumor efficacy of disitamab vedotin for patients with HER2-positive or HER2-low advanced or metastatic gastric cancer: a multicenter real-world study. BMC Cancer. (2023) 23:1239. doi: 10.1186/s12885-023-11735-z
	29. Peng, Z, Liu, T, Wei, J, Wang, A, He, Y, Yang, L, et al. Efficacy and safety of a novel anti-HER2 therapeutic antibody RC48 in patients with HER2-overexpressing, locally advanced or metastatic gastric or gastroesophageal junction cancer: a single-arm phase II study. Cancer Commun (Lond). (2021) 41:1173–82. doi: 10.1002/cac2.12214
	30. Sheng, X, Yan, X, Wang, L, Shi, Y, Yao, X, Luo, H, et al. Open-label, multicenter, phase II study of RC48-ADC, a HER2-targeting antibody-drug conjugate, in patients with locally advanced or metastatic urothelial carcinoma. Clin Cancer Res. (2021) 27:43–51. doi: 10.1158/1078-0432.CCR-20-2488
	31. Wang, J, Liu, Y, Zhang, Q, Feng, J, Fang, J, Chen, X, et al. RC48-ADC, a HER2-targeting antibody-drug conjugate, in patients with HER2-positive and HER2-low expressing advanced or metastatic breast cancer: a pooled analysis of two studies. Wolters Kluwer Health. (2021) 39:1022–1022. doi: 10.1200/JCO.2021.39.15_suppl.1022
	32. Wu, Q, He, L, Luo, J, Jin, W, Xu, Y, and Wang, C. Long-term remission under Disitamab Vedotin (RC48) in HR-positive/HER2-positive metastatic breast cancer with brain meningeal, and bone marrow involvement: A case report. Oncol Lett. (2022) 24:339. doi: 10.3892/ol
	33. Burris, HA 3rd, Rugo, HS, Vukelja, SJ, Vogel, CL, Borson, RA, Limentani, S, et al. Phase II study of the antibody drug conjugate trastuzumab-DM1 for the treatment of human epidermal growth factor receptor 2 (HER2)-positive breast cancer after prior HER2-directed therapy. J Clin Oncol. (2011) 29:398–405. doi: 10.1200/JCO.2010.29.5865
	34. LoRusso, PM, Weiss, D, Guardino, E, Girish, S, and Sliwkowski, MX. Trastuzumab emtansine: a unique antibody-drug conjugate in development for human epidermal growth factor receptor 2-positive cancer. Clin Cancer Res. (2011) 17:6437–47. doi: 10.1158/1078-0432.CCR-11-0762
	35. Baldassarre, T, Truesdell, P, and Craig, AW. Endophilin A2 promotes HER2 internalization and sensitivity to trastuzumab-based therapy in HER2-positive breast cancers. Breast Cancer Res. (2017) 19:110. doi: 10.1186/s13058-017-0900-z
	36. Raja, SM, Clubb, RJ, Bhattacharyya, M, Dimri, M, Cheng, H, Pan, W, et al. A combination of Trastuzumab and 17-AAG induces enhanced ubiquitinylation and lysosomal pathway-dependent ErbB2 degradation and cytotoxicity in ErbB2-overexpressing breast cancer cells. Cancer Biol Ther. (2008) 7:1630–40. doi: 10.4161/cbt.7.10.6585
	37. Austin, CD, De Mazière, AM, Pisacane, PI, van Dijk, SM, Eigenbrot, C, Sliwkowski, MX, et al. Endocytosis and sorting of ErbB2 and the site of action of cancer therapeutics trastuzumab and geldanamycin. Mol Biol Cell. (2004) 15:5268–82. doi: 10.1091/mbc.e04-07-0591
	38. Ríos-Luci, C, García-Alonso, S, Díaz-Rodríguez, E, Nadal-Serrano, M, Arribas, J, Ocaña, A, et al. Resistance to the antibody-drug conjugate T-DM1 is based in a reduction in lysosomal proteolytic activity. Cancer Res. (2017) 77:4639–51. doi: 10.1158/0008-5472.Can-16-3127
	39. Robey, RW, Pluchino, KM, Hall, MD, Fojo, AT, Bates, SE, and Gottesman, MM. Revisiting the role of ABC transporters in multidrug-resistant cancer. Nat Rev Cancer. (2018) 18:452–64. doi: 10.1038/s41568-018-0005-8
	40. Sabbaghi, M, Gil-Gómez, G, Guardia, C, Servitja, S, Arpí, O, García-Alonso, S, et al. Defective cyclin B1 induction in trastuzumab-emtansine (T-DM1) acquired resistance in HER2-positive breast cancer. Clin Cancer Res. (2017) 23:7006–19. doi: 10.1158/1078-0432.CCR-17-0696
	41. Saatci, Ö, Borgoni, S, Akbulut, Ö, Durmuş, S, Raza, U, Eyüpoğlu, E, et al. Targeting PLK1 overcomes T-DM1 resistance via CDK1-dependent phosphorylation and inactivation of Bcl-2/xL in HER2-positive breast cancer. Oncogene. (2018) 37:2251–69. doi: 10.1038/s41388-017-0108-9
	42. Aghazadeh, S, and Yazdanparast, R. Activation of STAT3/HIF-1α/Hes-1 axis promotes trastuzumab resistance in HER2-overexpressing breast cancer cells via down-regulation of PTEN. Biochim Biophys Acta Gen Subj. (2017) 1861:1970–80. doi: 10.1016/j.bbagen.2017.05.009
	43. Mosele, M, Lusque, A, Dieras, V, Deluche, E, Ducoulombier, A, Pistilli, B, et al. LBA1 Unraveling the mechanism of action and resistance to trastuzumab deruxtecan (T-DXd): Biomarker analyses from patients from DAISY trial. Ann Oncol. (2022) 33:S123. doi: 10.1016/j.annonc.2022.03.277
	44. Schettini, F, Chic, N, Brasó-Maristany, F, Paré, L, Pascual, T, Conte, B, et al. Clinical, pathological, and PAM50 gene expression features of HER2-low breast cancer. NPJ Breast Cancer. (2021) 7:1. doi: 10.1038/s41523-020-00208-2
	45. Tarantino, P, Hamilton, E, Tolaney, SM, Cortes, J, Morganti, S, Ferraro, E, et al. HER2-low breast cancer: pathological and clinical landscape. J Clin Oncol. (2020) 38:1951–62. doi: 10.1200/JCO.19.02488
	46. Fehrenbacher, L, Cecchini, RS, Geyer, CE Jr., Rastogi, P, Costantino, JP, Atkins, JN, et al. NSABP B-47/NRG oncology phase III randomized trial comparing adjuvant chemotherapy with or without trastuzumab in high-risk invasive breast cancer negative for HER2 by FISH and with IHC 1+ or 2. J Clin Oncol. (2020) 38:444–53. doi: 10.1200/JCO.19.01455
	47. García-Alonso, S, Ocaña, A, and Pandiella, A. Resistance to antibody-drug conjugates. Cancer Res. (2018) 78:2159–65. doi: 10.1158/0008-5472.Can-17-3671
	48. Diéras, V, Deluche, E, Lusque, A, Pistilli, B, Bachelot, T, Pierga, J, et al. Trastuzumab deruxtecan (T-DXd) for advanced breast cancer patients (ABC), regardless HER2 status: A phase II study with biomarkers analysis (DAISY). San Antonio, Texas, USA: San Antonio Breast Cancer Symposium (2021).
	49. Krop, I, LoRusso, P, Miller, K, Modi, S, Yardley, D, Rodriguez, G, et al. A phase 2 study of the HER2 antibody-drug conjugate trastuzumab-DM1 (T-DM1) in patients (pts) with HER2-positive metastatic breast cancer (MBC) previously treated with trastuzumab, lapatinib, and chemotherapy. GREAT CLARENDON ST, OXFORD OX2 6DP, ENGLAND: Oxford Univ Press (2010).
	50. Bargh, JD, Isidro-Llobet, A, Parker, JS, and Spring, DR. Cleavable linkers in antibody-drug conjugates. Chem Soc Rev. (2019) 48:4361–74. doi: 10.1039/C8CS00676H
	51. Shukla, ND, Chiang, RS, and Colevas, AD. Metastatic parotid gland carcinoma with ERBB2 amplification with complete response to fam-trastuzumab deruxtecan. J Natl Compr Canc Netw. (2022) 20:102–4. doi: 10.6004/jnccn.2021.7089
	52. Fan, S, He, L, and Sang, D. Combination therapy with antibody-drug conjugate RC48 (disitamab vedotin) and zimberelimab (PD-1 inhibitor) successfully controlled recurrent HER2-positive breast cancer resistant to trastuzumab emtansine: A case report. Oncol Lett. (2023) 26:1–6. doi: 10.3892/ol
	53. Gadgeel, SM, Rodríguez-Abreu, D, Halmos, B, Garassino, MC, Kurata, T, Cheng, Y, et al. Pembrolizumab plus chemotherapy for metastatic non-small-cell lung cancer with programmed cell death ligand 1 tumor proportion score less than 1%: pooled analysis of outcomes after 5 years of follow-up. J Thorac Oncol. (2024). doi: 10.1016/j.jtho.2024.04.011
	54. Brahmer, JR, Lee, JS, Ciuleanu, TE, Bernabe Caro, R, Nishio, M, Urban, L, et al. Five-year survival outcomes with nivolumab plus ipilimumab versus chemotherapy as first-line treatment for metastatic non-small-cell lung cancer in checkMate 227. J Clin Oncol. (2023) 41:1200–12. doi: 10.1200/JCO.22.01503
	55. Iwata, TN, Ishii, C, Ishida, S, Ogitani, Y, Wada, T, and Agatsuma, T. A HER2-targeting antibody-drug conjugate, trastuzumab deruxtecan (DS-8201a), enhances antitumor immunity in a mouse model. . Mol Cancer Ther. (2018) 17:1494–503. doi: 10.1158/1535-7163.MCT-17-0749
	56. Haratani, K, Yonesaka, K, Takamura, S, Maenishi, O, Kato, R, Takegawa, N, et al. U3–1402 sensitizes HER3-expressing tumors to PD-1 blockade by immune activation. J Clin Invest. (2020) 130:374–88. doi: 10.1172/jci126598




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Lan, Zhao, Zhao, Li and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




CASE REPORT

published: 16 August 2024

doi: 10.3389/fonc.2024.1419246

[image: image2]


Expanding treatment options for patients with HER2+ metastatic breast cancer with margetuximab plus chemotherapy: a case report series


Reshma Mahtani 1,2,3*, Natasha Harpalani 2, Fengting Yan 4,5, Kristen Phiel 6 and Iuliia Kovalenko 7


1 Miami Cancer Institute – Medical Oncology, Baptist Health South Florida, Miami, FL, United States, 2 Miami Cancer Institute, Baptist Hospital of Miami, Miami, FL, United States, 3 Memorial Sloan Kettering Cancer Alliance, Miami Cancer Institute, Miami, FL, United States, 4 Breast Medical Oncology, Swedish Cancer Institute, Seattle, WA, United States, 5 First Hill - True Family Women’s Cancer Center, Swedish Health Services, Seattle, WA, United States, 6 Eversana, Amherst, MA, United States, 7 Internal Medicine, University of Pittsburgh Medical Center (UPMC) Harrisburg, Harrisburg, PA, United States




Edited by: 

Dirk Geerts, University of Amsterdam, Netherlands

Reviewed by: 

Dharmendra Kumar Yadav, Gachon University, Republic of Korea

Desh Deepak Singh, Amity University Jaipur, India

*Correspondence: 

Reshma Mahtani
 reshma.mahtani@baptisthealth.net


Received: 17 April 2024

Accepted: 24 July 2024

Published: 16 August 2024

Citation:
Mahtani R, Harpalani N, Yan F, Phiel K and Kovalenko I (2024) Expanding treatment options for patients with HER2+ metastatic breast cancer with margetuximab plus chemotherapy: a case report series. Front. Oncol. 14:1419246. doi: 10.3389/fonc.2024.1419246






Background

Human epidermal growth factor receptor 2 protein (HER2)-positive (+) metastatic breast cancer (MBC) is an aggressive disease and patients often undergo multiple lines of therapy following HER2 targeted therapies. The most recent National Comprehensive Cancer Network (NCCN) guidelines recommend margetuximab plus chemotherapy as fourth-line or later therapy for HER2+/hormone receptor (HR) + or negative (–) MBC. The aim of this case series is to provide information regarding margetuximab utilization in clinical practice as later-line therapy in women with HER2+ MBC.





Case summaries

Margetuximab plus chemotherapy was used as fourth- or later-line treatment in patients who had received multiple HER2-targeted agents, including trastuzumab, pertuzumab, ado-trastuzumab emtansine, trastuzumab deruxtecan, tucatinib, and neratinib. Patients responded to margetuximab plus chemotherapy with real-world progression-free survival (PFS) of 3, 4, and 7 months.





Conclusion

Clinical outcomes from three heavily pretreated patients with metastatic HER2+/HR+ MBC demonstrated that margetuximab plus chemotherapy resulted in real-world PFS comparable to that reported in the controlled pivotal clinical trial and support use of this targeted therapy option in appropriately identified patients.
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Introduction

Human epidermal growth factor receptor 2 (HER2)-positive (+) breast cancer (BC) is a subtype of breast cancer where amplification of the HER2 gene results in HER2 receptor overexpression, which is a major driver of tumor development and progression (1). HER2+ BC accounts for approximately 14% of total BC cases in the United States; it is highly aggressive and has a high associated risk for mortality (2–4). Overall, patients with HER2+ BC have a poor prognosis. The 5-year survivals in patients with HER2+/hormone receptor (HR) + and HER2+/HR negative (–) metastatic (M) BC are 45.6% and 39.5%, respectively (2). Management of patients with HER2+ BC was revolutionized by the advent of trastuzumab, a monoclonal antibody (mAb) targeting HER2 (5). Chemotherapy in combination with trastuzumab (+/- pertuzumab) is routinely utilized in the (neo)adjuvant setting for patients with early-stage HER2+ BC. Dual HER2 blockade with trastuzumab and pertuzumab has become part of the standard of care for women with stage II and III HER2+ BC (6–8). Nevertheless, approximately 30% of patients still experience recurrence or metastasis despite receiving treatment in the early-stage setting (9). The combination of trastuzumab plus pertuzumab and chemotherapy is a preferred first-line treatment for HER2+ MBC (10–12), but ultimately most patients experience progression of disease on this therapy (13). In fact, patients with HER2+ MBC generally go on to receive multiple lines of therapy and, with rare exceptions, HER2+ MBC remains incurable, highlighting the need for additional treatment options (14, 15).

The high rate of disease progression despite HER2-targeted therapy with trastuzumab has prompted continued development of biologics and small molecules targeting HER2 (16, 17). Fragment crystallizable (Fc)-engineering strategies have been used to customize mAbs, enhancing their cytotoxic and antitumor potencies; margetuximab was developed using this technology (18). Results from the phase 3 SOPHIA trial showed that the combination of margetuximab with chemotherapy in patients with HER2+ unresectable or MBC previously treated with HER2-directed therapies was significantly superior to trastuzumab plus chemotherapy for extending progression-free survival (PFS) (19). Median overall survival (OS) was similar to trastuzumab (20). Results from this trial supported the indication for margetuximab in combination with chemotherapy for the treatment of adult patients with HER2+ MBC who have received two or more prior anti-HER2 regimens, at least one of which was for metastatic disease (21).

Additionally, pharmacogenomic targeting in HER2+ MBC may improve outcomes for patients carrying the CD16A-F allele for the Fc-gamma receptor due to the increased affinity of margetuximab for this allele over trastuzumab. In a preplanned, exploratory analysis of SOPHIA, the margetuximab-based regimen was superior to trastuzumab plus chemotherapy in prolonging overall survival (OS) in patients with the CD16A-158FF genotype (21). The MARGOT trial (NCT04425018) is currently evaluating the role of personalized treatment of stage II-III HER2+ BC in patients with the FF or FV CD16A genotype with paclitaxel plus margetuximab and pertuzumab vs paclitaxel plus trastuzumab and pertuzumab (22).

Despite the demonstrated improvement in PFS, a favorable risk-benefit profile (20, 21, 23), and the inclusion in the NCCN guidelines for use as fourth-line or later therapy for HER2+/HR+ or – MBC (12), margetuximab plus chemotherapy may remain underutilized in clinical practice (23). This may be due to the increasing number of later-line options for the treatment of HER2+ MBC (12) and uncertainty regarding best use of margetuximab in clinical practice. The aim of the three cases presented here is to describe margetuximab use as later-line therapy for HER2+ MBC in real-world clinical practice. All patient cases have been deidentified to protect patients’ and their families’ privacy.





Case 1: 72-year-old woman, sixth-line margetuximab plus chemotherapy, 3 months PFS




Presentation and diagnosis

The patient was a 72-year-old woman with no evidence of a germline BRCA mutation, who was originally diagnosed with BC in 2010 (at age 59 years), when she underwent right lumpectomy sentinel node biopsy (Figure 1). Final pathology confirmed a 2 mm invasive ductal carcinoma, estrogen receptor (ER) + (95%) and progesterone receptor (PR) + (80%); HER2 status could not be determined due to insufficient tissue for testing. The decision was made to not offer adjuvant chemotherapy and trastuzumab given the overall small amount of invasive disease (pT1aN0M0). She underwent adjuvant radiation and took tamoxifen for a couple months but discontinued due to intolerance. She was followed and did well until 2017 when she reported discomfort in her low back, which led to imaging that revealed widespread bone metastases. A biopsy of the left sacrum confirmed invasive ductal carcinoma (IDC), ER+, PR–, and HER2+ (3+ by immunohistochemistry [IHC]).

[image: Three case studies detailing treatment timelines for patients with breast cancer:  A) Case 1: A 72-year-old, sixth-line margetuximab and chemotherapy, three months progression-free survival (PFS). Timeline includes multiple treatments from 2010 to death.  B) Case 2: A 45-year-old, sixth-line margetuximab and chemotherapy, four months PFS. Timeline from 2018 to death, showing various therapies.  C) Case 3: A 54-year-old, sixth-line margetuximab and chemotherapy, seven months PFS. Displays treatment stages, ending with palliative care.]
Figure 1 | Clinical course of therapy and treatment lengths for Case 1 (A), Case 2 (B), and Case 3 (C).





Clinical course

As first-line treatment, the patient received paclitaxel, trastuzumab, and pertuzumab which resulted in disease control for approximately 2 years. She then developed progressive bone metastases. Treatment was changed to ado-trastuzumab emtansine (T-DM1), providing disease control for approximately 12 months, at which point further progression was noted in bone and she had developed neuropathy. Treatment with fulvestrant in combination with abemaciclib and trastuzumab was given for approximately 6 months, at which point she developed symptomatic progression of disease in the bone, multiple nodal sites, and in the lung. She was then treated with trastuzumab deruxtecan. Although imaging confirmed a response to trastuzumab deruxtecan, she developed grade 2 pneumonitis that required discontinuation (24, 25). The patient then received tucatinib plus capecitabine and trastuzumab (26) but developed elevations in liver function tests that responded to dose reductions, but due to lack of appetite and intermittent diarrhea, the patient elected to discontinue treatment (27). Imaging performed in July 2022 after discontinuation of therapy demonstrated further progression of disease, with new lytic bone lesions and new metastases identified in the liver. In July 2022, the patient started treatment with gemcitabine and margetuximab. After 3 cycles, a repeat PET scan showed definitive improvement in hepatic lesions and mild improvement in bony lesions. However, this combination was stopped after the patient was hospitalized at the end of October 2022 (3 months) with suspected progression of disease and development of ascites. Treatment was then changed to carboplatin, with re-challenge of paclitaxel, in combination with trastuzumab, with no response noted on imaging. Ultimately, therapy with eribulin and trastuzumab was also not effective and unfortunately the patient succumbed to her disease.






Case 2: 45-year-old woman, sixth-line margetuximab plus chemotherapy, 4 months PFS




Presentation and diagnosis

The patient was a 45-year-old woman with no significant medical history who presented with a self-palpated mass in the right breast for 4 months in 2018 (Figure 1). A right breast biopsy indicated grade 3 ductal invasive carcinoma that was ER– and PR– with equivocal results for HER2 by IHC but positive results with fluorescent in situ hybridization (FISH). A staging computed tomography (CT) scan at diagnosis demonstrated a large number of liver lesions. Laboratory results indicated elevations in both alanine aminotransferase and aspartate aminotransferase. The diagnosis for this patient was de novo HER2+/HR– MBC (HER2 low) with liver metastases.





Clinical course

First-line treatment was trastuzumab plus pertuzumab and docetaxel (THP) as recommended by NCCN (12) and supported by results of the CLEOPATRA trial (10). Monitoring during treatment consisted of laboratory assessment every 3 weeks, periodic cardiac function evaluation, and a CT scan. After 5 months, the patient progressed on THP and was switched to T-DM1 (28) and remained on this antibody-drug conjugate for 4 months until progression. Vinorelbine plus trastuzumab and pertuzumab was used in third line for 8 months (29), trastuzumab plus capecitabine and tucatinib in fourth line for 3 months (26), and trastuzumab deruxtecan in fifth line for 11 months (30). After disease progression, the patient was switched to margetuximab plus eribulin (19). She responded to this treatment and was stable on the regimen for 4 months. She then developed grade 3 neuropathy and treatment was discontinued.






Case 3: 54-year-old woman, sixth-line margetuximab plus chemotherapy, 7 months PFS




Presentation and diagnosis

A 54-year-old woman with no significant family or social history potentially related to BC was initially diagnosed with clinical stage IV (cT2cN1(f)M1) IDC of the right breast that was ER+/PR+ (90%/75%) and HER2+ (>30%) as well as high-grade ductal carcinoma in situ of the right breast (Figure 1). Whole-body PET/CT scan also revealed multiple osseous metastatic lesions. Lumbar lesion biopsy confirmed ER+/PR+ (90%/80%) HER+ (30%) MBC.





Clinical course

The patient refused neoadjuvant chemotherapy and completed a 12-month course of anastrozole plus trastuzumab and pertuzumab (31). She then underwent palliative mastectomy of the right breast, prophylactic mastectomy of the left breast, and right axillary node excision. Pathology revealed multifocal grade 3 IDC with skin, skeletal muscle, and lymphovascular invasion. Following initial treatment, the patient underwent a 7-month course of therapy with T-DM1. Repeat PET/CT showed disease progression with hypermetabolic lesions in the neck and right axillary and mediastinal lymph nodes as well as in the right pectoralis muscle and new skeletal lesions. The patient was then switched to trastuzumab deruxtecan (32), which was discontinued 4 months later due to disease progression indicated by a PET/CT scan that revealed F-fluorodeoxyglucose (FDG)-avid supraclavicular and mediastinal lymph nodes as well as multiple soft tissue nodules along the right chest wall. The patient was then started on a combination therapy with capecitabine, trastuzumab, and tucatinib (27). Capecitabine was withheld one month later during palliative chest wall radiation therapy. A CT bone scan 5 months later showed progressive adenopathy including new lesions in the right paratracheal and right hilar lymph nodes. Foundation one genetic testing was performed and revealed microsatellite (MS)-stability, tumor mutational burden of 10 mutations per megabase, amplification in AKT3, IKBKE, MDM4, PIK3C2B, and RAD21; mutations in CDC73 (W43) and PIK3CA (E453del, C420R); and EED (NM_003797) rearrangement in exon 9. Molecular profiling testing revealed that tumor tissue was ER+ (90%), amplified for ERBB2 (HER2/neu), PR+, programmed death ligand 1-positive (IHC; Sp142), MS, NTRK fusion negative, AR mutation positive, BRCA1 and BRCA2 negative, PIK3CA mutated, and PTEN mutation positive. The patient was started on pembrolizumab and refused chemotherapy at that time. She developed disease progression after 4 months.

At this point, it was decided to start the patient on margetuximab in combination with paclitaxel as her sixth line of therapy. Her only adverse event on this regimen was a grade 1 elevation in liver enzymes. She underwent brain magnetic resonance imaging (MRI) one month later, which revealed 5 to 6 subtentorial enhancing masses. She then underwent brain radiation therapy along with right femoral neck therapy. One month later, the patient had a positive treatment response with left cervical lymphadenopathy size reduction. Her only side effect was fatigue. Follow-up PET/CT scan revealed resolution of multiple FDG-avid uptake areas, including the parotid gland, neck, supraclavicular fossa, axilla, hilar areas, and mediastinum as well as the right adrenal gland and retroperitoneal nodules. Unfortunately, brain MRI one month later revealed multiple new enhancing lesions. Her PET/CT scan after an additional 4 months showed disease progression with new hypermetabolic lymph nodes in the neck, axilla, mediastinum, and right hilum along with new hypermetabolic foci in the skeleton and chest skin. The patient was offered alternative treatments but preferred to remain on margetuximab. Paclitaxel was discontinued and the patient was started on a combination of margetuximab with eribulin. She also underwent repeat brain radiation therapy. Unfortunately, with the addition of eribulin, the patient developed nausea, vomiting and fatigue prompting emergency department (ED) visits. CT of the abdomen performed in the ED showed worsening metastatic disease. The patient also reported recurrence of right chest wall nodules. Eribulin was discontinued one month later and margetuximab was discontinued after a total of 7 months due to disease progression. The patient then was enrolled in the SUMMIT trial and was treated with neratinib plus trastuzumab and fulvestrant (33) for one month, which was changed to a combination of carboplatin, gemcitabine, and trastuzumab one month later due to disease progression. Brain MRI 2 months later showed disease progression. Due to poor overall prognosis, the patient elected to proceed with palliative treatment. The patient died one month later.






Discussion

Results from the patients included in these case reports indicate that patients with HER2+ MBC are likely to receive many lines of treatment. This is consistent with large scale reviews. Assessment of 59 patients with HER2+ MBC treated at a single academic center indicated that 40% of patients received at least 5 lines of treatment that included chemotherapy and >10% received at least 10 lines (34). A more recent larger study of 1390 patients with HER2+ MBC indicated 39.6% of patients received at least 4 lines of treatment (35).

The results for these cases also underscore the difficulties involved in sequencing later lines of treatment for HER2+ MBC. It is recognized that optimal sequencing of anti-HER2 agents in patients with advanced HER2+ BC is essential for maximizing the benefit of each line of treatment and slowing the progression of metastases (36). However, there are several NCCN-recommended therapies for HER2+ advanced/MBC (12), each possessing different mechanisms of action and safety profiles. Deciding on the best treatment sequencing for an individual patient is a significant challenge (36). Importantly, evidence-based recommendations to guide sequencing in later lines of therapy are lacking (12). This is reflected by the treatment sequencing for the three patients described in this paper. First-line treatment for all three patients included chemotherapy in combination with trastuzumab and pertuzumab, consistent with NCCN recommendations based on the results from the landmark CLEOPATRA trial (10, 11). Second-line treatment for each patient included T-DM1 which was the standard at the time these patients were treated (based on the EMILIA trial), but has recently been replaced by trastuzumab deruxtecan based on results from DESTINY-Breast03 (12, 28, 37). Treatment after progression on T-DM1 varied.

The combination of margetuximab and chemotherapy was used as sixth-line therapy in these cases; it provided results consistent with those from the phase 3 SOPHIA trial supporting its approval by the US Food and Drug Administration. This study included 536 patients with HER2+ BC (metastatic in ~98% of patients). Similar to the patients described in these case studies, all patients enrolled in SOPHIA had received trastuzumab, all but one had received prior pertuzumab, and 91.2% had received prior T-DM1. One-third of the patients in the trial had received ≥2 prior lines of treatment (19). The median PFS for margetuximab plus chemotherapy in SOPHIA was 5.8 months (19); real-world PFS for the 3 patients described in this report was 3, 4, and 7 months.

Similar results were seen with earlier use. Results from a recently published case study of a patient initially diagnosed with HER2+/HR– IDC that metastasized to the liver after one cycle of chemotherapy who received margetuximab plus capecitabine as fourth-line treatment indicated PFS of 7 months with this regimen (38). Another case study reported a patient with HER2+ histological grade III MBC and IDC who developed bone and liver metastases who experienced a complete response that was sustained for at least 6 months (the last evaluation reported) after receiving third-line treatment with margetuximab (39).

In the presented cases, two of the patients treated with margetuximab plus eribulin had clinically important adverse events, neuropathy in one and nausea, vomiting, and fatigue with severity that prompted ED visits in another. The extent to which margetuximab or eribulin contributed to these events is not clear. Results from a phase 1 study in which margetuximab was delivered as monotherapy to patients with advanced HER2+ solid tumors indicated no occurrences of neuropathy. Fatigue, nausea, and vomiting were reported in 24%, 29%, and 24% of patients, respectively, but none of these events were grade ≥3 in severity (40). Review of safety data for eribulin in patients with BC indicated that peripheral neuropathy occurred in 28.5% of patients (grade 3/4 in 1.5%) (41). Fatigue was reported for 23.7% of patients and nausea in 35.7% (41).

Gaining information regarding the clinical benefits and risks of margetuximab in the real world is important for several reasons. First, there is no clear choice for systemic therapy after progression on third-line treatment in patients with recurrent unresectable or metastatic HER2+ MBC. Additionally, it has been reported that results achieved with cancer therapy in the real world often fall short of those reported in controlled clinical trials (42) [compare results from Verma et al. (28) with those from Nakayama et al. (43)]. The results demonstrated in this small series of patients treated with margetuximab and chemotherapy are therefore reassuring. The case studies described here and in other recent publications (38, 39) suggest that the efficacy and safety of margetuximab in routine clinical practice are comparable to those reported in controlled clinical trials (19). This supports the view that margetuximab plus chemotherapy is a viable choice for fourth- or later-line therapy even though new additional single agents and combinations now may be used prior. This conclusion is consistent with the place in therapy for margetuximab as recommended in the NCCN treatment guidelines (12).

The results presented and reviewed underscore the importance of real-world evidence as a complement to data from controlled clinical trials. The importance of real-world experience is well established, as these observations often involve patients with disease characteristics, comorbidities, and complications that would result in their exclusion from clinical trials (44). While results from real-world clinical experience may not match that from controlled clinical trials (45), understanding the efficacy and safety of a therapy across the range of patients in which it might be used is one of multiple factors that should be considered in optimizing treatment selection. Others include patient goals and preferences, their prioritization of efficacy vs risk for adverse events, favored route of administration, and impact on quality of life (46).

While real-world results including those from case studies can complement those from randomized controlled trials, uncontrolled observations do have important limitations including that they are inherently prone to bias in selection of therapy for specific patients and confounded by factors typically controlled for in clinical trials (47). Further, the ability to generalize results from very small patients samples to larger populations is limited (48).

Going forward, selection of margetuximab for treatment may be based on genomic testing, as ongoing trials seek to clarify the role for upfront allelic variation testing. Results from the SOPHIA trial suggests the importance of determining the CD16A genotype in candidates for margetuximab treatment (21), and the use of genotyping is being evaluated prospectively in the ongoing MARGOT study (22).
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GCA, also known as Buschke-Lowenstein tumor, is a rare sexually transmitted disease associated with HPV types 6 and 111. These warts are considered histologically benign, but there is a risk of localized invasion and development of malignancy. This malignant transformation occurs most often in the perianal and vulvar areas, and involvement of other sites is relatively rare2. In this case, we report a rare case of a giant wart originating from breast skin infected with HPV and progressing to cutaneous squamous cell carcinoma.
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Introduction

Giant condyloma acuminatum (GCA), also known as Buschke–Lowenstein tumor, is a rare sexually transmitted disease associated with HPV types 6 and 11 (1). These warts are considered histologically benign, but there is a risk of localized invasion and development of malignancy. This malignant transformation occurs most often in the perianal and vulvar areas, and involvement of other sites is relatively rare (2). In this case, we report a rare case of a giant wart originating from breast skin infected with HPV and progressing to cutaneous squamous cell carcinoma.





Case report

A 64-year-old male patient presented with a right breast lump that was first noticed 10 years ago and was not taken seriously by the patient at that time. The lump gradually increased, significantly accelerating growth over the past year. The patient denied other breast lumps and skin changes. The patient had no history of significant medical or surgical disease and denied history of unhealthy sexual activity, but had history of poor personal hygiene as a public bathroom worker and had no family history of similar disease.

During breast examination in the supine position, a large, hard, non-pressure mass was found in the patient’s right breast, measuring about 72 mm × 80 mm × 48 mm, with a cauliflower-like appearance and localized ulceration accompanied by purulent secretion. Bilateral breast ultrasonography and computed tomography (CT) of the chest and abdomen were performed. Ultrasonography showed an inhomogeneous hypoechoic mass in the right breast, accompanied by abundant blood flow signals (Figure 1). Chest CT examination showed a soft tissue mass of about 72 mm × 80 mm × 47 mm in size in the right breast area, with irregular morphology and cauliflower-like changes, which was connected with the nipple and showed noticeable uneven enhancement. The tissue behind the nipple was also thickened and strengthened (Figure 2). The remaining CT examinations of the abdomen and pelvis were negative. Tumor-associated antigen examination showed elevated carcinoembryonic antigen 11.78 ng/mL (standard reference value <5 ng/mL) and squamous cell-associated antigen 6.79 ng/mL (standard reference value <2.5 ng/mL). The patient underwent a lumpectomy under general anesthesia. Intraoperative rapid cytopathological analysis showed abnormal squamous epithelial hyperplasia with scooped cell formation, chronic suppurative inflammation in some areas, and hyperplasia and dilatation of the mammary ducts. We decided that shuttle incision for the right breast be performed to enlarge the resection. Postoperative pathological analysis showed that the lesion tissue was consistent with squamous epithelial warts with squamous cell carcinoma (Figure 3). HPV DNA 11 positive was found in the wart specimen. The patient did not receive additional adjuvant therapy after the operation. At regular return visits for 2 years, the patient recovered well and did not see any tumor recurrence.

[image: Ultrasound images showing two panels: A) A grayscale sonogram with measurement markings indicating a dimension of thirty-two by twenty-one millimeters. B) A color Doppler ultrasound displaying vibrant red and blue areas indicating blood flow within the grayscale image.]
Figure 1 | Breast ultrasonography. (A) A large mass was seen on the surface of the right chest wall, the thickest part of which was about 21.1mm, and the inner part of the mass was uneven and hypoechoic. (B) color Doppler flow imaging(CDFI): abundant blood flow signal is seen inside the mass.

[image: CT scans of a chest cavity. Panel A shows a thoracic cross-section with visible heart and vessels. Panel B displays a similar view with slightly different positioning, highlighting the heart and surrounding structures.]
Figure 2 | Chest enhanced scan. (A) A soft tissue mass with irregular shape and cauliflower-like changes was seen in the right breast area, which was connected with the nipple and showed obvious uneven enhancement. (B) The tissue behind the nipple shows thickening and strengthening.

[image: Histological comparison of two tissue samples labeled A and B. Sample A shows less cellular density with more connective tissue, while Sample B exhibits a higher cellular density and pronounced structures. Both samples display varying shades of pink and purple staining.]
Figure 3 | Histopathologic examination. (A) Papillary and pestle-and-ball heterogeneous hyperplasia of squamous epithelium with koilocyte  formation, chronic suppurative inflammation in some areas, and hyperplasia and dilatation of mammary ducts. (B) Squamous epithelial verrucous and papillomatous hyperplasia with some areas of carcinoma, carcinoma areas of highly differentiated squamous cell carcinoma with superficial mesenchymal infiltration of skin and soft tissues.





Discussion

Condyloma acuminatum (CA) is the most common of the sexually transmitted infections and is caused primarily by HPV infection. A small number of CA show papillary chronic hyperplasia and form giant warts known as Buschke–Lowenstein tumors. Despite the benign appearance of the tumor and the minimal degree of cellular proliferation, the tendency for highly differentiated carcinomas may result in downward compression and displacement of the tumor into deeper tissues rather than direct infiltration or metastasis (3). In 56% of patients with GCA, malignant changes may occur (2). This malignant change may be associated with persistent disease, prolonged chronic inflammatory stimulation, and repeated physical and pharmacologic treatments. In the case we report, it is unclear why this patient developed a large wart on his breast skin. We only know that as a public bathroom worker, this patient is at high risk for HPV infection. Why did the HPV infection lead to the development of a large wart rather than a condyloma acuminatum in the breast skin, and under what factors did the wart progress to SCC of the skin? In this process, host immunity, infected HPV types or variants may be involved in tumor formation and progression (4).

The diagnosis of GCA is mainly based on physical signs and pathological examination. It is necessary to differentiate tumors in the breast area from malignant tumors, and examining blood tumor antigens can help distinguish malignant tumors. CT and ultrasonography are also necessary to determine the involvement of organs and lymph nodes (5), and GCA treatment aims to remove the tumor, not to cure HPV. Although there are no standardized treatment guidelines for GCA, and there is insufficient evidence to show the effectiveness of medical treatments, such as interferon, radiotherapy, and chemotherapy (6), the treatment is based on localized surgical excision, which is ineffective in the treatment of extensive lesions and deep lesions combined with carcinoma and is very difficult to treat (7). The chances of efficacious treatment are limited and could be very tricky. In the case of affecting the whole breast, the psychological impact on the patient has to be considered. Still, the initial imaging suggests that the tumor has invaded the post-nipple tissue. We carefully chose to excise the tumor together with the mammary glands. The postoperative pathological results showed that the tumor did not invade the mammary tissue, and the surgical margins were all negative. For patients who develop SCC malignancy and metastasis, it is essential not to forget subsequent adjuvant therapy.





Conclusion

We reported GCA originating from the breast skin, demonstrating that breast GCA requiring surgical excision may harbor occult SCC. Pathologic examination is necessary to determine whether malignancy has occurred and whether it has invaded the breast. Follow-up with adjuvant therapy is important for patients who develop malignancy and metastasis of SCC.
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Background

Administering radiation therapy to individuals with intellectual disabilities (ID) and psychiatric patients taking antipsychotics poses challenges, especially with whole breast irradiation (WBI) due to difficulty staying still (DSS). In such scenarios, intraoperative radiotherapy (TARGIT-IORT) provides an alternative. Although prior studies have shown its applicability in special cases where WBI may be contraindicated, there is a paucity of literature emphasizing its role in patients with ID and psychiatric conditions who have DSS. Therefore, our case series aims to highlight the applicability of administering TARGIT-IORT in such patients.





Case reports

Four breast cancer patients underwent lumpectomy and TARGIT-IORT. Among them, two patients had ID, with one experiencing a decreased range of motion. The other two had psychiatric disorders, including schizophrenia and bipolar disorder, both manifesting involuntary movements and DSS. Three patients had invasive ductal carcinoma (IDC), and one had invasive lobular carcinoma (ILC). All patients undergoing TARGIT-IORT tolerated the procedure well. Notably, none of the patients exhibited evidence of disease on follow-up.





Conclusion

Our study underscores the potential use of TARGIT-IORT as a viable treatment option for breast cancer patients with intellectual and psychiatric disabilities. Unlike traditional EBRT, TARGIT-IORT offers a single radiation dose, addressing challenges associated with compliance or DSS. Our findings demonstrate positive outcomes and tolerance, especially in patients where standard oncologic procedures are difficult to achieve. TARGIT-IORT could also benefit breast cancer patients with concurrent movement disorders like Parkinson’s disease and other movement disorders. Nonetheless, future studies are needed to reinforce its applicability for patients with DSS.
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Introduction

Breast cancer is the most common newly diagnosed malignancy among women across the United States (1). Of all the cancers diagnosed in women, breast cancer accounts for about 30% of the cases (2). It was estimated that approximately 310,720 women will be diagnosed with breast cancer in 2024 (3). Historically, mastectomy was considered the sole treatment option, even for early-stage breast cancer. However, numerous studies have indicated that adopting a more conservative surgical approach together with adjuvant radiation for small breast cancers can yield comparable long-term outcomes in locoregional recurrence and survival. This shift has led to a transition from mastectomy to breast-conserving surgery (BCS) involving quadrantectomy and, eventually, lumpectomy for early breast cancer (4–6). Similarly, a change in preference has also been seen in selected patients undergoing radiation therapy, with patients receiving partial breast irradiation (PBI) delivered over 1-3 weeks instead of the traditional whole-breast irradiation (WBI). Another option is intraoperative radiotherapy (TARGIT-IORT), which allows for a single dose to be given at the time of lumpectomy. The appeal of TARGIT-IORT lies in its intrinsic advantages of tissue preservation, as well as convenience, making it a popular choice among patients (7–10).

The administration of daily external beam radiation requires patients to lie flat and still, and to abduct the ipsilateral arm above the level of the shoulder. This can be a significant challenge for patients with intellectual disability (ID) and psychiatric disorders (11, 12). Individuals with ID often find it difficult to remain still, and psychiatric patients on antipsychotics may experience bradykinesia, akathisia, and tardive dyskinesia (13). This can make radiation treatments potentially unsafe or even impossible, and thus poses a potential contraindication for radiation in patients with difficulty staying still (DSS). While the occurrence of breast cancer among women with ID is comparable to that in the general population (14–16), studies have revealed a significantly increased risk of overall and breast cancer-specific mortality in this group (17, 18). Similarly, psychiatric patients have a similar incidence of breast cancer as the general population but face higher mortality rates (19). The rising incidence of breast cancer, coupled with a growing population of individuals diagnosed with ID (14, 20–22) as well as those with psychiatric disorders who frequently experience delayed diagnoses of breast cancer (23, 24), may present a potential threat to overall breast cancer survival rates. In such scenarios for patients with DSS, TARGIT-IORT presents itself as an attractive radiation alternative that allows for a single dose to be administered at the time of BCS. Prior studies have documented that TARGIT-IORT can be highly advantageous in specific scenarios, such as for patients with prior breast cancer seeking a second chance at breast conservation, those with movement disorders like Huntington’s or Parkinson’s, multiple sclerosis, wheelchair-bound, autism, or other patients with DSS, those struggling with radiation cycle compliance, or individuals who have previously received mantle radiation (25–29). In our study, we defined DSS as any patient with neurological, psychiatric, and/or developmental problems resulting in movement disorder, thereby impeding their capacity to undergo external beam radiation (EBRT). Although prior studies have shown TARGIT-IORT’s applicability in special clinical cases selected as per the ASTRO criteria where WBI might be contraindicated (30–33), there is a paucity of literature examining the role of TARGIT-IORT in patients with ID and psychiatric illness with DSS. Thus, our case series aims to highlight the applicability of administering TARGIT-IORT in such patients.





Case reports




Patient 1

A 66-year-old woman with severe developmental delay and behavioral disorder, who is non-verbal and unable to perform range of motion due to cognitive limitations, underwent a routine bilateral screening mammogram and ultrasound in 2014, which revealed a 1.3 cm mass in the 2:00 axis in the left breast and a 0.3 cm simple cyst in the right 7:00 axis. A follow-up mammogram revealed a 2 cm mass in the left lateral breast, and the ultrasound showed a 1.7 x 1.3 x 1.5 cm mass at the left 1:00, 4 cm from the nipple. From 2014 to 2018, successive annual ultrasounds documented a reduction in the size of the left breast mass, progressively diminishing from 1.8 cm to 1.2 cm to 0.7 cm to 0.4 cm, eventually disappearing completely. However, a follow-up ultrasound in 2019 detected a new 0.8 cm mass in the right breast at the 1:00 axis. The patient was unable to cooperate with an ultrasound-guided biopsy for a suspicious lesion in the right breast. Given her condition, she was deemed unfit for surgery and advised to undergo regular follow-up ultrasounds. A targeted ultrasound performed 9 months later demonstrated the right breast mass increased to approximately 1.1 to 1.5 cm from its previous size. Left breast ultrasound showed no mass, which was previously present. A biopsy of the right breast was eventually performed in the clinic, and it revealed grade 3 poorly differentiated invasive ductal carcinoma (IDC). The tumor was diagnosed as clinical stage IA T1 N0 M0, and tumor markers were ER-positive, PR-positive, and Her-2 positive by FISH (signal ratio of 2.11 and a copy number of 7.0.) The patient’s case was discussed in the Multidisciplinary Tumor Board (MTB), and it was collectively decided to offer neoadjuvant treatment. Following this, she started a combination of subcutaneous pertuzumab/trastuzumab/hyaluronidase. Upon completion of this course, she was started on exemestane. The patient’s case was again discussed in MTB, and it was collectively decided to treat her with curative intent and offer her lumpectomy with sentinel lymph node biopsy and TARGIT-IORT.

Wide local excision was performed, and the Intrabeam 600 system (Zeiss, Oberkochen, Germany) (Figure 1) delivered IORT sequentially. A 35-mm spherical applicator delivered 20 Gy to the surgical margin for 17 minutes. Intraoperative ultrasound determined that the applicator’s closest margin to the skin was approximately 1.3 cm, and the absorbed dose from TARGIT-IORT radiation on the skin’s surface was 1.96 Gy.

[image: A medical device with a metallic body is covered in clear plastic. It features an attachment resembling a brown funnel connected to a black spherical end. The area is likely a medical or laboratory setting.]
Figure 1 | Dressed Intrabeam 600 miniaturized 50 KV X-Ray linear accelerator with 40 mm applicator mounted (Zeiss, Oberkochen, Germany).

TARGIT-IORT and surgery were uneventful. The histology of the right breast revealed pathological stage IIA T2 N0 grade 3 IDC spanning 4.5cm x 3cm. The tumor was fully removed with clear margins. The tumor was ER/PR-positive but Her-2 negative. Adjuvant treatment with T-DM1 and radiation therapy would have been ideal, but due to the patient’s severe developmental delay, she couldn’t undergo infusions or daily radiation treatments. Therefore, it was determined that the aromatase inhibitor (A.I.), along with subcutaneous pertuzumab/trastuzumab/hyaluronidase, would be used for her adjuvant treatment. This treatment regimen has been ongoing for 10 months, and she is currently showing no evidence of disease during follow-up assessments (Table 1).

Table 1 | Summary of patient data.


[image: A table presents data on four patients with details including age, final pathology, pathological size, tumor size, applicator size, laterality, complications, and adjuvant therapy. Patient ages range from 47 to 70 years. Pathologies include IDC, DCIS, and ILC. The applicator sizes vary between 30 to 40 millimeters, with noted complications such as developmental delay and intellectual disability. Adjuvant therapies include aromatase inhibitors and Tamoxifen. A note states "*No residual invasive carcinoma. Span could not be determined due to a few scattered foci."]




Patient 2

A 47-year-old female with intellectual disability presented after a diagnostic mammogram. She was unable to provide any history. However, her proxy mentioned that her mother had also been diagnosed with intellectual disability. Her ultrasound finding demonstrated left 11:00-12:00 o’clock 6 cm from the nipple a hypoechoic mass with irregular margins measuring 1.8 x 1.6 x 2.1 cm. Her right breast subareolar region showed a large, predominantly hypoechoic mass with mild lobulations measuring over 6 cm. An ultrasound-guided biopsy of the left breast revealed grade 2 moderately differentiated IDC. The tumor was diagnosed as clinical stage IA T1 N0 M0, and tumor markers were ER +, PR +, and Her-2 negative. Right breast biopsy revealed a fragmented fibroepithelial lesion, but the size of the lesion made phyllodes a differential. Her case was discussed at the MTB, and it was collectively decided to offer her a bilateral lumpectomy with left SLNB and left-sided TARGIT-IORT.

Wide local excision was performed on each breast, and TARGIT-IORT was delivered to the left breast using a 35-mm diameter spherical applicator, delivering a dose of 20 Gy for 20 minutes. The measured absorbed dose from the Intrabeam TARGIT-IORT system radiation on the skin surface was 1.01 Gy for the left breast.

The surgery and TARGIT-IORT were both uneventful. Histology of the left breast confirmed the presence of IDC measuring 2.5 cm with DCIS grade 3, ER/PR+, Her 2-, stage IIA T2 N0 M0. The tumor was fully removed with clear margins. The right breast was diagnosed as a benign phyllodes tumor spanning 7.4 cm with focal atypical lobular hyperplasia. The patient is 4 months postoperative and shows no signs of disease on follow-up; she is receiving tamoxifen as adjuvant therapy.





Patient 3

A 70-year-old female with a history of schizophrenia managed with antipsychotic medication and subsequent tardive dyskinesia presented with a 7-month history of breast pain and a mass in her left breast. Subsequent mammography and ultrasound revealed a 2.2 x 1.1 x 1.5 cm mass at the left 8:00 axis, 3 cm from the nipple. Ultrasound-guided biopsy confirmed clinical stage IIA T2 N0 M0 left IDC, moderately differentiated, ER+, PR+, and Her-2 positive at the 8:00 axis. Surgical options were discussed, and she expressed a preference for lumpectomy. However, her tardive dyskinesia made her ineligible for external beam radiation.

The case was reviewed at the MTB, and it was decided collectively to offer her neoadjuvant treatment with Paclitaxel/Herceptin/Pertuzumab followed by lumpectomy and SLNB along with TARGIT-IORT.

Subsequently, wide local excision was performed, and TARGIT-IORT was delivered using a 35-mm diameter spherical applicator, delivering a dose of 20 Gy for 20 minutes. Intraoperative ultrasound determined that the closest margin of the applicator to the skin was approximately 11.2 mm, and the dose absorbed from TARGIT-IORT radiation on the skin surface was 2.67 Gy.

The surgery and TARGIT-IORT were uneventful. Histology of the left breast demonstrated a few foci of grade-3 DCIS with no residual invasive carcinoma following neoadjuvant chemotherapy. The span of DCIS could not be determined since there were only a few scattered foci. The tumor was stage 0 Tis N0 M0 with clear margins. Adjuvant treatment with Trastuzumab and an A.I. was initiated, and the patient showed no signs of disease on their 3-month postoperative follow-up.





Patient 4

A 59-year-old female, an active smoker with a PMHx of traumatic brain injury (TBI), bipolar disease, depression, anxiety, COPD, and asthma, presented after an abnormal screening mammogram of the right breast. A subsequent diagnostic mammogram demonstrated a questioned mass in the right breast with indistinct margins, and due to the patient’s inability to tolerate further mammographic imaging, a targeted ultrasound was performed, identifying a mixed echotexture mass located at the11:00 o’clock axis 10 cm from the nipple. The biopsy of the right breast revealed invasive lobular carcinoma (ILC) ER+, PR negative, and Her-2 negative with clinical stage IA T1 N0 M0. Her PMHx of TBI resulted from a possible stroke that occurred 15 years ago secondary to a drug overdose, which resulted in involuntary movements and muscle stiffness along with a broad-based gait and increased lower extremity movements.

The case was reviewed at the MTB, and it was decided collectively to offer her lumpectomy with TARGIT-IORT. Wide local excision with right-sided TARGIT-IORT and SLNB was performed. A 40-mm applicator delivered 20 Gy in 25 minutes. Both surgery and TARGIT-IORT were uneventful. Intraoperative ultrasound determined that the closest margin of the applicator to the skin was approximately 8.5 mm, and the absorbed dose from TARGIT-IORT radiation on the skin’s surface was 4.28 Gy (Table 2). Histology of the right breast revealed grade 2 ILC forming a 1.5 cm mass. The tumor was stage IA T1 N0 M0, ER+, PR negative, and Her-2 negative and had clear margins. Adjuvant treatment with an A.I. was initiated, and she currently has no evidence of disease on her 6-month follow-up.

Table 2 | Dose reported is for the closest skin bridge measurement (applicator to skin distance) as determined using ultrasound measurements localization measuring the 4 cardinal positions of superior, medial, inferior, lateral and has been determined using the validated model presented in Brodin et al. (82) The 95% confidence interval is shown in parentheses.


[image: Table displaying data for four patients with columns for Treatment Time (minutes:seconds), Right Breast Closest Skin Bridge Distance (millimeters), and Dose to Skin Breast (Gy). Times range from 16:40 to 24:41, distances from 8.5 to 19.4 millimeters, and doses from 1.01 to 4.28 Gy.]





Discussion

An intellectual disability is characterized by restrictions in intellectual functioning and adaptive behavior, encompassing practical, social, and conceptual skills. It typically manifests before the age of 22 years (34) with an Intelligence Quotient or IQ of at least 2 standard deviations below the mean (35). While the occurrence of breast cancer among women with ID is comparable to that in the general population (14–16), studies have revealed a significantly increased risk of overall and breast cancer-specific mortality in this group (17, 18). Furthermore, there is growing evidence suggesting that women with ID are more prone to a higher prevalence of risk factors associated with breast cancer, which places them at an increased risk of developing breast cancer when compared to their counterparts in the general population (36–38). These risk factors include nulliparity, inadequate physical activity, and elevated rates of obesity (36, 37, 39–42). Additionally, women with an ID exhibit limited knowledge regarding breast awareness and breast cancer (15), consequently resulting in late-stage presentation and poorer clinical outcomes. Similarly, psychiatric patients have breast cancer incidence that mirrors the general population but face higher mortality rates (19). Some of the contributing factors for higher mortality are that psychiatric patients have fewer breast cancer surgeries, receive less radiation therapy, and have more metastases at presentation than the general population (19). Additionally, psychiatric patients are impacted by nulliparity, obesity, and exposure to antipsychotics, which further elevates their risk of developing breast cancer (43–45). Multiple studies have shown that individuals with pre-existing disabilities are more likely to receive a mastectomy and less likely to receive chemotherapy and radiation therapy (46–49).

Amongst patients with ID and psychiatric illnesses, EBRT may not be feasible due difficulty staying still (DSS) during treatment. This could potentially result in either inadequate treatment or necessitate a more aggressive approach such as mastectomy. A major challenge in administering EBRT are patients who have DSS. Prior literature has demonstrated that performing EBRT can be challenging when patients can’t lie flat or appropriately abduct the arm (11, 12). In our study, each of the four patients faced obstacles that would have hindered their capacity to endure EBRT, stemming from physical discomfort or movement disorders that compromised their ability to remain still. In our case series, Patient 1 experienced challenges with arm abduction due to limited range of motion and could not even tolerate her biopsy procedure. Although Patient 2 was responsive to simple commands, there was uncertainty about her capacity to withstand EBRT. Conversely, Patients 3 and 4 exhibited movement disorders that rendered them unsuitable candidates for EBRT. Additionally, performing EBRT might have precluded the safe and/or consistent administration of radiation therapy in these patients. A study conducted by Sreeraman et al. (50) found that patients with pre-existing psychiatric conditions who were treated with radiation for head and neck cancer had a higher rate of treatment breaks than patients with no psychiatric history. Apart from this, healthcare providers may lean towards recommending radical surgical interventions for psychiatric patients due to issues related to patient cooperation (49). A study conducted by Abdullah et al. (51) found that patients with schizophrenia exhibited verbal or physical aggression toward their healthcare providers before radiation therapy was offered. Additionally, the overall financial burden in patients with pre-existing psychiatric illnesses undergoing EBRT is higher compared to non-psychiatric patients. Waddle et al. (52) conducted a study to assess the expenses associated with acute and follow-up care in psychiatric patients receiving radiation treatment. Their findings revealed that acute costs were significantly higher in the psychiatric group, with a difference of $3389 (95% confidence interval [CI] for difference, –$1993 to $8771; $45,293 vs $41,904; P = .039) (52). Moreover, follow-up costs were notably elevated in the psychiatric group, demonstrating a difference of $9653 (95% CI for difference, $1,642-$17,664; $28,084 vs $18,431; P = .003) (52).

To bridge some of these concerns, TARGIT-IORT can be a prudent option for patients where EBRT may not be feasible. TARGIT-IORT is a type of accelerated partial breast irradiation (APBI) that enables the delivery of a single high dose of radiation directly to the surgical margins shortly after tumor removal. It utilizes low-energy 50kVp photons to minimize scatter and radiation exposure to neighboring critical organs due to the steep dose fall-off past the applicator surface. For example, using a 30-mm applicator, the dose decreases by 49% at a distance of 5 mm from the applicator surface and by 28% at a distance of 10 mm (8, 53, 54). The advantage of utilizing TARGIT-IORT is that it allows for a single dose to be administered at the time of lumpectomy, which can be extremely beneficial for patients who can’t tolerate EBRT and/or have DSS. Patients who struggle with compliance and fail to complete their radiation treatment may otherwise be better suited for mastectomy (55). TARGIT-IORT offers these patients an alternative to mastectomy, thereby mitigating the increased morbidity and potential complications associated with this larger surgery. Furthermore, a major concern with administering EBRT is patients with DSS. A study by Kim et al. (26) highlighted the use of adjuvant radiation therapy in a patient with Huntington disease with choreiform movements. Their challenge was to control these choreiform movements sufficiently enough to provide EBRT, which they achieved with olanzapine; however, this led to treatment delay. Conversely, TARGIT-IORT, performed under anesthesia, circumvents issues related to involuntary movements, making it a preferable option and avoiding the additional steps and risks associated with the management of movement disorder during EBRT and further treatment delays.

In addition to these special considerations, the utilization of TARGIT-IORT provides further benefits compared to EBRT. The use of WBI has been associated with various adverse effects, notably increased non-breast cancer-related mortality (56). WBI also increases the risk of secondary cancers and heart disease (57–59). In a study involving 134 breast cancer patients, 90 of whom underwent WBI, the rate ratio for lung cancer incidence over ≥ 10 years was 2.10 (95% CI, 1.48 to 2.98; P = 0.001) (57). Additionally, WBI has been linked to various heart diseases, including ischemic heart disease, myocardial infarction, valvular disease, coronary stenosis, pericarditis, and other cardiac abnormalities (57–59). WBI can also exacerbate cosmetic outcomes due to skin toxicity and fibrosis, especially when boosting the tumor bed (60). In contrast, TARGIT-IORT significantly reduces the non-breast cancer-related mortality rate (45 vs. 74 events for TARGIT-IORT and EBRT, respectively; hazard ratio 0.59; 95% CI, 0.40 to 0.86; P=0.005), including cardiovascular causes (56). Additionally, a randomized trial involving 2,298 patients conducted by the TARGIT group found that IORT was non-inferior to EBRT, with local recurrence rates of 2.11% for IORT compared to 0.95% for EBRT (56). Moreover, the same group analyzed long-term outcomes in these patients, assessing tumor size, grade, receptor status, and lymph node status that affected local recurrence-free survival, as well as the impact of local recurrence on distant relapse and mortality (61). They observed no difference in 5-year local recurrence-free survival between TARGIT-IORT and EBRT across all tumor subgroups. An additional benefit of TARGIT-IORT is that it may reduce the risk of secondary lung cancers, which are commonly associated with smokers undergoing EBRT (62). Notably, neither Patient 3 nor Patient 4 in our study, whether former or active smokers, experienced complications during their respective follow-up periods. The TARGIT-A trial randomized 3451 patients to WBI (1730) or TARGIT-IORT (1721) to analyze toxicities and complications. Wound-related complications were similar between the two groups, but TARGIT-IORT had significantly fewer grade 3 or 4 toxicities and better cosmesis than WBI (63, 64). TARGIT-IORT has also been shown to yield better breast-related quality of life and overall quality of life (65, 66). Moreover, because of its shorter treatment duration and fewer visits, TARGIT-IORT may result in higher patient compliance, potentially improving the overall patient experience (67). This is of particular significance for individuals with ID residing in nursing homes, who may otherwise require frequent visits to complete their radiation cycles, as well as for psychiatric patients who may be prone to noncompliance with their radiation treatments. Thus, TARGIT-IORT becomes a more feasible alternative for these patients.

When administering radiation therapy, another crucial factor to consider is pain, particularly in patients with ID. There is a paucity of research on pain in individuals with ID, possibly because they are routinely excluded from pain studies. This exclusion could be attributed to the numerous functional limitations and underlying neurological conditions, which often complicate pain presentation and measurement (68). Additionally, long-standing beliefs about pain insensitivity or indifference in ID patients may further contribute to this gap in research (69). However, emerging evidence suggests that individuals with ID may be more sensitive to painful stimuli under certain circumstances, contrary to previous beliefs (70, 71). They may exhibit greater pain-evoked potentials (72–74) and are more likely to experience chronic pain compared to typically developing peers (75). Estimates indicate that chronic pain prevalence in ID averages around 70%, considerably higher than the general population (76, 77). Upon comparing TARGIT-IORT vs. EBRT in terms of pain, Andersen et al. (78) conducted a study revealing that persistent pain in the breast area, side of the chest, axilla, or arm after EBRT was reported in 33.9% of cases, compared to 24.6% in the TARGIT-IORT group (P = 0.11). Similarly, Corcia et al. and Welzel et al. found that EBRT patients experienced moderately higher levels of breast and arm pain compared to TARGIT-IORT. This finding is particularly relevant for Patients 1 and 2 in our study, who both had ID and were non-verbal. Receiving EBRT may have resulted in higher levels of persistent pain for them, which they would been unable to express. Additionally, elderly patients, including Patients 1 and 3 in our study, might have potentially benefited from surgery and endocrine therapy alone, avoiding radiation treatment altogether (79). However, the decision to administer radiotherapy to these patients was influenced by the findings of the Cancer and Leukemia Group B (CALGB) 9343 trial, which demonstrated that combining radiation therapy with endocrine therapy improved locoregional recurrence prevention in women aged 70 and above (80). Moreover, the PRIME II study, a randomized trial involving 1,326 patients with non-metastatic hormone receptor-positive breast cancer, all aged 65 and older, who underwent breast-conserving surgery and were receiving adjuvant hormone therapy, found a significantly higher rate of local recurrence after 10 years in patients who did not receive radiation therapy compared to those who did (9.8% vs. 0.9%) (81), thereby supporting our decision to include radiotherapy in our patient’s treatment plan. Furthermore, it is noteworthy that none of the 4 patients experienced any acute or chronic toxicities following breast-conserving surgery and TARGIT-IORT. In addition, all of the patients in our study tolerated the TARGIT-IORT well and developed no local recurrence on follow-up. Notably, all four individuals received outpatient treatment, avoiding potential complications associated with hospitalization. As the number of breast cancer cases increases, there may be a higher probability of encountering patients with DSS; thus, future studies are required to further evaluate the utility of TARGIT-IORT vs. WBI for patients with DSS in order to establish new guidelines.

Our study has several limitations. First, our study has a small sample size. Second, the retrospective nature of the study introduces inherent limitations. Third, our study had a short follow-up period. Finally, our study lacked measurement of pain scale, a cosmesis scale, and patient-reported outcomes, which could have provided a more comprehensive understanding of the treatment effects in this specific group of patients.





Conclusion

Our study underscores the potential use of TARGIT-IORT as a viable treatment option for breast cancer patients with intellectual and psychiatric disabilities. Unlike traditional EBRT, TARGIT-IORT offers a single radiation dose, addressing challenges associated with compliance or DSS. Our findings demonstrate positive outcomes and tolerance, especially in patients where standard oncologic procedures are difficult to achieve. TARGIT-IORT could also benefit breast cancer patients with concurrent movement disorders like Parkinson’s disease and other movement disorders. Nonetheless, future studies are needed to reinforce its applicability for patients with DSS.
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Fam-trastuzumab deruxtecan (T-DXd) has demonstrated substantial antitumor activity and durable responses in patients with human epidermal growth factor receptor 2 positive (HER2+) metastatic breast cancer. We report here the treatment outcomes of T-DXd in a patient with HER2+ breast cancer with brain metastases that repeatedly recurred and progressed after two lines of salvage therapy. In 2016, a 23-year-old G0P0 female with risk factors including menarche at age 9 years, Li-Fraumeni syndrome, and a strong family history of cancer was diagnosed with bilateral, triple-positive breast cancer. She received chemotherapy, HER2-targeted therapies, total mastectomy, and locoregional radiotherapy, but a brain metastasis in the left parieto-occipital lobe was detected in 2020. After receiving capecitabine, lapatinib, gonadotropin-releasing hormone (GnRH) agonist, and tamoxifen, multiple new lesions appeared in the brain after 14 months. The patient then received capecitabine, neratinib, GnRH agonist, and letrozole; however, her brain metastases still progressed after 7 months. In 2022, she started T-DXd treatment. Good response to treatment was observed 4 months later, including a continuous decrease in the cancer antigen 15-3 level, a reduction in the size of the major brain tumor, and the absence of new lesions. Now aged 30, the patient is continuing to receive T-DXd treatment to prevent recurrence. We conclude that T-DXd was effective for the treatment of brain metastases in this young patient with triple-positive metastatic breast cancer who had multiple risk factors and had received several anti-HER2 therapies prior to T-DXd.
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1 Introduction

Breast cancer (BC) is the most common cancer worldwide (1), and BC tumors that overexpress human epidermal growth factor receptor 2 (HER2) comprised about 14% of all new cases in the USA from 2016–2020 (2). Although HER2+ tumors tend to be more aggressive than other BCs, the prognosis varies depending on the co-expression of hormone receptors (HRs), namely estrogen receptor (ER) and progesterone receptor (PR), and patients with triple-positive BC tumors tend to be younger (≤ 49 years) (3). Among patients with advanced BC, approximately 25% developed brain metastasis, with the number climbing to 30–40% in those with HER2-positive tumors (4). Treatments targeted at HER2, which include monoclonal antibodies, antibody-drug conjugates (ADCs), and small-molecule tyrosine kinase inhibitors (TKIs), have led to greatly improved survival in patients with HER2+ tumors (4).

The current standard of care for patients in the metastatic setting is first-line dual-HER2 monoclonal antibody therapy with pertuzumab and trastuzumab, plus a taxane (5, 6). Globally, patients with unresectable or metastatic HER2+ BC that progressed on ≥ 2 prior therapies also now have the option of the antibody-drug conjugate fam-trastuzumab deruxtecan (T-DXd) (7). T-DXd consists of a HER2-targeted antibody and a cleavable, membrane-permeable topoisomerase I inhibitor that is preferentially released inside of cancer cells (8). In the DESTINY-Breast01 trial of heavily pretreated patients with unresectable or metastatic HER2+ BC, T-DXd provided an objective response rate (ORR) of 62%, an 18.2-month (95% confidence interval [CI], 15.0 months to not evaluable) duration of response, and a small (1.6%) rate of further disease progression (7). A subgroup analysis (9) showed that the efficacy of T-DXd was also durable in those with brain metastases (N = 24), with a confirmed ORR of 58.3% (95% CI, 36.6–77.9) and a median progression-free survival (PFS) of 18.1 months (95% CI, 6.7–18.1). In a subsequent trial (DESTINY-Breast02) of a similar patient population, T-DXd was compared with treatment of physician’s choice (capecitabine plus either trastuzumab or lapatinib) (10). This trial confirmed the positive benefit–risk profile of T-DXd, which showed a median PFS of 17.8 months (vs. 6.9 months in the other group; hazard ratio [HR], 0.36; 95% CI, 0.28–0.45; P < 0.0001) over a median follow-up of 21.5 months. Furthermore, in the prospective phase 2 TUXEDO-1 trial of 15 patients with HER2+ BC and active brain metastases, treatment with T-DXd led to a high intracranial response rate (73.3%; 95% CI, 48.1–89.1) (11). In the retrospective ROSET-BM study (12), T-DXd was also shown to have promising efficacy in HER2+ BC patients with active brain metastases as well as leptomeningeal carcinomatosis, which are associated with poor prognosis and remain difficult to treat (4, 13).

In this report, we detail the case of a 30-year-old woman with triple-positive BC who developed brain metastases that was successfully treated with third-line T-DXd. The reporting of this case conforms to the CARE guidelines (14). Written informed consent was obtained from the patient to publish this paper.




2 Case description



2.1 Diagnosis of triple-positive breast cancer with multiple risk factors

Our patient, a G0P0 female, was diagnosed with bilateral, triple-positive invasive ductal carcinoma (Ki-67 index range: 45–80%) at the age of 23 in January 2016. Pre-treatment positron emission tomography (PET) and magnetic resonance imaging (MRI) detected a multicentric lesion (4.0 cm × 4.5 cm) at the 2H position of the left breast, with left axillary lymph node metastases (level I–III), and two lesions (2.8 cm × 2.1 cm at 8H and 2.4 cm × 1.8 cm at 10H) in the right breast (Table 1). The tumor in the left breast was clinically staged as IIIA cT2N2M0, and those in the right breast were staged as IIA cT2(m)N0M0. Genetic analysis identified a TP53 mutation (possibly germline), suggesting the possibility of Li-Fraumeni syndrome. Individuals with this syndrome have a significantly increased risk of developing breast cancer and are recommended to undergo frequent oncological monitoring (15). Our patient tested negative for pathogenic variants of BRCA1, BRCA2 and PTEN, but reported a strong family history of cancers that included nasopharyngeal, liver, and colon cancers among the maternal and paternal grandparents. She also experienced early menarche (age, 9 years), which is a well-established risk factor for breast cancer (16).

Table 1 | Timeline and course of treatment for the patient.
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2.2 Treatment of breast primary

In February 2016, the patient was treated with weekly paclitaxel, HER2-targeted monoclonal antibody therapies (trastuzumab + pertuzumab), and gonadotropin-releasing hormone (GnRH) agonist for 16 weeks. All of the masses became non-palpable after treatment. A post-neoadjuvant chemotherapy PET scan showed metabolic quiescence in both breasts and axilla. In August 2016, she underwent a bilateral nipple-sparing total mastectomy, left axillary dissection, right sentinel node biopsy, and implant insertion. Pathology revealed the following: no residual tumors in the left tumor bed at 2H (ypT0N1M0) and the right tumor bed at 8H; residual invasive ductal carcinoma grade II (0.2 cm with 3 foci), with no lymphovascular invasion, a posterior margin of 1 cm, and associated ductal carcinoma in situ in the right tumor bed at 10H, scored as ypT1N0(sn)(i-)M0, with triple positivity (ER Allred score of 8, PR Allred score of 6, and HER2 immunohistochemistry [IHC] score 3+) and a Ki-67 index of 7%; and involvement of 3/20 left axillary nodes (largest: 0.8 cm with 0.3 cm extracapsular extension), but no involvement among 4 sentinel nodes in the right axilla. The patient received adjuvant locoregional radiotherapy (RT; 40 Gy in 15 fractions) of the left supraclavicular fossa and the left chest in November 2016. She was maintained for up to 1 year on anti-HER2 therapy with trastuzumab and pertuzumab, with a GnRH agonist and letrozole.




2.3 Brain metastasis from breast primary and second primary malignancy

In October 2018, she was diagnosed with a second primary malignancy: a RT-induced undifferentiated pleomorphic sarcoma (1.1 cm) of the left chest wall, which was treated with wide local excision with clear margins. Eighteen months later, she presented with headache and diplopia, and received an MRI scan that showed a firm, dural-based tumor (7.0 cm × 5.0 cm) with hypervascularity in the left parieto-occipital lobe (Figure 1A). Tumor resection revealed pathology consistent with metastatic BC. She completed RT (40 Gy in 10 fractions) for the brain tumor bed and whole-brain RT (30 Gy in 10 fractions). In August 2020, she was given capecitabine, lapatinib, a GnRH agonist, and tamoxifen as first-line treatment for the metastatic BC.

[image: MRI scans showing multiple views of the brain with highlighted areas and measurements. Panel A shows a tumor measuring 7.28 cm. Panel B displays a tumor measuring 2.95 cm by 2.1 cm from two angles. Panel C reveals a tumor measuring 3.44 cm.]
Figure 1 | MRI scans of brain metastases in the patient showing a 7 × 5 cm dural-based tumor in the left parieto-occipital lobe in May 2020 (A), recurrence with multiple lesions in the left parieto-occipital region in December 2021 (B), and progression of the major lesion in the left parieto-occipital region in November 2022 (C).

Follow-up computed tomography (CT) and MRI scans conducted between October 2020 and March 2021 showed no evidence of tumor recurrence. Considering the risk of colorectal cancer associated with Li-Fraumeni syndrome, two colonoscopies were conducted (April 2019 and April 2021), neither of which showed any significant findings.




2.4 Management of recurrences of brain metastases

In November 2021, an MRI showed multiple bone metastases at the L1, L3, L5, and S1 vertebrae. The patient was given denosumab 120 mg subcutaneously every 4 weeks (upon the drug approval from the hospital committee since April 2022). The L3 segment had spinal canal invasion, with pathological fracture and spinal stenosis, which was treated with a corpectomy. The pathological results indicated metastatic BC remained to be triple positive (ER 5, PR 0, HER2 IHC score 3+, and a Ki67 index of 25%). A brain MRI scan in the following month showed recurrence, with multiple lesions in the left parieto-occipital region (largest: 3.4 cm × 2.9 cm × 4.1 cm) (Figure 1B). In March 2022, the patient received second-line treatment comprising capecitabine plus targeted therapy with neratinib, a GnRH agonist, and letrozole (her menses stopped in October 2021). A follow-up brain MRI scan 1 month later showed a partial response, and a CT scan in October 2022 showed stable disease. However, after 7 months of neratinib treatment, MRI showed disease progression of the left parieto-occipital brain lesion (Figure 1C). We initiated third-line treatment with T-DXd (5.4 mg/kg once every 3 weeks) in November 2022. T-DXd has proven its superiority over chemotherapy in late lines, and for closer observation of adverse effects, hormonal therapy was saved sequentially after the chemo-containing ADC.

A chest CT scan 4 months later showed that there had been no progression in the T2 vertebra, in which remained a round osteoblastic lesion (1.5 cm × 1.5 cm; Figure 2). This CT scan also showed some fibrous stripes in the upper lobe of the left lung, but no other abnormalities were observed. Furthermore, monitoring of the cancer antigen 15-3 (CA15-3) level showed a continuous decrease from 48.5 U/mL to 11.2 U/mL between December 2022 and April 2023. Brain MRI showed that the size of the major mass in the left parieto-occipital lobe had decreased from 3.7 cm × 3.0 in November 2022 to 2.0 cm × 1.7 cm in April 2023 (Figure 3). Several cysts and small lesions remained in the left parieto-occipital region; however, no new lesions or midline shifts were found, and the ventricles and basal cisterns appeared normal. We concluded that the brain metastases responded well to treatment with T-DXd, and the patient has since been asymptomatic. Follow up chest and abdomen CT scans in July 2023 and October 2023 consistently showed post-surgical change of the lumbar spine in stable status with no new visceral or bony lesions.

[image: CT scan of an abdominal section showing various organs and structures. The image features axial views with a clear differentiation of soft tissues, bones, and possible abnormalities or lesions. Labels "R" and "L" indicate orientation.]
Figure 2 | Chest CT scan of the T2 vertebral metastasis in March 2023.

[image: MRI scan showing a cross-sectional view of a human brain. Two measurements are marked: one with a blue line labeled 1.74 centimeters and another with a yellow line labeled 2.03 centimeters. Labels RPH, PLH, and LAF appear at the edges.]
Figure 3 | MRI scan showing a decrease in the mass in left parieto-occipital lobe after treatment with T-DXd in April 2023.

The patient remains on T-DXd at the time of this writing in November 2023. To manage the potential side effects of T-DXd, supportive measures including antiemetics and corticosteroids were provided. The patient also received nursing and health education related to the new systemic therapy, as well as exercise and diet counseling. During follow-up visits while on therapy, the patient reported that she was able to maintain her professional and personal activities, including continuing her teaching career and volunteering at a cancer patient group to help other patients. From the perspective of quality of life, the treatment not only helps the patient achieve intact everyday functioning, but also enables her to actively participate in the community.





3 Patient perspective

T-DXd was accessible and effective for the treatment of brain metastases with triple-positive metastatic BC who had multiple risk factors and received multiple anti-HER2 therapies.




4 Discussion

For what used to be a tumor subtype with an aggressive phenotype bearing high recurrence rates and very poor outcomes, HER2+ advanced BC now beholds more treatment options. The introduction of HER2-directed therapies, most notably, trastuzumab, pertuzumab, ADCs such as trastuzumab emtansine (T-DM1) and T-DXd, and TKIs such as lapatinib, neratinib, pyrotinib, and tucatinib, has shown improvements in the prognosis of patients with HER2+ metastatic BC.

T-DXd has shown magnificent activity in patients pretreated with T-DM1. In the DESTINY-Breast01 trial of 184 heavily pretreated patients with a median of 6 prior lines of therapy, T-DXd provided a median PFS of 16.4 months. Responses were observed in 112 patients (60.9%; 95% CI, 53.4–68.0); the disease control rate was 97.3% (95% CI, 93.8–99.1) (17). These groundbreaking data resulted in the U.S. Food and Drug Administration (FDA) granting accelerated approval to T-DXd for patients with HER2+ cancer who have received 2 or more prior anti-HER2-targeted therapies in the metastatic setting (18).

Tucatinib is another agent with proven efficacy when given as third-line treatment for HER2+ advanced BC. Based on results from the phase 2 HER2CLIMB trial (19), the FDA approved tucatinib for use with trastuzumab and capecitabine in patients with unresectable or metastatic HER2+ BC, including those with brain metastases, who have been pretreated with at least 1 prior HER2-directed regimen in the metastatic setting (20). According to the trial, patients benefited with a statistically significant improvement in ORR (40.6% [95% CI, 35.3–46.0] vs. 22.8% [95% CI, 16.7–29.8]; P < 0.001), median PFS (7.8 vs. 5.6 months; HR, 0.54; 95% CI, 0.42–0.71; P < 0.001) and median overall survival (OS; 21.9 vs. 17.4 months; HR, 0.66; 95% CI, 0.50–0.88; P = 0.005) (19). Patients with brain metastases also experienced an improvement in intracranial PFS (9.9 vs. 4.2 months; HR, 0.32; 95% CI, 0.22–0.48; P < 0.0001), intracranial ORR (47.3% [95% CI, 33.7–61.2] vs. 20.0% [95% CI, 5.7–43.7]; P = 0.03), and OS (18.1 vs. 12.0 months; HR, 0.58; 95% CI, 0.40–0.85; P = 0.005) (21). Nevertheless, in real world setting it all comes down to accessibility and socio-economics, with disparity in drug approvals and reimbursement strategies across different countries.

Neratinib in combination with capecitabine was approved for HER2+ advanced or metastatic BC following 2 or more anti-HER2-based regimens. In the phase 3 NALA trial, 621 eligible patients were randomized to receive either neratinib plus capecitabine or lapatinib plus capecitabine. The 12-month PFS rate was higher with use of the neratinib combination (28.8%; 95% CI, 23.1–34.8) than with the lapatinib combination (14.8%; 95% CI, 10.3–20.1), but there was no significant improvement in the 12-month OS rate (HR, 0.881; 95% CI, 0.72–1.07; P = 0.2086), with almost twice as common Grade 3 diarrhea (24.4% vs. 12.5%) (22). The limited clinical benefits plus the high toxicity make this agent less appealing when compared with other existing options approved by the FDA.

Margetuximab, an anti-HER2 monoclonal antibody, was approved for use with chemotherapy in patients with metastatic HER2+ BC following 2 or more HER2-directed therapies, with at least 1 being for metastatic disease. In the phase 3 SOPHIA trial, 536 eligible patients were randomized to receive margetuximab or trastuzumab. Margetuximab, designed to elicit an antibody-drug-mediated cellular cytotoxicity response, reached a statistically significant yet clinically modest improvement in median PFS (5.7 vs. 4.4 months; HR, 0.71; 95% CI, 0.58–0.86; P < 0.001), with improved ORR (22% vs. 16%; P = 0.06) (23). However, it appears only to work in patients who have a particular genotype that puts them at a higher risk of not being able to generate that response. This agent was locally inaccessible, plus we do not have a way to test for that genotype.

In view of the relatively large molecular size, ADCs were considered unlikely to penetrate the blood-brain barrier (BBB) and thus inefficacious for the treatment of brain metastases (24). However, prior RT to the brain tumor bed and whole-brain RT might induce leakage of the BBB at the site of metastases through apoptosis and senescence in cells of the neurovascular unit (25). Additionally, RT might lead to vascular leakage and further permeabilize the BBB by reducing astrocytes, pericytes, and tight junction proteins in paracellular channels (25), allowing T-DXd to penetrate the brain parenchyma and act on the tumors.

In the phase 2 TUXEDO-1 trial, T-DXd provided a high intracranial response rate (73.3%; 95% CI, 48.1–89.1) among patients with active brain metastases from HER2+ BC (11). Our patient also demonstrated the efficacy and safety of T-DXd for the treatment of brain metastases. After development and progression of brain lesions, our patient was started on T-DXd as third-line treatment and had a rapid reduction in the size of the major brain mass, with a significant decline in CA15-3 within the first 4 months. She found T-DXd well-tolerated and reported no serious adverse events.

T-DXd can be given as a second-line treatment in patients with metastatic HER2+ BC. In the phase 3 DESTINY-Breast03 trial (26), T-DXd significantly improved PFS (28.8 vs. 6.8 months; HR, 0.33; 95% CI, 0.26–0.43; P < 0.0001) and OS both not reached [NR] (HR, 0.64; 95% CI, 0.47–0.87; P = 0.0037) compared with T-DM1 in the second-line setting. The benefit of T-DXd over T-DM1 (PFS, 15.0 vs. 3.0 months; HR, 0.25; 95% CI, 0.13–0.45; ORR, 67.4% vs. 20.5%) was consistently demonstrated in the subgroup of patients with brain metastases (27). The European Society for Medical Oncology has recommended T-DXd as a second-line treatment option for patients with HER2+ BC (28).
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Case report: A rare case of breast and multiorgan metastases secondary to papillary thyroid carcinoma
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Papillary thyroid carcinoma (PTC) is generally considered a highly indolent endocrine malignancy, often accompanied by cervical lymph node metastasis and rarely involving distant metastases. We present a rare case of a 37-year-old woman with PTC, who exhibited regional lymph node metastasis, right breast metastasis, and probable right psoas major and multiple bone metastases. Initial symptoms included hoarseness, and subsequent examination revealed a secondary malignant tumor in the right breast, originating from the thyroid gland. This case highlights an unusual pattern of multiple systemic metastasis in PTC, particularly the rare occurrence of breast metastasis.
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Introduction

Monitoring and epidemiological data show that thyroid cancer is the most common endocrine malignant tumor, and the incidence in female patients is almost three times than that in male patients (1, 2). Among various histological types, papillary thyroid carcinoma (PTC) is the most common type, accounting for 70%–80% of all cases (3). PTC is usually known as an inert tumor, with a 10-year survival rate of approximately 93% (3, 4). The cancer-related deaths attributed to encapsulated non-invasive follicular PTC variants have not been reported, and the estimated risk of recurrence is less than 1% (1). Conversely, specific gene mutation-harboring PTC subtypes exhibit heightened aggressiveness, correlating with advanced tumor stages and lymph node metastases at initial diagnosis (1). Despite garnering heightened research interest and an expanding case repository for these aggressive variants, the occurrence of multiple metastases in PTC, particularly breast metastasis, remains an exceedingly unusual clinical phenomenon. Here, we present a case study of a 37-year-old female patient who developed breast and multiorgan metastases as a sequel to PTC.





Case description

Informed consent was obtained from the patient, who signed a consent form.

A 37-year-old female patient was diagnosed with PTC after initially presenting with hoarseness. In the preoperative routine examination, the physical examination revealed a hard, movable mass with a diameter of approximately 1.0 cm in contact with the left thyroid gland. This mass moved up and down with swallowing and was not tender. Upon physical examination, palpable multiple masses were observed within the right thyroid gland, with the largest measuring approximately 2.0 cm × 3.0 cm. Additionally, multiple enlarged lymph nodes were palpable on both sides of the neck, of which the larger one on the left side was approximately 3.0 cm in diameter, and the larger one on the right side was approximately 2.0 cm in diameter. Thyroid ultrasound revealed multiple punctate calcifications in both lobes, along with the presence of multiple nodules classified as TI-RADS 4c in both lobes and a follicular cyst in the left lobe categorized as TI-RADS 2. Furthermore, it indicated enlarged lymph nodes in bilateral II, III, IV, and VI zones of the neck, suggestive of metastatic lymph nodes (Figure 1A). Neck CT scanning demonstrated scattered nodules and masses bilaterally within the thyroid gland, prompting consideration of thyroid cancer. The scan also revealed extensive lymph node metastasis in bilateral Ib–V regions and the anterior–superior mediastinum, as well as multiple instances of bone destruction in the lower cervical spine, indicative of metastasis (Figure 1B). Breast color Doppler ultrasound examination identified a solid mass in the right breast, classified as BI-RADS 4b, prompting an ultrasound-guided biopsy for pathological assessment (Figure 1C). Histopathological analysis confirmed the presence of adenocarcinoma in the right breast mass, which, upon correlation with HE morphology and immunophenotyping, was consistent with a thyroid origin. Immunohistochemistry results showed TTF-1 (+), PAX-8 (+), TG (+), GATA-3 (−), TRPS1 (weak +), P53 (weak +, wild type expression), Ki67 (ClONE: SP6) (Li:2%), and BRAF (V600E) (−). CCDC6-RET (Exon 1–Exon 12) gene fusion was positive (Figure 2).
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Figure 1 | Patient imaging evaluation. (A) Thyroid color Doppler ultrasound revealed the presence of multiple punctate strong echoes within the bilateral lobes of the thyroid gland. These findings were accompanied by multiple hypoechoic and isoechoic masses, exhibiting indistinct boundaries and irregular contours. The internal echogenicity was heterogeneous, with evidence of multiple small calcifications. CDFI demonstrated discernible blood flow signals within these masses. Additionally, multiple lymph node echoes with well-defined boundaries but irregular shapes were identified in the bilateral cervical regions (zones II, III, IV, and VI). Some of these lymph nodes exhibited fusion, and the structure of the cortex and medulla was not clear. A subset of these lymph nodes displayed intense punctate echoes, and CDFI confirmed the presence of blood flow signals. (B) CT scan of the neck showed multiple lymph node metastasis in the anterior–superior mediastinum and multiple bone destruction in the lower cervical spine. (C) Breast color Doppler ultrasound examination of the right breast detected a 0.95 × 0.77 × 0.84 cm low-echoic mass, characterized by a clear boundary and an irregular shape. Certain sections of this mass exhibited angular features, with an aspect ratio > 1. CDFI analysis further revealed abundant blood flow signals within the mass.
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Figure 2 | Pathological results of breast tissue in patients. (A) Immunohistochemical analysis revealed positive staining for thyroglobulin (Tg), thyroid transcription factor-1 (TTF-1), and PAX-8. Notably, TRPS1 staining was observed to be weakly positive, whereas GATA-3 staining was definitively negative. (B) HE staining showed that the right breast mass was consistent with adenocarcinoma. (C) PCR results indicated a positive fusion of the CCDC6-RET gene (Exon 1 to Exon 12). (D) HE staining of the resected specimen from the right breast mass confirmed the presence of (right breast) adenocarcinoma.

Combined with the above suggested metastasis, in order to investigate whether there is metastasis in other distant organs of the patient, we advocate the utilization of positron emission tomography–computed tomography (PET-CT) imaging. The findings indicate the presence of multiple, slightly hypoechoic nodules within the bilateral lobes of the thyroid gland, prompting the consideration of thyroid cancer. Furthermore, the possibility of lymph node metastasis is entertained in the bilateral neck, supraclavicular region, and mediastinum, based on observed abnormalities. In the outer lower quadrant of the right breast, soft tissue density nodules were discernible, raising the suspicion of metastatic lesions, thereby not excluding breast cancer as a differential diagnosis. Additionally, an abnormal nodular radioactive concentration shadow in the right psoas major muscle suggests the likelihood of metastatic involvement. Bone destruction was also observed in the second rib and the seventh cervical vertebra on the right side, and bone metastasis was considered (Figure 3).
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Figure 3 | PET-CT results of patients. PET-CT imaging revealed multiple, slightly hypoechoic nodules within the bilateral thyroid lobes, suggesting the possibility of lymph node metastasis in the bilateral neck, supraclavicular region, and mediastinum. Furthermore, soft tissue density nodules were discernible in the outer lower quadrant of the right breast. Additionally, a nodular abnormal radioactive concentration shadow was observed in the right psoas major muscle; bone destruction was evident in the right second rib and seventh cervical vertebra.

The patient underwent a comprehensive surgical procedure encompassing bilateral thyroidectomy coupled with dissection of bilateral central and cervical lymph nodes. Postoperative pathological examination revealed a papillary carcinoma of the common type, exhibiting intraglandular dissemination, with a little hobnail-like subtype (<1%). This subtype was further characterized by invasion into the thyroid capsule and extracapsular adipose tissue. Metastatic carcinoma was identified in 26 out of 57 lymph nodes examined. Immunohistochemical analysis indicated a negative BRAF (V600E) status in the thyroid cancer cells.

For breast metastatic lesions, without the excisional biopsy, the possibility of an independent tumor solely originating in the breast cannot be excluded. In such cases, we performed the local excision for biopsy, which can not only confirm its origin but also specify its nature (5). Therefore, the patient also underwent resection of the right breast mass under local anesthesia. Pathological examination suggested that (right breast) adenocarcinoma, combined with medical history and HE morphology, was consistent with the source of thyroid cancer. So far, the postoperative pathological examination results confirmed that the patient’s breast malignant tumor originated from a thyroid malignant tumor.

According to the current treatment principles for metastatic tumors (6), for breast metastatic lesions, only a local tumor resection is performed, without radiation therapy and chemotherapy related to metastatic breast cancer. After the tumor resection, it is clear that the metastatic breast cancer originates from thyroid cancer. According to the diagnosis and treatment suggestions for differentiated thyroid cancer (DTC), the patient is recommended to receive subsequent iodine-131 treatment.

Subsequently, the patient received iodine-131 treatment, and the condition was well controlled. Follow-up to August 2024, the patient lived in other provinces and did not receive any examination and treatment. The patient reported that the general condition was good, but the hoarseness was not improved.





Discussion

Distant metastases in PTC are infrequent, manifesting in less than 10% of individuals diagnosed with DTC. Notably, half of these metastases are already present at the time of initial tumor detection, whereas the remaining instances may remain undetected until several decades after treatment (1). The incidence of thyroid cancer metastasis is heightened in patients harboring invasive histological subtypes, including the high cell, columnar, hobnail, and solid variants. The lung and bone are the most frequently implicated sites of metastasis, accounting for 49% and 25% of all cases, respectively. Concurrent involvement of both sites occurs in 15% of cases, while metastases to the brain, liver, and skin are comparatively rare (1). In clinical practice, metastatic dissemination to atypical organs, such as the breast, skin, eyes, pancreas, and skeletal muscle, is infrequently reported. The diagnosis of distant metastasis is typically predicated on the presentation of clinical symptoms or the detection of suspicious imaging findings. The overall mortality rates at 5 and 10 years subsequent to the diagnosis of distant metastasis are 65% and 75%, respectively (1).

In the case reported by Dris Kharroubi et al., there was a 19-year-old woman with multifocal typical PTC without local lymph node infiltration. After receiving surgical treatment and radioactive iodine treatment, breast metastases were found after a radioactive iodine scan (7). Compared with the case reported by Kharroubi et al., the local infiltration of the primary tumor in our case was more serious and there were more distant metastases. In the case reported by Dan Zhang et al., there was a middle-aged female patient with papillary thyroid oncocytoma with distant metastasis of the breast and cervical spine. In the case of multiple recurrences, she only received surgical treatment of the primary tumor and eventually died of cancer cachexia (8). The case we reported is similar to the case reported by Dan Zhang et al., which is also a middle-aged female patient with cervical lymph node infiltration and distant metastasis of breast and cervical spine. However, the primary tumor subtypes of the two are different, and the compliance is also different.

BARF and RET genes are associated with distant metastasis of PTC. BRAF V600E mutations are frequently observed in subsets of PTC, exhibiting more aggressive clinicopathological profiles, as reported in the literature (9). In the case of this patient, a positive CCDC6-RET (Exon 1–Exon 12) gene fusion was detected. RET kinase fusion occurs in a minority of PTC patients, ranging from 10% to 20% (10), and it exhibits a mutually exclusive pattern with other driver mutations, including BRAF and RAS mutations, as well as alternative receptor tyrosine kinase (RTK) fusions, indicating RET fusion as a pivotal oncogenic event in the pathogenesis of PTC (10).

At present, studies have shown that mutations, including fusions, involving the BRAF and RET genes are associated with a higher likelihood of a clinical diagnosis of thyroid cancer (11). Simultaneously, several studies have emphasized that the incidence of lymph node and distant metastasis in thyroid cancer exhibiting BRAF gene mutations is notably low, suggestive of a potential protective mechanism (12). Conversely, individuals harboring RET gene fusion mutations demonstrate a heightened predisposition towards lymph node, nerve, vascular, and distant metastases (13). Additionally, the current investigation of relevant gene mutations of DTC primarily focuses on the prediction of the metastasis to lymph node or bone. As for organ metastasis, particularly specific to the breast, whether it possesses certain characteristics of gene mutations remains uncertain due to the lack of large-scale validation. As a result, a definitive correlation and a theoretical conclusion cannot be drawn at this time. We will try to do some exploration on this aspect. We anticipate that there will be more research in this area in the future.

In accordance with established guidelines (1), all patients diagnosed with DTC ought to undergo neck ultrasonography and serum thyroglobulin (Tg) and thyroglobulin antibody (TgAb) detection within 6 to 18 months after initial therapeutic intervention. For high-risk PTC patients, as exemplified in this case report, if the therapeutic response is favorable, a more rigorous assessment of serum Tg and TgAb levels is paramount to accurately gauge the treatment efficacy pertaining to distant metastases.

We conducted multidisciplinary team consultations with thyroid surgeons and oncologists, and concluded that the patient’s thyroid cancer is currently well-differentiated PTC, and postoperative adjuvant therapy is still based on iodine-131 radiotherapy to treat metastases. However, in view of the large number of metastases and the large range of lesions in patients, we would also recommend that patients undergo external radiotherapy at the relevant site. At the same time, in view of the patient’s pathological type suggesting BRAF V600E mutation and RET gene mutation, we may suggest that the patient should be treated with vemurafenib, trimetinib, and dabrafenib mesylate to treat BRAF V600E mutant tumors. If the above treatment methods fail to achieve satisfactory results, pratinib can be used to treat RET fusion thyroid cancer, and sorafenib and other small-molecule multikinase inhibitors targeted the inhibition of Raf kinase.

In summary, despite the generally favorable prognosis of PTC, the potential for distant or even multiple organ metastases underscores the importance of meticulous attention to PTC classification, specific gene expression profiling, postoperative adjuvant therapies (encompassing endocrine therapy, biological therapy, radiotherapy, and others), and rigorous follow-up protocols. Such comprehensive management strategies are vital for ameliorating poor prognostic outcomes associated with this disease.





Conclusion

Despite thyroid cancer being an endocrine malignancy characterized by high indolence and generally favorable prognosis, it necessitates vigilant attention. In clinical practice, heightened emphasis should be placed on the detection and assessment of multiple genetic markers in patients with PTC. Furthermore, for patients harboring high-risk factors for metastasis, surveillance must encompass not only lymph node and bone metastases but also potential dissemination to other bodily tissues, including the breast. Additionally, we aspire to gain deeper insights into the correlations and underlying mechanisms linking clinical manifestations such as the onset, progression, and metastasis of thyroid cancer with multiple genetic mutations.
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This study reports a rare case of concurrent invasive lobular carcinoma (ILC) of the breast and ALK-negative anaplastic large cell lymphoma (ALCL) detected during sentinel lymph node biopsy (SLNB). A 55-year-old female underwent breast cancer surgery following abnormal breast screening results, revealing ILC histologically. Unexpectedly, SLNB identified ALCL, later confirmed on pathology. The patient received no ALCL-specific treatment due to lack of additional lesions and remained recurrence-free post-surgery. The paper discusses diagnostic challenges, emphasizing comprehensive evaluation and multidisciplinary collaboration. It highlights the rarity of simultaneous ALCL and breast cancer without prior radiation, stressing the importance of clinical vigilance. Despite challenges in differentiation and treatment optimization, individualized patient care is crucial. Further research into concurrent ALCL and breast cancer is essential for improved management strategies. This case underscores complexities in managing rare malignancies and emphasizes the need for tailored approaches for optimal patient outcomes.
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Introduction

Breast cancer is the most common malignant condition in women globally as of 2020, with almost 2.26 million women newly diagnosed in that year. It ranks fifth among the most common causes of cancer-related death worldwide, yet it remains the leading cause of cancer death in less developed countries (1). Studies conducted by Gilchrist (2) and Zeidman and Buss (3) in the 1940s demonstrated that metastatic cells spread through regional lymphatics in an organized and reproducible manner, laying the groundwork for the evolution of Sentinel lymph node biopsy (SLNB). As a result, SLNB has become an integral part of contemporary breast cancer treatment, serving both as a staging and therapeutic tool, with axillary surgery traditionally considered essential (4). Anaplastic large cell lymphoma (ALCL) is a subtype of T-cell lymphoma (TCL) characterized by the presence of large cells and a strong, diffuse expression of the activation marker CD30. It is further classified into ALK-positive (ALK+) and ALK-negative (ALK-) subtypes based on the expression or absence of anaplastic lymphoma kinase (ALK) (5). Additionally, ALK-negative ALCL is currently categorized into systemic, primary cutaneous, and breast implant-associated ALCL (6). However, the simultaneous occurrence of ILC and ALK-negative ALCL is exceedingly rare and, to our knowledge, has not been previously reported. We aim to report on a case of ALCL incidentally detected during SLNB performed during breast cancer surgery in a patient who did not undergo breast augmentation with implants.





Case description

A 55-year-old female patient visited the outpatient clinic after being recommended to undergo a tissue biopsy due to abnormal findings identified during regular breast screening mammograph (MMG) and breast ultrasound (US). The patient had previously undergone regular breast screening with MMG every two years, and no significant findings were observed during that period. She had no previous diagnosed conditions and was not taking any medications. The patient mentioned a family history of her father passing away from pancreatic cancer and her sister undergoing treatment for breast cancer. She started menarche at the age of 15 and is currently not in menopause. After the outpatient visit, an US was performed, revealing an indistinct margin hypoechoic mass measuring 1.5 cm, located 4 cm from the nipple at the 9 o’clock direction of the patient’s right breast (Figure 1). A core needle biopsy was performed on the detected mass, and the histological examination confirmed invasive lobular carcinoma (ILC). The immunohistochemistry staining results were estrogen receptor (ER) positive with an Allred score of 8, progesterone receptor (PR) positive with an Allred score of 8, human epidermal growth factor receptor-2 (HER2) score of 2, indicating equivocal result, and no amplification of HER2 was detected according to fluorescent in situ hybridization (FISH). To assess the staging of the patient before surgery, a breast magnetic resonance imaging (MRI), chest computed tomography (CT), abdominopelvic CT (A-P CT), and a bone scan were performed. The results of the examinations did not reveal any distant metastasis. The breast MRI showed a 2.1 cm x 1.1 cm x 2.2 cm lesion that was confirmed ILC (Figure 2A), and a suspicious lymph node measuring 1.7 cm was identified at axillary level I (Figure 2B). Additionally, a 0.5 cm low echoic lesion was observed in the 1 o’clock position of the right breast on breast US, and it was decided to remove it concurrently during the breast cancer surgery. Three weeks after the outpatient visit, the patient underwent a right breast lumpectomy and a SLNB. During the surgery, two lymph nodes were harvested for SLNB and they were examined using frozen section biopsy, which confirmed metastasis. As a result, an axillary lymph node dissection was performed for levels I and II of the axillary lymph nodes. The final pathologic report revealed that the breast cancer measured 3cm x 3cm in size ILC. The nuclear grade and histologic grade were both grade 1, indicating a well-differentiated tumor. Lobular carcinoma in situ was extensively present. Lympho-vascular invasion was not identified, and there was no lymph node metastasis among the 15 axillary lymph nodes examined, including the 2 sentinel lymph nodes. The hormone receptor status showed that the ER and PR were positive with an Allred score of 8. However, the HER-2 score was 1, indicating a negative result. The p53 protein was negative, suggesting no abnormalities, and the Ki-67 proliferation index was 10%, indicating a low level of cell proliferation. Interestingly, the final histological examination results differed from the intraoperative frozen section analysis as no evidence of breast cancer metastasis was found in the axillary lymph nodes. Enlarged sentinel lymph nodes were examined for pathologist’s intraoperative consultation. At that time large atypical cells were noted in the sinuses of the sentinel lymph nodes and it was difficult to distinguish metastatic lobular carcinoma from malignant lymphoma. Thus, the final decision for the sentinel lymph nodes was deferred to permanent sections. The lumpectomy specimen of the breast revealed typical microscopic features of invasive lobular carcinoma with associated extensive lobular carcinoma in situ (Figure 3A). Immunohistochemically the tumor cells revealed lack of E-cadherin expression (Figure 3B) and diffuse strong positivity for ER and PR. Therefore, the breast lesion was diagnosed as invasive lobular carcinoma. But the microscopic features of sentinel lymph nodes revealed proliferation of atypical large cells within sinuses (Figure 4A). Immunohistochemically the atypical cells were negative for cytokeratin (Figure 4B) and ER. Thus, the possibility of metastatic carcinoma was excluded. The atypical large cells in the sentinel lymph nodes were positive for CD45, CD30(Figure 4C), and MUM1, and negative for ALK, CK-multi (AE1/AE3), ER, CD10, EBV (in situ hybridization), CD15, EMA, granzyme B, TIA-1, p53, PAX-5, and CD20 (L26). The Ki-67 labeling index was high, and focal positivity was noted for CD3, CD2, CD4, CD5, CD8, CD45RO (UCHL1), and CD43. CD68 positivity was observed in sinusoidal histiocytes, while PR, CK5/6, E-Cadherin, p63, and bcl-2 were non-contributory. These findings led to the final diagnosis of ALK-negative ALCL in the sentinel lymph nodes.

[image: Ultrasound image showing a hypoechoic mass in a soft tissue area, marked by crosshair symbols. The surrounding tissue appears heterogeneous, suggesting varying tissue densities.]
Figure 1 | Ultrasound image of a breast lesion.

[image: Two MRI images labeled A and B showing cross-sections of the chest region. Image A focuses on the heart, centrally located. Image B shows a highlighted area on the left side with a measurement indicating 16.93 millimeters.]
Figure 2 | Breast MRI image of (A) breast and (B) axillary area.

[image: Two panels labeled A and B compare tissue samples. Panel A shows a close-up of tissue with densely packed pink and purple cells, indicating active staining. Panel B depicts a similar tissue with a much lighter background and less intense cell coloring, indicating reduced staining.]
Figure 3 | (A) x200 HE The breast tumor shows characteristic morphologies of invasive pleomorphic lobular carcinoma (right) and lobular carcinoma in situ (left). (B) x200 Immunohistochemistry Breast tumor cells are negative for E-cadherin.

[image: Three-part histology image showing stained tissue samples. Panel A shows a section with dense clusters of purple cells on a pink background. Panel B displays a lighter blue-stained section with evenly distributed cells. Panel C highlights a sample with brown-stained cells interspersed on a bluish background.]
Figure 4 | (A) x200 Immunohistochemistry Atypical large cells are positive for CD30. (B) x200HE The sentinel lymph node shows proliferation of large atypical lymphocytes within sinuses. (C) x200 Immunohistochemistry Large atypical cells are negative for cytokeratin.

Based on these final pathological results, the patient was diagnosed with both breast cancer and ALCL. The patient was referred to the hemato-oncology department for further testing and confirmation of ALCL. No additional lesions of ALCL were found in the chest CT and A-P CT performed as part of the preoperative evaluation. As adjuvant radiation therapy was planned to include the surgical site in the right axillary area, it was decided to observe the patient’s progress without additional treatment for ALCL. Six months after completing radiation therapy, follow-up examinations—including breast MRI, chest CT, and A-P CT—did not reveal any evidence of breast cancer or ALCL recurrence. Consequently, the decision was made to continue observation at six-month intervals while the patient received ovarian function suppression injections and tamoxifen as adjuvant treatment for breast cancer. Over the subsequent four years, no specific findings of recurrence or progression were observed, and the patient remains under ongoing surveillance.





Discussion

Axillary nodal involvement has been firmly established as a prognostic indicator, with a decrease in 5-year survival ranging from approximately 28% to 40% in affected patients (7) Therefore, axillary surgery serves not only as a staging tool but also contributes to locoregional control, potentially leading to improved survival outcomes. The role of axillary surgery in clinically node-negative (cN0) axilla was initially investigated in trials conducted by the National Surgical Adjuvant Breast and Bowel Project (NSABP B-04) and the Cancer Research Campaign Working Party (King’s/Cambridge) (8, 9). These trials demonstrated that treatment of cN0 axilla with either surgery or radiotherapy did not confer a survival benefit compared to observation and treatment at the time of recurrence. As a result, SLNB has emerged as a guiding tool for determining disease staging and the need for axillary lymph node dissection.

It is already known that the incidence of breast cancer in young female patients increases after treatment of lymphoma due to chest radiotherapy performed for the treatment of Hodgkin lymphoma (HL) (10, 11). However, it is very rare that invasive breast cancer and axillary lymphoma are simultaneously identified in patients with no previous history of radiation therapy. In a previous literature report, there have been several reports of focal lymphoma in sentinel lymph node biopsy or axillary lymphoma in situ performed during surgery in patients with invasive breast cancer or ductal carcinoma in situ, but no reports of ALCL been identified as in this case (12–14).

The co-occurrence of breast cancer and lymphoma is a rare clinical scenario, one that remains poorly understood by oncologists, hematologists, and pathologists alike. In this case, the patient presented with ILC of the breast and ALK− ALCL, an uncommon combination. ILC itself is a less frequent subtype of breast cancer, often associated with a diffuse, infiltrative growth pattern and later-stage diagnosis (1, 2). ALK− ALCL, on the other hand, is a rare and aggressive form of lymphoma that typically affects older adults, with a median age of diagnosis in the sixth decade of life (5, 16). The patient in this case fits within the expected age range for both diseases, which may point to an age-related vulnerability or a potential shared mechanism, such as immune dysregulation, leading to the development of both malignancies.

ALCL is a type of TCL characterized by large cells and strong CD30 expression. It is divided into ALK+ and ALK- groups, with each comprising about 50% of cases. ALK+ ALCL is more common in children and has a better prognosis, while ALK- ALCL is more common in adults and has a more aggressive behavior (15). Diagnosis of ALK- ALCL can be challenging due to its morphological similarity to other large TCL with CD30 expression. Recent molecular studies have identified diverse genetic alterations in ALK- ALCL, leading to potential further subtyping based on genetic abnormalities (1, 15).

Differentiating between ALK- ALCL and carcinomas can be challenging due to potential morphological overlap, particularly in poorly differentiated cases. Carcinomas lack “hallmark” cells and exhibit glandular or squamous differentiation, distinguishing them from ALCL. ALK- ALCL is negative for cytokeratins and germ cell markers OCT3/4 and SALL4. Poorly differentiated carcinomas are cytokeratin-positive and lack CD30 and T-cell markers, with variable expression of organ-specific transcription factors. Careful interpretation of epithelial membrane antigen (EMA) is warranted, as it may be positive in ALK- ALCL (5). As a result, it is deemed that reaching a definitive conclusion from intraoperative frozen section pathology results would have been difficult.

Differentiating ALCL from other CD30+ lymphomas, such as HL, PTCL, and Mycosis Fungoides (MF), is critical due to differences in treatment approaches and prognosis. ALCL, characterized by large anaplastic cells expressing CD30, can be divided into ALK+ and ALK- subtypes, with distinct clinical and pathological features (5). HL, another CD30+ lymphoma, typically presents with Reed-Sternberg cells in a mixed inflammatory background. While CD30 expression is a common feature, ALCL differs by the presence of hallmark cells and the potential for ALK expression, which is absent in HL. Additionally, ALCL usually exhibits a more aggressive clinical course than HL, necessitating a different therapeutic strategy (6). PTCL is a heterogeneous group of T-cell malignancies, some of which can express CD30. However, unlike ALCL, PTCL lacks the characteristic large anaplastic cells with horseshoe-shaped nuclei. Immunophenotypic differences, such as the lack of ALK expression and distinct genetic aberrations, further aid in differentiating PTCL from ALCL (15). MF, primarily a cutaneous T-cell lymphoma, can exhibit CD30 positivity, particularly in transformed cases or in Sézary syndrome. However, MF typically presents with skin lesions and follows an indolent course, contrasting with the often systemic and aggressive nature of ALCL. The histopathological examination in MF shows epidermotropism and smaller, cerebriform lymphocytes, which are distinct from the large anaplastic cells of ALCL (16). In summary, while CD30 expression is a shared feature among these lymphomas, the diagnosis of ALCL is supported by its unique cellular morphology, the potential presence of ALK expression, and its distinct clinical presentation. Accurate differential diagnosis is essential for guiding appropriate therapeutic decisions and improving patient outcomes.

The management of ALK- ALCL poses challenges similar to those encountered in ALK+ ALCL. Despite higher relapse rates, current frontline therapies, primarily CHOP regimen (cyclophosphamide, hydroxydaunorubicin, oncovin, prednisone), yield unsatisfactory results with 5-year progression-free survival rates ranging from 30% to 55% (16). In most cases of follicular lymphoma that was concurrently diagnosed with breast cancer, adjuvant chemo therapy was administered (12). However, in the patient reported by Cox et al., who had low-grade follicular lymphoma, observation without adjuvant chemo therapy was also pursued (17). In our case, apart from ALCL identified solely in the axillary lymph nodes, no other suspicious lesions were found, and the patient did not exhibit any specific symptoms, so additional treatment for ALCL was not administered.

Recent advancements in molecular diagnostics, such as testing for DUSP22 and TP63 rearrangements, could offer valuable insights into ALK-negative ALCL prognosis and aid in distinguishing it from peripheral T-cell lymphoma (PTCL) NOS (5, 15). Although these tests were not performed in this case due to the lack of systemic lymphadenopathy and the stable condition of the patient, they might be considered in future cases to refine diagnosis and treatment plans.





Conclusion

In conclusion, our report highlights a rare case of concurrent ILC of the breast and ALK- ALCL detected incidentally during SLNB. This underscores the necessity of thorough diagnostic evaluation and multidisciplinary collaboration in managing complex malignancies. The concurrent presence of ALCL and breast cancer without prior radiation therapy underscores the need for heightened clinical suspicion and comprehensive pathological assessment to ensure accurate diagnosis and appropriate treatment planning. The rarity of simultaneous ALCL and breast cancer without prior radiation therapy underscores the importance of heightened clinical suspicion and comprehensive pathological assessment to ensure accurate diagnosis and appropriate treatment planning. Challenges persist in differentiating ALCL from other large TCL and optimizing treatment strategies for ALK- ALCL. While our case contributes to existing literature, further research into the molecular characteristics and prognostic implications of concurrent ALCL and breast cancer is warranted to guide future management decisions. This case exemplifies the complexities inherent in managing rare malignancies and emphasizes the importance of individualized patient care and a multidisciplinary approach to optimize outcomes. Further research into the molecular characteristics and prognostic implications of concurrent ALCL and breast cancer is warranted to guide future management decisions.
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Case report: Prolonged benefit of ESG401, a Trop2 antibody-drug conjugate, in endocrine-refractory hormone receptor-positive, HER-2 negative metastatic breast cancer
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Breast cancer (BC) remains a leading cause of cancer-related mortality in women, with hormone receptor-positive (HR+) tumors accounting for a significant proportion of cases. Despite advancements in endocrine therapy (ET), resistance remains a challenge in metastatic settings. The use of cyclin-dependent kinases 4/6 (CDK4/6) inhibitors in combination with endocrine therapy has notably improved survival. In China, when patients develop resistance to CDK4/6 inhibitors (CDK4/6i) or face financial constraints that prevent their use, chemotherapy becomes the standard treatment approach. This highlights an urgent need for effective treatments following CDK4/6i therapy. ESG401 is a novel trophoblast cell-surface antigen 2 (Trop2) directed antibody-drug conjugate (ADC) with promising preclinical and early clinical efficacy and safety data. We report a case of a 61-year-old female with HR+HER2- metastatic breast cancer (MBC) who developed resistance to fulvestrant and subsequent chemotherapy but achieved a durable partial response (PR) lasting more than 22.5 months following ESG401 treatment. This case underscores the potential role of Trop2-directed ADCs, such as ESG401, in overcoming endocrine resistance and providing meaningful clinical benefit in heavily pretreated patients with HR+/HER2- MBC. Furthermore, the patient’s exceptionally long clinical benefit distinguishes her from other patients receiving ESG401 treatment. Further exploration of the use of ESG401 in HR+HER2- MBC patients, as well as a deeper understanding of the characteristics of patients that may impact sustained efficacy, in expanded clinical trials is warranted.
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1 Introduction

Breast cancer (BC) remains the most frequently diagnosed cancer, accounting for approximately 24.5% of all new cancer cases in 2020, and is the primary cause of cancer-related mortality in women (1). Hormone receptor-positive (HR+) tumors constitute 70-80% of all breast cancers (2). Due to the strong dependency of breast tumor development on the estrogen-estrogen receptor (ER) axis, estrogen suppression therapy and ER antagonists are the main treatments for hormone receptor-positive HER2-negative (HR+HER2-) metastatic breast cancer (MBC) (3). However, not all patients exhibit a favorable response to endocrine therapy (ET). Primary and acquired resistance to ET remains a challenge.

Several studies have revealed that endocrine therapy combined with cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) has the potential to overcome resistance to ET and significantly improve survival rates (4–6). Additionally, alternative options such as PIK3CA inhibitors (7), mTOR inhibitors (8), AKT inhibitors (9), and emerging oral selective estrogen receptor degraders (SERDs) are gaining attention as later-line treatments (10). However, the accessibility of some of these treatments is limited in China. For patients who have exhausted endocrine therapy-based options, single-agent chemotherapy remains the standard of care. However, later-line chemotherapy is associated with limited effectiveness, reduced quality of life, and significant toxicity, highlighting the pressing unmet medical needs of these individuals.

ESG401 is a novel antibody-drug conjugate (ADC) comprising a humanized IgG1 monoclonal antibody targeting trophoblast cell-surface antigen 2 (Trop-2) linked to the topoisomerase I inhibitor SN-38 via a proprietary stable-cleavable linker with a drug-to-antibody ratio (DAR) of 8. The preliminary results of a phase I/II study in locally advanced/metastatic solid tumors revealed that ESG401 is safe and well tolerated with promising efficacy in heavily pretreated patients (11). Here, we report a patient with HR+/HER2- MBC who exhibited primary resistance to fulvestrant and had received multiple prior chemotherapy treatments but demonstrated a durable response lasting more than 22 months after treatment with ESG401. At the time of writing, the patient has maintained this response and is still receiving treatment, demonstrating excellent effectiveness and tolerability to ESG401. This case highlights the prolonged clinical benefit achieved by this patient following ESG401 treatment.




2 Case description

In October 2019, a 61-year-old female patient presented to our hospital for the detection of multiple lung nodules by computed tomography (CT). She was diagnosed with lobular breast cancer (luminal B subtype) and underwent a modified radical mastectomy 5 years prior. She underwent adjuvant chemotherapy (epirubicin and cyclophosphamide followed by docetaxel) and received letrozole as adjuvant endocrine therapy until admission. She had a history of asthma, which was well controlled. There were no clinical symptoms or positive signs on physical examination. The chest CT revealed numerous pulmonary nodules, thickening of the bilateral pleural nodules, and enlarged lymph nodes in the mediastinum (Figures 1A, B). Endobronchial ultrasound-guided transbronchial needle aspiration of the mediastinum lymph node confirmed the recurrence of ER-positive, PR-negative, and HER2 2+/fluorescence in situ hybridization-negative breast cancer (Figures 1C–G). Metastases were not found in the brain, bones, or abdomen. She was diagnosed with metastatic lobular BC (lung, lymph node and pleural). The patient was advised to undergo CDK4/6 inhibitor-based endocrine therapy but was unable to afford it and declined the treatment at that time. Fulvestrant, a selective estrogen receptor down regulator, was administered. However, a CT scan performed 3 months later revealed significant growth in the lung nodules and a new mass in the liver (Figure 2), indicating primary resistance to endocrine therapy. Then, the patient underwent nine cycles of albumin-bound paclitaxel (200 mg, administered intravenously on Days 1 and 8 every 21 days) as second-line therapy, achieving a partial response (PR), followed by maintenance therapy with capecitabine. The progression-free survival (PFS) time was 13.6 months. Eribulin (2 mg, administered intravenously on Day 1 and Day 8, every 21 days) was then initiated as third-line therapy, resulting in another PR. Maintenance treatment with eribulin was continued for 14.7 months.
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Figure 1 | (A) Representative computed tomography (CT) scan images of the lung. (B) CT scan images of mediastinum lymph node metastases (white arrow). (C) Hematoxylin and eosin-stained (HE) section of a metastatic mediastinal lymph node (20×). (D–F) Immunohistochemistry (IHC) staining for ER, PR, and c-erbB-2 (HER2) expression in the metastatic mediastinal lymph node. (G) Fluorescence in situ hybridization (FISH) of the metastatic mediastinum lymph node revealed negative HER2 amplification. (H) Immunohistochemistry (IHC) staining for TROP2 expression in the metastatic mediastinal lymph node.

[image: A series of CT scan images show changes over time in a patient's internal organs, marked with arrows pointing to key areas. Dates range from 2019 to 2024, tracking treatment with Fulvestrant, albumin-bound paclitaxel, capecitabine maintenance, Eribulin, and ESG401. The timeline and corresponding treatments are displayed, illustrating progression and management stages over months.]
Figure 2 | Imaging evolution of the patient treatment timeline and image efficacy evaluation.

In May 2022, progression of the liver metastatic lesion was observed (Figure 2). The patient had an Eastern Cooperative Oncology Group (ECOG) performance status of 1 and was subsequently recommended to participate in a phase I/II clinical trial designed to evaluate the safety and antitumor effects of ESG401 (Shanghai Escugen Biotechnology Co., Ltd. Shanghai, China) in solid tumors (NCT04892342). ESG401 is a novel ADC with a humanized IgG1 antibody against the Trop2 antigen and the small molecule SN-38, which is a topoisomerase I inhibitor. An innovative stable and cleavable linker was used to combine the antibody to the payload with a DAR of 8. After providing informed consent, the patient received ESG401 treatment (12 mg/kg intravenously on Day 1, Day 8, and Day 15 every 28 days) on May 25, 2022. Trop2 status was assessed via IHC, revealing an H-score of 250, which was considered to be a high expression of Trop2(Figure 1H). After two treatment cycles, the CT scan showed a significant reduction in the size of the liver metastases, from 33 mm to 17 mm (a reduction of 48.5%), the overall efficacy of the patient was determined as PR according to RECIST 1.1. Four weeks later, the PR was confirmed. Subsequently, the patient’s lesions further decreased, with a total reduction in the sum of the longest diameters of the target lesions of 52.6%. At the time of writing (May 2024), the patient had sustained a beneficial response for 23.6 months. The latest CT scan from March 21, 2024, revealed a sustained PR for the liver mass. Although a lung nodule has gradually gotten larger, the overall assessment of efficacy is still a PR. The pharmacokinetic profile of this patient indicates that, irrespective of whether they received a single or multiple dose of ESG401, the concentrations of both the total antibody and the intact ADC remained similar. However, the concentration of SN-38 was significantly lower compared to the total antibody and ESG401, with a maximum concentration (Cmax) of 6.5 ng/ml and an area under the curve (AUC) of 136 ng·h/ml. The pharmacokinetics (PK) profiles of total antibody and ADC drug are very similar, indicating that ESG401 is very stable in circulation (Figure 3). The patient has experienced very mild and easily manageable adverse reactions, including grade 2 neutropenia, grade 1 diarrhea, and anemia, during ESG401 treatment. The patient maintains an excellent performance status and has a high quality of life.
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Figure 3 | The plasma drug concentration-time curve of ESG-401, total antibody and SN-38 of the patient.




3 Discussion

Endocrine resistance, which refers to resistance to estrogen or ER suppression, remains a significant hurdle for patients with HR+/HER2- BC. For MBC, primary endocrine resistance is defined as disease progression during the first 6 months of first-line ET (12). The mechanism is intricate and potentially linked to modifications in the estrogen receptor pathway (e.g., ESR1 mutations) or upstream signaling pathways of growth factors (e.g., the PI3K/Akt/mTOR pathway) (13). In the last two decades, there have been notable advancements in the discovery and approval of novel medications targeting the ER and upstream signaling pathways. Among the drugs available in China, CDK4/6i combined with fulvestrant is the standard treatment for patients who have progressed on aromatase inhibitors (AIs) (14). In our specific case, the patient opted against receiving CDK4/6i treatment due to financial limitations and subsequently experienced rapid progression while on fulvestrant monotherapy. In addition to chemotherapy, the mTOR inhibitor everolimus in combination with exemestane is a favorable option, potentially prolonging PFS in patients who are refractory to nonsteroidal AIs (8). Nevertheless, the relatively high toxicity profile of everolimus limits its utilization. Although currently unavailable in China, PI3K and AKT inhibitors have shown potential to improve prognosis in HR+/HER2- BC patients with activation of the PI3K/AKT/mTOR pathway, providing an alternative strategy to overcome endocrine resistance (7, 9, 15).

ADCs are a class of targeted therapies that consist of monoclonal antibodies conjugated with cytotoxic drugs. The monoclonal antibody component enables specific recognition and binding to cancer cell surface antigens, while the cytotoxic drug payload delivers a potent anticancer effect directly to tumor cells. Trastuzumab emtansine (T-DM1) is the first approved ADC that targets HER2 (16). Compared with T-DM1, trastuzumab deruxtecan (T-DXd), another ADC that targets HER2, has been shown to improve survival outcomes in patients with HER2-positive MBC (17); it also improves survival outcomes in patients with MBC with low HER2 expression compared to those receiving standard chemotherapy (18). Trop-2 is another target of interest in breast cancer. It was initially identified in 1981 as a protein prominently present on the surface of trophoblast cells (19). However, subsequent studies revealed its intricate involvement in cancer cell processes, including growth, proliferation, migration, invasion, and survival (20). In breast cancer, expression of the TROP-2 gene has been identified across all subtypes, with particularly elevated levels observed in HR+ HER2-negative and triple-negative breast cancer (TNBC) compared to HER2-positive disease (21). Elevated TROP-2 expression was correlated with poorer survival outcomes (22).

Sacituzumab govitecan (SG) is the first ADC directed against Trop-2 and was recently approved in China for patients with metastatic triple-negative breast cancer (mTNBC) who have undergone two or more lines of chemotherapy. SG consists of a humanized anti-Trop-2 monoclonal antibody linked to SN-38 via a hydrolysable CL2A linker (23). Datopotamab deruxtecan (Dato-DXd) is another Trop2-targeted ADC that combines a humanized anti-TROP-2 IgG1 monoclonal antibody with a topoisomerase I inhibitor through a cleavable tetrapeptide linker, achieving a DAR of 4. Although these three drugs are all Trop2-targeting ADCs, there are certain differences in their molecular composition. A comparison of these three drugs can be found in Table 1.

Table 1 | Comparison of molecular composition of Three Trop2 Directed Antibody-Drug Conjugates (ADCs).


[image: Comparison table of three products: ESG401, Trodelvy, and DS-1062. ESG401 and Trodelvy both use Sacituzumab as an antibody and SN-38 as payload, differing in linkers (MC-VC-PAB for ESG401, CL2A for Trodelvy). DS-1062 uses Datopotamab and DXd with a GGFQ linker. ESG401 and DS-1062 have enzyme-dependent linkers; Trodelvy’s is pH-dependent. Drug-to-antibody ratio (DAR) is eight for ESG401, 7.6 for Trodelvy, and four for DS-1062.]
In HR+HER2- MBC patients resistant to endocrine therapy, sacituzumab govitecan significantly increased the median progression-free survival (mPFS) (5.5 months vs. 4.0 months) and median overall survival (mOS) (14.4 months vs. 11.2 months) compared to that with conventional chemotherapy (24). However, safety analysis revealed a greater incidence of adverse events (AEs) in the SG group, with notable neutropenia, diarrhea, nausea, vomiting, alopecia, and fatigue. The hydrolysable CL2A linker, which is designed for extracellular hydrolysis, leads to an earlier release of free SN-38 into the circulation, leading to a higher peak cytotoxin concentration, a higher exposure and potentially contributing to an increase in AEs (25).Compared to investigator’s choice of chemotherapy, datopotamab deruxtecan (Dato-DXd) led to significant improvement in PFS (6.9 months vs. 4.9 months) and presented a favorable safety profile in a phase III trial for HR+/HER2- MBC (26). These studies demonstrate that Trop2-directed ADCs offer substantial promise as a novel therapeutic approach for HR+/HER2- MBC.

An optimal linker for an ADC should possess adequate stability to transport the payload to the desired site while also exhibiting sufficient lability to release an effective quantity of payload either within the tumor or in the tumor microenvironment (TME) (27). ESG401 is a novel ADC directed toward Trop2 that utilizes an innovative stable cleavable linker designed to conjugate SN38 to a humanized monoclonal antibody targeting Trop2 with a DAR of 8. In the design of ESG401, it is expected that, due to the increased stability of the linker, the intact ADC molecule will be less likely to dissociate in systemic circulation, resulting in lower systemic exposure of the free payload. It showed that the longer half-life of intact ADC in the patient than SG (49.0 vs.23.4 hours), with lower exposure of SN38, reflected in the ratio of SN38 to ADC (0.002% vs. 0.07%) (28). Furthermore, the pharmacokinetic evaluation of the patient, the same as other patients from the trial, exhibited notably reduced maximum concentration (Cmax) levels (6.5 vs. 98.0 ng/ml) and area under the curve (AUC) values (136 vs. 3696 ng·h/ml) for SN-38 when contrasted with the published pharmacokinetic profile of SG (28). These PK characteristics suggest that ESG401 is more stable in circulation. This may mechanistically explain the patient’s milder off-target toxicities, such as neutropenia, nausea, and diarrhea. The toxicity profile of ESG401 was moderate, as reported, the most frequent treatment-related adverse events (TRAEs) of Grade 3 or higher were leukopenia (29%) and neutropenia (31%) (11). There were no Grade 3 or higher events of thrombocytopenia, diarrhea, skin rash, or oral mucositis. The clinical trial protocol for participating patients also provides detailed guidelines on the management of potential adverse events (AEs), including intervention thresholds and any necessary dose modifications due to toxicity (Supplementary Table 1).

This profile is attributed to the stability of the ADC molecule conferred by the proprietary linker of ESG401 and the reduced release of free payload in the system, thereby minimizing off-target toxicity. The cleavable linker and membrane-permeable payload SN-38 enable it to exert a “bystander effect” (29). In tumor-bearing mouse models, compared with tumors treated with SG, tumors treated with ESG401 had higher levels of and longer exposure to both free SN38 and total SN38 within tumor tissues. The combination of decreased serum release and increased exposure of SN-38 within tumor tissues indicated the reliable efficacy and exceptional safety of ESG401 in an animal model. Initial findings from a phase I/II clinical trial assessing the safety, tolerability, pharmacokinetics, and antitumor effects of ESG401 in patients with locally advanced or metastatic solid tumors have been reported (11). Thirty-five heavily treated patients (with a median of 4 (2-10) prior lines of treatment) were enrolled. Among 33 patients assessed for efficacy, the ORR and DCR across various dosage regimens were 36.4% (12/33) and 63.6% (21/33), respectively. Specifically, in a subgroup of 13 patients receiving therapeutically relevant doses of HR+/HER2- MBC, the ORR and DCR were 62% (8/13) and 77% (10/13), respectively. These promising efficacy signals suggest a favorable treatment effect of ESG401 for HR+/HER2- MBC, which is consistent with the case of this patient with exceptionally long clinical benefit that we have reported. In addition, an open-label, randomized, active-controlled, multicenter, Phase III study (NCT06383767) of ESG401 versus Investigator’s Choice Chemotherapy (ICC) is currently underway. This trial involves patients with HR+/HER2- locally advanced or metastatic breast cancer who have progressed during endocrine therapy, are unsuitable for endocrine treatment, and have received at least one prior line of systemic chemotherapy. The study also aims to validate the findings from this case study in a larger patient cohort. In our case, the patient who rapidly progressed on fulvestrant and subsequently received two additional lines of chemotherapy achieved a significant PR following treatment with ESG401. This favorable response lasted for more than 22.5 months with excellent tolerance and good quality of life, exceeding the duration achieved with previous chemotherapy; this response period was also much longer than the published mPFS from studies using SG (5.5 months) and Dato-Dxd (6.8 months) in the same indication population. This prolonged response may be attributed to the unique mechanism of action of ADCs with cytotoxic payloads, which may unaffected by resistance mechanisms typically associated with endocrine therapy. Additional contributing factors include high Trop2 expression (H-score: 250). In the ASCENT trial, a more favorable overall survival (OS) trend was observed in patients with higher Trop2 expression (30). Furthermore, low tumor burden, good performance status, and the demonstrated efficacy of ESG401 also likely contributed to the therapeutic benefit. Some possible underlying unveiled reasons may have an impact as well. Further exploration of these factors that may contribute to the patient’s prolonged duration response will help to further elucidate the mechanism of drug action and provide meaningful guidance for the treatment of such patients. Moreover, diverse reactions to ESG401 were observed in hepatic and pulmonary lesions, emphasizing the heterogeneous nature of tumors. Variability in TROP2 expression across distinct metastatic loci in breast cancer has been documented (31). Re-evaluation through lung metastasis re-biopsy at the onset of progressive disease (PD) could offer valuable insights into the resistance mechanisms of ESG401, thus guiding subsequent therapeutic strategies. Furthermore, the patient’s HER2 status is 2+. Trastuzumab-deruxtecan (T-DXd), an ADC targeted to HER2, could be an alternative treatment strategy. In DESTINY-Breast04 trial, T-DXd demonstrated improved PFS and OS benefit in advanced HER2-low breast cancer compared to chemotherapy of physician’s choice (18).

The limitations of this case study include the absence of CDK4/6 inhibitor therapy, which has become a cornerstone in treating luminal-like metastatic breast cancer. This patient did not receive CDK4/6 inhibitors due to financial constraints and personal choice. In the clinical trial (NCT04892342) she participated in, 78% of the 65 HR+/HER2- patients had prior exposure to CDK4/6 inhibitors. Among the 58 efficacy evaluable patients, the ORR was 27.7% for those with prior CDK4/6 inhibitor treatment and 54.5% for those without (unpublished internal data). These results were derived from a retrospective analysis, which may be influenced by baseline imbalances and the small sample size, making it unclear whether prior CDK4/6 inhibitor use affects the efficacy of ESG401. Additionally, the patient did not undergo molecular testing, so her suitability for targeted therapies, such as PIK3CA/AKT/mTOR inhibitors, remains unknown. Further studies are needed to explore the potential interaction between gene-targeted therapies and TROP2 ADCs in a larger cohort. Another important point is that, although the patient experienced only mild and easily manageable adverse reactions, including grade 2 neutropenia, grade 1 diarrhea, and anemia, during over 22.5 months of ESG401 treatment, this Phase I study did not include standardized quality-of-life assessments or patient-reported outcome measures. Therefore, any improvement in the patient’s quality of life has not been objectively demonstrated. In the planned Phase III study, quality-of-life assessments will be included as one of the secondary endpoints.

In conclusion, for patients with endocrine-refractory HR+/HER2- MBC, Trop2-directed ADCs represent an optimal choice for later lines of therapy. Enhanced ADC engineering holds significant promise for maximizing both the efficacy and safety of these agents. ESG401 has demonstrated favorable tolerability with promising signs of efficacy in heavily pretreated patients. Further investigations through expanded clinical trials in HR+/HER2- MBC, as well as a deeper understanding of the characteristics of patients that may impact sustained efficacy, are warranted.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.





Ethics statement

The studies involving humans were approved by Ethics Committee of the Second Affiliated Hospital, Zhejiang University School of Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

JZ: Writing – original draft. FH: Data curation, Writing – review & editing. XXu: Data curation, Writing – review & editing. YZ: Formal analysis, Writing – review & editing. XXi: Writing – original draft. JH: Writing – review & editing. FQ: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

XXi was employed by Shanghai Escugen Biotechnology Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1444431/full#supplementary-material


References
	1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660
	2. Masood, S. Estrogen and progesterone receptors in cytology: A comprehensive review. Diagn Cytopathol. (1992) 8:475–91. doi: 10.1002/dc.2840080508
	3. NCCN. Nccn clinical practice guidelines in breast cancer. USA: National Comprehensive Cancer Network (2024). Available online at: https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf.
	4. Cristofanilli, M, Turner, NC, Bondarenko, I, Ro, J, Im, SA, Masuda, N, et al. Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of hormone-receptor-positive, her2-negative metastatic breast cancer that progressed on previous endocrine therapy (paloma-3): Final analysis of the multicenter, double-blind, phase 3 randomized controlled trial. Lancet Oncol. (2016) 17:425–39. doi: 10.1016/S1470-2045(15)00613-0
	5. Slamon, DJ, Neven, P, Chia, S, Fasching, PA, De Laurentiis, M, Im, SA, et al. Overall survival with ribociclib plus fulvestrant in advanced breast cancer. N Engl J Med. (2020) 382:514–24. doi: 10.1056/NEJMoa1911149
	6. Sledge, GW Jr., Toi, M, Neven, P, Sohn, J, Inoue, K, Pivot, X, et al. The effect of abemaciclib plus fulvestrant on overall survival in hormone receptor-positive, erbb2-negative breast cancer that progressed on endocrine therapy-monarch 2: A randomized clinical trial. JAMA Oncol. (2020) 6:116–24. doi: 10.1001/jamaoncol.2019.4782
	7. Rugo, HS, Lerebours, F, Ciruelos, E, Drullinsky, P, Ruiz-Borrego, M, Neven, P, et al. Alpelisib plus fulvestrant in pik3ca-mutated, hormone receptor-positive advanced breast cancer after a cdk4/6 inhibitor (bylieve): One cohort of a phase 2, multicenter, open-label, non-comparative study. Lancet Oncol. (2021) 22:489–98. doi: 10.1016/S1470-2045(21)00034-6
	8. Baselga, J, Campone, M, Piccart, M, Burris, HA 3rd, Rugo, HS, Sahmoud, T, et al. Everolimus in postmenopausal hormone-receptor-positive advanced breast cancer. N Engl J Med. (2012) 366:520–9. doi: 10.1056/NEJMoa1109653
	9. Turner, NC, Oliveira, M, Howell, SJ, Dalenc, F, Cortes, J, Gomez Moreno, HL, et al. Capivasertib in hormone receptor-positive advanced breast cancer. N Engl J Med. (2023) 388:2058–70. doi: 10.1056/NEJMoa2214131
	10. Bidard, FC, Kaklamani, VG, Neven, P, Streich, G, Montero, AJ, Forget, F, et al. Elacestrant (oral selective estrogen receptor degrader) versus standard endocrine therapy for estrogen receptor-positive, human epidermal growth factor receptor 2-negative advanced breast cancer: Results from the randomized phase iii emerald trial. J Clin Oncol. (2022) 40:3246–56. doi: 10.1200/JCO.22.00338
	11. Ma, F, Qiu, F, Tong, Z, Wang, J, Tan, Y, Bai, R, et al. Preliminary results from a first-in-human study of esg401, a trophoblast cell-surface antigen 2 (trop2) antibody drug conjugate (adc), in patients with locally advanced/ metastatic solid tumors. J Clin Oncol. (2023) 41:1100. doi: 10.1200/JCO.2023.41.16_suppl.1100
	12. Hanker, AB, Sudhan, DR, and Arteaga, CL. Overcoming endocrine resistance in breast cancer. Cancer Cell. (2020) 37:496–513. doi: 10.1016/j.ccell.2020.03.009
	13. Hart, CD, Migliaccio, I, Malorni, L, Guarducci, C, Biganzoli, L, and Di Leo, A. Challenges in the management of advanced, er-positive, her2-negative breast cancer. Nat Rev Clin Oncol. (2015) 12:541–52. doi: 10.1038/nrclinonc.2015.99
	14. CSCO. Guidelines of Chinese society of clinical oncology (csco)for breast cancer. China: Chinese Society of Clinical Oncology (2024). Available at: https://meeting.csco.org.cn/pdf/web/viewer.html?file=/Upload/Periodical/20240813104807.pdf.
	15. Andre, F, Ciruelos, EM, Juric, D, Loibl, S, Campone, M, Mayer, IA, et al. Alpelisib plus fulvestrant for pik3ca-mutated, hormone receptor-positive, human epidermal growth factor receptor-2-negative advanced breast cancer: Final overall survival results from solar-1. Ann Oncol. (2021) 32:208–17. doi: 10.1016/j.annonc.2020.11.011
	16. Verma, S, Miles, D, Gianni, L, Krop, IE, Welslau, M, Baselga, J, et al. Trastuzumab emtansine for her2-positive advanced breast cancer. N Engl J Med. (2012) 367:1783–91. doi: 10.1056/NEJMoa1209124
	17. Hurvitz, SA, Hegg, R, Chung, WP, Im, SA, Jacot, W, Ganju, V, et al. Trastuzumab deruxtecan versus trastuzumab emtansine in patients with her2-positive metastatic breast cancer: Updated results from destiny-breast03, a randomized, open-label, phase 3 trial. Lancet. (2023) 401:105–17. doi: 10.1016/S0140-6736(22)02420-5
	18. Modi, S, Jacot, W, Yamashita, T, Sohn, J, Vidal, M, Tokunaga, E, et al. Trastuzumab deruxtecan in previously treated her2-low advanced breast cancer. N Engl J Med. (2022) 387:9–20. doi: 10.1056/NEJMoa2203690
	19. Lipinski, M, Parks, DR, Rouse, RV, and Herzenberg, LA. Human trophoblast cell-surface antigens defined by monoclonal antibodies. Proc Natl Acad Sci U S A. (1981) 78:5147–50. doi: 10.1073/pnas.78.8.5147
	20. Zaman, S, Jadid, H, Denson, AC, and Gray, JE. Targeting trop-2 in solid tumors: Future prospects. Onco Targets Ther. (2019) 12:1781–90. doi: 10.2147/OTT.S162447
	21. Vidula, N, Yau, C, and Rugo, H. Trophoblast cell surface antigen 2 gene (tacstd2) expression in primary breast cancer. Breast Cancer Res Treat. (2022) 194:569–75. doi: 10.1007/s10549-022-06660-x
	22. Ambrogi, F, Fornili, M, Boracchi, P, Trerotola, M, Relli, V, Simeone, P, et al. Trop-2 is a determinant of breast cancer survival. PloS One. (2014) 9:e96993. doi: 10.1371/journal.pone.0096993
	23. Bardia, A. A closer look at sacituzumab govitecan-hziy. Clin Adv Hematol Oncol. (2020) 18:715–7.
	24. Rugo, HS, Bardia, A, Marme, F, Cortes, J, Schmid, P, Loirat, D, et al. Sacituzumab govitecan in hormone receptor-positive/human epidermal growth factor receptor 2-negative metastatic breast cancer. J Clin Oncol. (2022) 40:3365–76. doi: 10.1200/JCO.22.01002
	25. Tarcsa, E, Guffroy, MR, Falahatpisheh, H, Phipps, C, and Kalvass, JC. Antibody-drug conjugates as targeted therapies: Are we there yet? A critical review of the current clinical landscape. Drug Discovery Today Technol. (2020) 37:13–22. doi: 10.1016/j.ddtec.2020.07.002
	26. Bardia, A, Kalinsky, K, Tsurutani, J, Hamilton, EP, Johnston, S, Sohn, J, et al. Datopotamab deruxtecan (dato-dxd), a trop2 antibody-drug conjugate, vs investigators' choice of chemotherapy (icc) in previously-treated, inoperable or metastatic hormone-receptor (hr) positive, her2-negative (hr+/her2-) breast cancer: Tropion-breast01. Ann Oncol. (2022) 33:S663–S. doi: 10.1016/j.annonc.2022.07.1858
	27. Tarantino, P, Ricciuti, B, Pradhan, SM, and Tolaney, SM. Optimizing the safety of antibody-drug conjugates for patients with solid tumors. Nat Rev Clin Oncol. (2023) 20:558–76. doi: 10.1038/s41571-023-00783-w
	28. Ocean, AJ, Starodub, AN, Bardia, A, Vahdat, LT, Isakoff, SJ, Guarino, M, et al. Sacituzumab govitecan (immu-132), an anti-trop-2-sn-38 antibody-drug conjugate for the treatment of diverse epithelial cancers: Safety and pharmacokinetics. Cancer. (2017) 123:3843–54. doi: 10.1002/cncr.v123.19
	29. Kawato, Y, Aonuma, M, Hirota, Y, Kuga, H, and Sato, K. Intracellular roles of sn-38, a metabolite of the camptothecin derivative cpt-11, in the antitumor effect of cpt-11. Cancer Res. (1991) 51:4187–91.
	30. Bardia, A, Rugo, HS, Tolaney, SM, Loirat, D, Punie, K, Oliveira, M, et al. Final results from the randomized phase iii ascent clinical trial in metastatic triple-negative breast cancer and association of outcomes by human epidermal growth factor receptor 2 and trophoblast cell surface antigen 2 expression. J Clin Oncol. (2024) 42:1738–44. doi: 10.1200/JCO.23.01409
	31. Kojima,. Abstract po3-15-12: Expression and co-expression patterns of trop2 and her2 in breast cancer: Implications for bispecific antibody-drug conjugate therapy. Cancer Res. (2024) 84:Abstract PO3–15–2. doi: 10.1158/1538-7445




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Zhao, Huang, Xu, Zhang, Xing, Huang and Qiu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




CASE REPORT

published: 05 December 2024

doi: 10.3389/fonc.2024.1473881

[image: image2]


Triple-negative ectopic breast cancer of the male scrotum: a case report
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Male breast cancer represents only 1% of all breast malignancies, with ectopic breast cancer in men being even rarer and highly prone to diagnostic challenges. Extramammary Paget’s disease (EMPD), a rare cutaneous tumor with non-specific clinical symptoms, is susceptible to misdiagnosis. This report discusses the case of an older male patient who presented with a scrotal mass, later identified as ectopic breast invasive adenocarcinoma upon pathological examination post-lesion excision. Immunohistochemistry confirmed a triple-negative profile and EMPD diagnosis, with no malignancies detected in either breast. Despite multiple treatment regimens and recurrence following adjuvant chemotherapy, the disease progressed with associated chemotherapy-related side effects, resulting in a 25.5-month survival period. The scarcity of literature on male ectopic breast cancer complicates the understanding of its incidence and optimal treatment strategies, increasing the risk of misdiagnosis. This study highlights the diagnostic and therapeutic challenges of this rare case, emphasizing the need for early recognition of atypical manifestations. The manuscript aims to assist clinicians by sharing case-specific insights and reviewing pertinent literature to enhance comprehension and management of similarly rare cases.
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Introduction

Embryonic mammary development begins around the fourth week of gestation, forming a ventral mammary ridge extending from the axilla to the inner thigh. Incomplete resorption of this tissue can lead to residual ectopic mammary glands (1). Although ectopic breast tissue undergoes similar pathophysiological changes as normal breast tissue, only an insignificant fraction (approximately 1%) develops cancer in these sites (2). Ectopic mammary glands are most commonly identified in the axillae of women, with cases in men, particularly in the scrotal region, being significantly rare and cancer in these sites even rarer. Paget’s disease (PD), initially described by James Paget in the breast in 1874, was later identified in the male genital region by Crocker in 1889. This condition primarily involves intraepidermal adenocarcinoma, characterized by malignant growth of non-keratinizing epithelial cells known as Paget cells. Scrotal involvement in extramammary PD (EMPD) is uncommon, accounting for only 14% of cases, compared to the vulvar type (65%) and perianal type (20%) (3). This study details a rare case of breast cancer originating in ectopic mammary tissue within the scrotum of a male patient, accompanied by EMPD of the scrotal skin, highlighting the diagnostic and therapeutic challenges posed by this uncommon condition.





Case report

In June 2020, a 63-year-old male patient with no family history of malignancies presented to our hospital’s surgical department with a 5-month history of a scrotal skin lesion near the base of the penis, accompanied by occasional pain, no discharge, and ineffective self-medication attempts. The patient reported no discomfort in the axilla or breast, and physical examination revealed no palpable masses. Ultrasound imaging showed subcutaneous hypoechoic tissue at the base of the penis, measuring 1.3 cm × 0.7 cm × 1.7 cm, with regular morphology, indistinct borders, and a significant blood flow signal. Moreover, imaging of the kidneys, ureter, and bladder (including the prostate) showed no abnormalities. Due to limited awareness of the condition, a multidisciplinary surgical strategy discussion was not conducted, and a simple excision of the scrotal mass was performed. Postoperative pathological examination confirmed the scrotal mass as an invasive adenocarcinoma. (Figure 1A), with EMPD of the scrotal skin (Figure 1B), as well as evidence of nerve invasion and cancerous embolism in the chorioallantoic duct. The immunohistochemical analysis revealed cytokeratin 7 (CK7) positivity, CK20 negativity, GATA3 positivity, gross cystic disease fluid protein 15 (GCDFP-15) negativity, and raised androgen receptor (AR) (3+, 60%) (Figures 1C–G), with estrogen receptor (ER) and progesterone receptor (PR) negativity, and a human epidermal growth factor receptor 2 (C-erB-2) score of 2+ (Figures 1H–J). Further Fluorescence In Situ Hybridization (FISH) testing yielded negative results. Based on these pathological and immunohistochemical results, a diagnosis of triple-negative invasive carcinoma of ectopic breast origin was made. Following the surgical procedure, the patient consulted the Thyroid and Breast Surgery Department for further breast examination. A positron emission tomography (PET)-computed tomography (CT) scan detected multiple lymph node metastases in the left inguinal region (Figure 2), leading to an inguinal lymph node dissection. Postoperative pathology confirmed metastasis from the scrotal invasive adenocarcinoma. Two months later, pelvic CT and magnetic resonance imaging (MRI) identified a space-occupying lesion in the left inguinal region (Figures 3A–D), raising suspicion for inguinal lymph node metastasis. Systemic chemotherapy and regular monitoring were recommended.
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Figure 1 | (A) Widespread infiltration of cancer cells in the scrotal subcutaneous tissue, with indistinct cellular borders, increased nuclear-cytoplasmic ratio, acidophilic cytoplasm, deviated nuclei, basophilic staining, enlarged nuclear volume, pronounced heterogeneity, and pathological nuclear division (magnification, x200). (B) Irregularly arranged epidermal cells with varying sizes, red-stained cytoplasm, and blue-stained nuclei, identified as Paget’s cells. These cells exhibit large nuclei with loose chromatin, prominent nucleoli, and irregular edges; they are distributed in a band-like pattern along the epidermis (magnification, x200). (C) CK-7 immunohistochemical staining of the subcutaneous scrotal mass: brownish-yellow staining indicates CK-7 positive cells, while hematoxylin-stained nuclei appear blue (×200). (D) CK-20 immunohistochemical staining of the subcutaneous scrotal mass: absence of brown staining indicates no CK-20 expression in the sample (×200). (E) GATA-3 immunohistochemical staining of the subcutaneous scrotal mass: brown staining highlights GATA-3 positive cells (×200). (F) GCDFP-15 immunohistochemical staining of the subcutaneous scrotal mass: lack of brown staining indicates no GCDFP-15 expression in the sample (×200). (G) AR immunohistochemical staining of the subcutaneous scrotal mass: brown staining denotes AR-positive cells, with approximately 60% of cells showing positivity (×200). (H) Immunohistochemical ER nuclear staining in scrotal dermal cells displaying a light blue color (magnification, x200). (I) Immunohistochemical PR nuclear staining in scrotal dermal cells displaying a light blue color (magnification, x200). (J) Immunohistochemical Human Epidermal Growth Factor Receptor 2 nuclear staining in scrotal dermal cells appearing pale blue (magnification, x200). (K) PD-L1 testing in liver metastatic tissue using the CPS, calculated by dividing the number of PD-L1 positive cells (including tumor cells, lymphocytes, and macrophages) by the total number of viable cells, then multiplying by 100. A CPS of <1 indicates low PD-L1 expression (magnification, x200).

[image: CT scan sequence showing axial views of the pelvic region with highlighted areas using red arrows. The bright spots indicate regions of interest or potential abnormalities.]
Figure 2 | PET-CT scan showing radioactive uptake in the left inguinal lymph nodes, indicative of malignant metastasis.

[image: Medical imaging showing eight panels labeled A to H. Panels A to D depict groin regions with arrows indicating specific areas in the scans. Panels E to H show abdominal scans highlighting regions pointed by arrows. X-ray and MRI techniques are used to focus on particular internal structures, possibly indicating abnormal findings or areas of interest for further analysis.]
Figure 3 | (A) Pelvic CT scan showing an irregular soft tissue density mass in the left inguinal region, with blurred borders and mild enhancement. (B) Pelvic MRI T1 phase pelvic image showing a low-signal nodular shadow in the left inguinal region. (C) Pelvic MRI T2 phase showing high-signal nodular shadows in the left inguinal region, with fat suppression resulting in a high signal. (D) Pelvic MRI DWI phase demonstrating restricted diffusion in a left inguinal nodule. (E) Enhanced CT scan of the upper abdomen showing multiple rounded hypodense liver lesions, exhibiting no enhancement. (F) Upper abdominal MRI T1 phase revealing multiple round, long T1 signal shadows in the liver. (G) Upper abdominal MRI T2 phase revealing multiple round, long T2 signal shadows in the liver, with substantial enhancement on the contrast-enhanced scan. (H) Upper abdominal MRI DWI phase revealing multiple intrahepatic round signal shadows with limited diffusion.

Based on the PET-CT findings and prior inguinal lymph node dissection, an aspiration biopsy was not performed for the suspected lymph node metastasis noted on pelvic imaging. The patient subsequently received four cycles of adjuvant chemotherapy with paclitaxel liposomal (175 mg/m²) and nedaplatin (75 mg/m²) from August to October 2020, resulting in disease stability upon follow-up. In August 2021, the patient presented again with a scrotal mass, which was excised and confirmed to be an invasive adenocarcinoma of ectopic mammary origin. During postoperative re-examination, an ultrasound of the inguinal lymph nodes once more indicated metastasis, prompting the patient to return to our department for further treatment. Further investigations revealed metastatic spread to the liver (Figures 3E–H), bilateral pubic bones, and the left acetabular bone (Figure 4). A liver mass biopsy confirmed metastatic invasive adenocarcinoma with immunohistochemistry consistent with triple-negative status. Programmed death-ligand 1 (PD-L1) testing indicated a combined positive score (CPS) of less than 1, assessed on the Dako platform with the 22C3 antibody clone using the CPS standard (Figure 1K), suggesting ineligibility for immune checkpoint inhibitor therapy. The patient experienced rapid disease progression, with multiple pathological examinations indicating ectopic breast origin. A physical and ultrasound examination of the breast and axilla revealed no significant abnormalities. Given the patient and their family’s urgent desire for treatment, chemotherapy with the TE regimen (albumin-bound paclitaxel 250 mg/m² and epirubicin 70 mg/m²) was initiated following a multidisciplinary consultation. Although denosumab has demonstrated better efficacy and safety over zoledronic acid for bone metastasis management, due to constraints related to national insurance coverage and personal financial limitations, the patient opted for zoledronic acid, administered every three weeks, to manage bone metastasis while minimizing financial burden. During this period, the treatment achieved partial remission (PR). However, after seven cycles, treatment was discontinued due to secondary neurotoxic effects, including head and facial paresthesia, and extremity numbness. The patient was subsequently transitioned to maintenance chemotherapy with capecitabine (1250 mg/m2). After two cycles, intrahepatic metastases progressed, promoting a repeat biopsy and confirming triple-negative status via immunohistochemistry. Subsequently, the patient received a single cycle of gemcitabine (1 g/m2), carboplatin (area under the curve [AUC] = 5), and bevacizumab (7.5 mg/kg). However, side effects, including grade 4 thrombocytopenia and grade 3 leukopenia, necessitated platelet transfusions, administration of recombinant human thrombopoietin, and support to restore leukocytes and platelets. Consequently, gemcitabine was not administered on day 8 of this cycle.

[image: Four side-by-side medical scans of a human body. The first two are grayscale, showing bone structures, while the last two are color-enhanced, highlighting areas with increased activity in blue and orange hues.]
Figure 4 | ECT demonstrating foci of abnormal radiological distribution with varying morphologies and sizes in the bilateral suprapubic branches, left acetabulum, and other regions.

Upon discharge, the patient was referred to a higher-level hospital for further pathological evaluation. The findings revealed metastatic adenocarcinoma in the left inguinal lymph nodes (2/4), consistent with scrotal invasive adenocarcinoma, and a liver puncture showed metastatic adenocarcinoma. Given these results, scrotal ectopic breast origin was considered. Subsequently, the patient received vedolizumab (120 mg) at the same hospital. During hospitalization, the patient developed a high fever reaching 39.7°C, initially treated with piperacillin-tazobactam followed by meropenem; however, the infection persisted with limited improvement. Despite intensive treatment efforts from the medical team and the patient’ family, therapeutic options were limited due to specific molecular profiles and expression levels of relevant markers.

A comprehensive timeline chart was developed to visually represent the patient’s treatment history and key clinical events (Table 1). This table systematically documents the patient’s journey from initial symptom recognition to final treatment, highlighting significant interventions such as operation, imaging, and chemotherapy. By providing a clear overview of the treatment process and its influence on disease progression, this timeline is a valuable reference to inform clinical decision-making.

Table 1 | Comprehensive treatment timeline of the patient.


[image: Timeline table detailing a patient's medical journey from January 2020 to July 2022, categorized by Date, Event, and Category. It includes initial observation and diagnosis, surgeries, imaging results, chemotherapy cycles, follow-ups, maintenance therapy, and outcome with the patient passing away. The process involved complicated treatments and multiple surgeries, highlighting the progression from initial scrotal mass detection to advanced stages with liver metastases. Abbreviations noted at the bottom include definitions for PET/CT and chemotherapy specifics.]




Discussion

Breast cancer is one of the most prevalent malignancies worldwide, predominantly affecting women and typically arising in the breast tissue. Ectopic breast cancer, a rare variant, develops along the embryonic milk line, which extends from the axilla to the groin, with the axilla being the most common site for ectopic breast cancer. To date, only three cases of male ectopic breast cancer outside the axilla have been documented in the English literature, with sites including the abdominal wall, perineum, and suprapubic region (4). In this report, a case of ectopic breast cancer is reported in the scrotum, situated within the perineal area. Furthermore, the patient was diagnosed with Paget’s disease, which added complexity to both the diagnostic and treatment approach (5).

Ectopic breast tissue is more susceptible to malignant transformation than normal breast tissue, primarily due to ductal stagnation. However, ectopic breast cancer remains uncommon, given the low incidence of ectopic breast tissue (6). The incidence of male breast cancer accounts for less than 1% of all breast cancers, and ectopic breast cancer represents approximately 0.3% to 0.6% of these cases (7, 8). The average age of diagnosis for ectopic breast cancer is approximately 54 years, roughly 6 years younger than the average age of diagnosis for conventional breast cancer (4). Ectopic breast cancer lacks distinct symptoms; common manifestations include palpable masses with or without tenderness, and skin changes such as erythema, ulcers, and other lesions (8, 9). However, due to the low incidence and its higher prevalence among women, there is limited diagnostic and treatment experience for male ectopic breast cancer, frequently resulting in delayed diagnosis. In the perineal region, EMPD can present with skin manifestations similar to those of ectopic breast cancer. Extramammary Paget’s disease is an adenocarcinoma originating in the skin or appendages, primarily affecting apocrine gland regions. Its main sites of occurrence are the vulva, followed by the perianal area, scrotum, penis, and axilla, predominantly affecting older individuals aged 60 to 70 years (10, 11). In a study of 246 Asian male patients with EMPD, the average age of onset was found to be 64 years (12). Research by Yin et al. indicates that the crude incidence rate of EMPD in mainland China is approximately 0.4 per million population (13). Besides being rare, EMPD presents with non-specific symptoms; initial manifestations commonly include itching, erythema, and dryness, which can progress to eczematous lesions, crusting, ulcers, or papillomatous changes. Therefore, patients may undergo prolonged treatments before a definitive diagnosis is made. Topical steroids or antifungal medications can further alter skin manifestations, complicating diagnostic processes (14).

Ectopic breast cancer and EMPD in the perineal region share similar clinical features, and the patient’s age of onset (63 years) aligns with the typical age range for EMPD, which can add to diagnostic challenges. Extramammary Paget’s disease is classified into primary and secondary types, with primary EMPD being CK7 positive and CK20 negative. Conversely, secondary EMPD is usually associated with an underlying malignancy and shows CK7 and CK20 positivity (15). In this case, the scrotal Paget’s disease is classified as primary EMPD, unrelated to ectopic breast cancer, with the scrotal lesions representing EMPD manifestations. The final diagnosis was ectopic breast cancer in the scrotum with coexisting EMPD.

Male ectopic breast cancer is sporadic, making the prognosis uncertain, and there is currently no established expert consensus on its management (16, 17). Treatment for male ectopic breast cancer generally follows protocols similar to those for primary breast cancer, primarily involving surgical excision, supported by chemotherapy, radiotherapy, endocrine therapy, targeted therapy, and the recently emerging immunotherapy. It is noteworthy that ectopic breast cancer exhibits greater aggressiveness than typical breast cancer, primarily in two aspects: first, the rate of lymph node positivity is higher than in breast cancer (18). Patients with vulvar ectopic breast cancer who underwent local wide excision and inguinal lymph node dissection showed pathological results indicating lymph node involvement in all cases (19). Second, ectopic breast cancer has a higher propensity for recurrence and metastasis, particularly to the bones and brain, following simple excision (20). Despite the increased likelihood of lymph node involvement, sentinel lymph node biopsy is not recommended for patients with ectopic breast cancer due to the reduced sensitivity of inguinal lymph nodes in dye uptake (21). To mitigate the risk of distant metastasis, postoperative local radiotherapy is recommended. Apart from traditional prognostic factors such as anatomical tumor-node-metastasis (TNM) staging, molecular subtype, histological grade, and Ki-67 index (22), genetic factors should be incorporated into traditional prognostic models, which could enhance prediction accuracy for male ectopic breast cancer. Currently, tests such as Oncotype DX (Exact Sciences Corporation, Madison, Wisconsin, USA) and MammaPrint (Agendia N.V., Amsterdam, The Netherlands) have shown utility in assessing the likelihood of distant metastasis (23, 24).

However, EMPD is relatively less invasive, with slow disease progression (17, 20). Surgical treatment remains the primary approach for EMPD, supplemented by options including laser ablation, radiotherapy, chemotherapy, and topical treatment comprising 5% imiquimod cream or cytotoxic agents combined with 1% fluorouracil cream (25, 26).

The patient’s prognosis was poor, with an overall survival of only 25.5 months. Critical contributing factors include the tumor’s triple-negative molecular subtype, which has limited treatment options; poor responsiveness to treatment, with rapid recurrence and metastasis following chemotherapy despite multiple treatment lines; and the rarity of the disease, which led to delayed diagnosis, limited understanding of its characteristics, and an initial treatment plan that was not optimally tailored to the patient’s specific needs.

Scrotal ectopic breast cancer and EMPD present with atypical symptoms and lack specific imaging findings, highlighting the importance of preoperative multidisciplinary consultation. Such consultation is essential for defining the surgical strategy, postoperative adjuvant treatment plan, and follow-up protocol. In this case, the patient did not undergo multidisciplinary evaluation, and only a simple lesion excision was performed, resulting in a non-standardized treatment course that led to recurrence and distant metastasis. Based on our experience, to minimize the risk of local recurrence, metastasis, or the malignant transformation of residual ectopic breast tissue, all cases of ectopic breast cancer are recommended to undergo evaluation by a multidisciplinary team (including surgeons, oncologists, radiation oncologists, radiologists, and pathologists) to address critical questions:

	What should the surgical strategy be? Should a local excision or extensive resection be performed? Is sentinel lymph node biopsy necessary, or should lymph node dissection be considered?

	What is the optimal adjuvant treatment? Given the rarity of ectopic breast cancer, treatment plans should be personalized, taking into account the patient’s risk factors, tumor characteristics, and overall health.

	What is the best follow-up plan? What should be the frequency of follow-up visits? Which diagnostic tests should be included in the follow-up regimen?







Conclusion

Scrotal ectopic breast cancer and scrotal Paget’s disease are exceedingly uncommon conditions characterized by non-specific early symptoms and the lack of distinctive findings on imaging. Diagnosis relies entirely on histopathological examination. Therefore, when conventional treatments for skin lesions prove ineffective, a high index of suspicion should be maintained, and a biopsy should be performed. Once a diagnosis is confirmed, a multidisciplinary expert consultation is essential to create a personalized treatment plan tailored to the patient’s unique case.





Limitations

This study has several limitations. First, it is based on a single case, which limits the generalizability and extrapolation of the results. Second, the PD-L1 testing used the 22C3 diagnostic reagent. However, current research suggests that in triple-negative breast cancer, 22C3 and SP142 cannot be used interchangeably. Due to the limitations of the hospital platform, only 22C3 was available. Both reagents should ideally be tested simultaneously to ensure patients are not excluded from immunotherapy. Finally, after bone metastasis developed, zoledronic acid was chosen for treatment due to national insurance coverage and the patient’s financial constraints. Without significant economic pressure, denosumab, which is more effective with fewer side effects, should be the preferred treatment for bone metastasis.
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Malignant breast tumors mainly arise from the ductal and lobular epithelium, whereas sarcomas, which originate from the stromal tissues of the breast, account for less than 5% of cases. Mostly, these tumors consist of a single tissue type, rendering malignant breast tumors with three distinct tissue types exceedingly rare. We report a unique case of a malignant breast tumor comprising three tissue types: squamous cell carcinoma (approximately 25%), invasive ductal carcinoma (approximately 5%), and fibrosarcoma (approximately 70%). Given the case’s rarity, pre-operative imaging and tumor biopsy failed to yield definitive diagnostic information, we detail the patient’s clinical and therapeutic process, providing insights for physicians on clinical diagnosis and treatment.
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1 Introduction

Malignant breast tumors are the most common type of cancer in women and are the leading cause of cancer-related deaths among females (1). Based on tissue origin, breast malignancies are classified into epithelial-origin breast carcinomas and mesenchymal-origin breast sarcomas. Breast carcinoma has become the second most prevalent malignant tumor globally, following lung cancer in incidence (2), whereas breast sarcoma is rare (1, 3). The vast majority of malignant breast tumors have a single histopathological component, and cases where both tissue components coexist are exceedingly rare. Here, we report a case of a malignant breast tumor that contains three histological components: squamous cell carcinoma, invasive ductal carcinoma, and high-grade fibrosarcoma.




2 Case description

In July 2018, a 68-year-old woman presented to the Breast Surgery Outpatient Clinic at the First Hospital of Jilin University, finding a mass in her left breast discovered five years earlier. Five years earlier, she incidentally found a 1.0cm×1.0cm lump in her left breast, causing occasional pain but it was never formally diagnosed or treated; Two years ago, the lump abruptly grew to 5.0cm×3.0cm, yet it remained untreated; Last month, the skin covering the lump turned red and swollen. She has an 8-year history of hypertension, with no other tumor history or familial predispositions. Physical examination showed redness and swelling in the left breast’s upper outer quadrant, alongside a hard, palpable 6.0cm×6.0cm mass with an irregular surface, unclear boundaries, and limited mobility. Breast ultrasound and mammography identified an irregular, slightly dense mass in the left breast’s upper outer quadrant, measuring 58.2mm×26.1mm and 5.0cm×5.0cm, respectively, both classified as BI-RADS category 3 (see Figure 1). Extensive imaging and lab tests, including bone emission computed tomography (ECT) scan, abdominal and Chest computed tomography (CT), neck lymph node, and cardiac ultrasounds, along with complete blood count and liver and kidney function tests, found no significant abnormalities. Upon admission, a biopsy of the left breast mass indicated a complex, fragile tissue composition with atypical cells, suggesting further investigation. Pending exclusion of metaplastic breast carcinoma or fibroepithelial tumor. Immunohistochemical tests show Ki-67(+30%), and P53(+40%), P63(focal+), cytokeratin (CK) 5/6(+), cytokeratin (CK) 7(+), ER (-), pan-cytokeratin (CK-pan) (+), CD68(+), calponin (-), E-cadherin (+), vimentin (+), CD34(-), indicating active cellular proliferation and mutation. Examination of pus and blood cells revealed atypical squamous epithelial cells and numerous lobulated nucleated granulocytes. The final diagnosis was left breast cancer (cT3N0M0) and hypertension.

[image: Ultrasound image showing dark and light areas with a red arrow pointing to a specific region. The dark areas suggest fluid, and the lighter areas indicate denser structures, typical in medical scans.]
Figure 1 | Breast color Doppler ultrasound of the patient at the first admission. The red arrow shows the tumor.

On August 9, 2018, following preoperative examinations that showed no significant contraindications, the patient underwent a simple mastectomy of the left breast and sentinel lymph node biopsy under general anesthesia. The postoperative pathology report indicated that the tumor was 50% cystic and 50% solid, with the solid portion being slightly papillary, grayish-white, and firm. The total volume of the tumor was approximately 5.0cm×4.0cm×3.0cm. Histologically, it was identified as metaplastic carcinoma/sarcomatoid carcinoma, comprising squamous cell carcinoma (~25%), invasive ductal carcinoma (~5%), and high-grade fibrosarcoma (~70%) (refer to Figures 2A–C). The tumor was graded MBNG 3, with no metastasis observed in the sentinel lymph nodes (0/2). Immunohistochemical testing confirmed a mix of squamous cell carcinoma, invasive ductal carcinoma, and sarcoma, showing Ki-67(+30%), ER (-), PR (-), HER2 (invasive ductal carcinoma 2+), E-cadherin(invasive ductal carcinoma+), cytokeratin (CK) 5/6(squamous carcinoma+), P40(squamous carcinoma+), cytokeratin (CK) 7(invasive ductal carcinoma+), pan-cytokeratin (CK-pan) (carcinoma+), vimentin(sarcoma+), smooth muscle actin (SMA) (sarcoma focal+). The patient, with a height of 160cm, weight of 68kg, and body surface area of 1.75m², recovered well postoperatively, and based on the condition and pathology results, was given 5 cycles of AC regimen adjuvant chemotherapy (doxorubicin 70mg per cycle, ifosfamide 4000mg per cycle, every 21 days). No radiotherapy was administered. After chemotherapy, the patient was lost to follow-up, and attempts to contact her or her relatives were unsuccessful.

[image: Three microscopic images labeled A, B, and C. Image A shows a pink-stained section with oval and irregularly shaped cells, indicating cellular activity. Image B displays a fibrous texture with circular structures. Image C highlights a dense arrangement of elongated cells with a pointed arrow for emphasis. Each image has a distinct pattern and staining intensity.]
Figure 2 | Results of pathological examination. (A) Histological image (hematoxylin–eosin staining, 100×): squamous cell carcinoma. (B) Histological image (hematoxylin–eosin staining, 100×): invasive ductal carcinoma. (C) Histological image (hematoxylin-eosin staining, 100×): High-grade fibrosarcoma.




3 Discussion

We report a case of carcinosarcoma, a malignant breast tumor comprising squamous cell carcinoma, invasive ductal carcinoma, and high-grade fibrosarcoma components. Carcinosarcoma, an aggressive form of metaplastic breast cancer (MpBC), represents less than 1% of all breast cancers (4). This cancer mainly affects postmenopausal women aged 49-61 years (5, 6). The tumor typically manifests as a rapidly growing mass, averaging 2.0cm to 5.5cm in diameter. Despite their large size, these tumors rarely involve axillary lymph nodes (6–8). Instead, early blood-borne metastasis to organs like the liver and lungs is more prevalent (9). Previous studies have shown that MpBC often presents benign imaging characteristics on mammography and ultrasound. Mammographic findings typically reveal a high- or iso-dense oval or irregular mass with narrow, indistinct, or ill-defined margins. On ultrasound, it frequently appears as a simple hypoechoic mass with similarly narrow or poorly defined borders (6). The patient first identified a lesion in her left breast at 63, and 5 years had passed by the time of her initial consultation. The presence of multiple tumor components resulted in a unique growth pattern, with the tumor rapidly expanding to nearly half the breast’s volume within two years before consultation. Imaging revealed the tumor’s expansive growth without evidence of axillary lymph node involvement. Ultrasound and mammography suggested a benign tumor, while pulmonary and abdominal CT scans found no metastatic lesions, rendering the imaging results nonspecific (5, 6, 8, 10). Consistent with previous study findings (6). This factor has impeded clinicians’ capacity for accurate carcinosarcoma diagnosis. Despite preoperative core needle biopsy, the lesion’s high heterogeneity (11) rendered the small sample insufficient for pathological diagnosis, complicating accurate preoperative assessment (9).

Regarding immunohistochemistry, previous studies have relatively consistently concluded that most tumors exhibit a triple-negative phenotype, with a minority being ER/PR-positive or HER2-positive (12–15). The study found no statistically significant association between hormone receptor status and survival outcomes (12, 16). Differences in HER2 status are also unlikely to contribute to variations in survival (15). However, one study involving 13 patients with MpBC found an association between hormone receptor expression and lymph node metastasis, as well as a correlation between HER2 expression and tumor histologic grade, tumor size, and lymph node metastasis (14). Given the rarity of MpBC—and the even lower prevalence of hormone receptor-positive or HER2-positive cases—it remains uncertain whether hormone receptor status and HER2 expression significantly impact prognosis. Larger clinical studies are needed in the future to validate these findings.

The absence of extensive clinical trials on MpBC means there are no definitive treatment guidelines (9). Thus, treatment decisions rely on clinical staging and the patient’s immunohistochemical phenotype at consultation. MpBC ‘s hallmark is the transformation of tumor epithelium into squamous and/or mesenchymal components. Treatment recommendations generally follow those for invasive breast cancer (8, 9). Most patients are triple-negative (7, 17), yet they respond less effectively to neoadjuvant chemotherapy than typical triple-negative cancers, showing a complete response rate of around 10% (6, 9, 18). Consequently, surgery plus adjuvant therapy is the preferred treatment (6). In this case, the Her-2 receptor was scored as 2+, but the patient declined further clarification of Her-2 gene status via FISH testing. Despite the undetermined Her-2 gene status, the postoperative treatment plan leans towards managing a triple-negative phenotype.

Due to the tumor’s large size, which disqualified the patient for breast-conserving surgery, the primary treatment option was mastectomy with axillary sentinel lymph node biopsy or dissection (9). Research indicates that MpBC patients undergoing postoperative adjuvant radiotherapy have a 30% lower mortality rate compared to those who do not receive radiation, highlighting the potential benefits of radiation therapy (6, 19). The selection of postoperative adjuvant chemotherapy regimens is guided by the status of estrogen and progesterone receptors, HER2 expression, and TNM staging. Studies suggest that squamous epithelial component cases benefit from platinum-based chemotherapy, while sarcomatous component cases respond well to anthracycline and cyclophosphamide-based regimens (5). Moreover, the presence of BRCA gene mutations in some patients indicates potential benefits from poly (ADP-ribose) polymerase inhibitor therapy (5).

The World Health Organization (WHO) classifies MpBC into six subtypes based on the mesenchymal and epithelial components of the tumor: (1) low-grade adenosquamous carcinoma, (2) fibromatosis-like metaplastic carcinoma, (3) squamous cell carcinoma, (4) spindle cell carcinoma, (5) metaplastic carcinoma with heterologous mesenchymal differentiation, and (6) mixed metaplastic carcinoma (6, 20). This case falls under the mixed metaplastic carcinoma subtype. Previous studies have found that fibromatosis-like metaplastic carcinoma and low-grade adenosquamous carcinoma are relatively sluggish. In contrast, other metaplastic variants tend to be aggressive, chemotherapy-resistant, and highly prone to metastasis (21, 22). Two large studies reported better survival rates for patients with metaplastic carcinoma exhibiting heterologous mesenchymal differentiation (23, 24). Regarding which subtype has the poorest survival rate, a series study involving 132 patients identified a lower survival rate in patients with metaplastic squamous cell carcinoma (23). Another study with 364 patients reported poorer clinical outcomes in those with spindle cell carcinoma (24). Additionally, some research suggests that patients with mixed metaplastic carcinoma may have lower survival rates than those with other subtypes (12, 20, 25). Due to the rarity of MpBC, large-scale clinical data are still needed to determine whether statistically significant prognostic differences exist between subtypes.

Our PubMed search for literature on metaplastic breast cancers with more than two histological types yielded only a single report meeting our criteria. We compared the characteristics of our case with the one found in the literature, as detailed in Table 1.

Table 1 | Comparison of clinical manifestations, imaging findings, treatment, and prognosis between the two cases.


[image: A comparative table displays clinical features of two breast cancer cases. Features include admission year, gender, age, tumor size, affected breast, tumor location, mammography findings, histological type, metastasis, surgery, chemotherapy, radiotherapy, and prognosis. Both cases are female, admitted in 2018. The first case, aged 77, has a 10.0cm tumor in the right outer quadrant with metastasis and a complex surgery history. The second case, aged 68, shows a 6.0cm tumor in the left upper quadrant with no metastasis and a simpler treatment path, with no follow-up data post-surgery.]
Literature indicates MpBC generally has a poor long-term prognosis (9–11), identifying surgical treatment and TNM staging as independent predictors of overall survival. Higher TNM stages correlate with lower overall survival rates, while surgical intervention improves these rates (18). Due to the loss of follow-up, the precise prognosis for our reported patient remains unknown; Chao Li et al. (26) described a malignant breast tumor case with three histological types and existing bone and lung metastases at diagnosis. The patient underwent a palliative mastectomy and survived for at least 11 months postoperatively. Our case, also featuring a tumor with three histological types, was diagnosed with the lesion confined to the breast, with no local lymph node or distant metastasis. Given the postoperative systemic treatment and lack of metastasis at diagnosis, we speculate our patient’s prognosis surpasses that in Chao Li et al.’s report. Despite the loss to follow-up, we surmise survival exceeded 11 months post-surgery.

We present a rare case of MpBC featuring three distinct tissue types, characterized by a large tumor with a propensity for skin invasion. Imaging studies provided nonspecific results, and accurate diagnosis depended on a comprehensive pathological examination of the tumor. Surgery is the primary treatment, and although prognosis is generally poor, early detection and treatment, alongside advancements in immunotherapy, can enhance both cure and survival rates.
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The most frequently used standard treatment for hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative metastatic breast cancer patients consists of a CDK4/6 inhibitor (abemaciclib, ribociclib, or palbociclib) combined with endocrine therapy. Despite CDK4/6 inhibitors being part of routine care in the last few years, new adverse events continue to be reported. Here, we report two cases of palinopsia, a rare neurological visual disturbance that refers to the persistence or recurrence of a visual image after the removal of visual stimuli in patients treated with ribociclib and letrozole. Neuro-ophthalmological assessments and brain MRIs did not find any organic cause. However, palinopsia was related in a time- and dose-dependent manner to the intake of ribociclib. Following a one-level dose reduction of ribociclib, palinopsia was mild and well tolerated. Both patients continued the treatment with ribociclib, with one of them for almost 2 years. Based on the identification of two cases in our hospital in a short period of time, it is tempting to suggest that ribociclib-related palinopsias may not be uncommon. We propose that physicians should be aware of this ribociclib-associated adverse event. Patients presenting this symptom should undergo a routine workup (neuro-ophthalmological assessment and brain MRI) and, if negative, be reassured of its relation with ribociclib as well as the safety of continuing on this drug.
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Highlights

	For the first time, palinopsias had been described to be related to ribociclib as a rare adverse event in patients with metastatic breast cancer.







Introduction

Breast cancer accounts for approximately 30% of female cancers and has a mortality-to-incidence ratio of 15%. Approximately 20% of the patients suffer a metastatic relapse after the treatment for early breast cancer, and approximately 5% have de novo stage IV metastatic disease. Hormone receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative disease is the most common subtype of breast cancer. Abemaciclib, palbociclib, and ribociclib are the three CDK4/6 inhibitors approved for HR+, HER2-negative advanced breast cancer in combination with endocrine therapy (1–3). The combination of endocrine therapy with ribociclib, abemaciclib, and ribociclib has become the first-line standard of care (SOC) for locally advanced inoperable or metastatic HR+, HER2− breast cancer patients due to its benefits in progression-free survival and overall survival. The overall adverse event (AE) profile of the different CDK4/6 inhibitors is well known. However, each CDK4/6 inhibitor (CDK4/6i) has distinct AEs, mainly due to their different degrees of specificity and potency in terms of inhibition of CDK4 and CDK6. With the widespread use of these agents, rare toxicities of CDK4/6 inhibitors are being reported. To our knowledge, neurological AEs, including palinopsia, due to CDK4/6 inhibitors have not been reported to date. Here, we report two cases of women who described palinopsias during ribociclib therapy in a time- and dose-dependent manner.





Case 1

In 2002, a 46-year-old woman with a history of Raynaud’s syndrome and hypothyroidism was diagnosed with HR-positive [estrogen receptor (ER) 95%, progesterone receptor (PR) 95%] HER2-negative low-grade invasive cancer (NOS) of the right breast cancer (pT1cpN1aM0). The primary treatment was a right radical mastectomy. The patient received adjuvant chemotherapy (docetaxel, cyclophosphamide, and doxorubicin for six cycles), irradiation of the affected breast and supra- and infraclavicular nodes, and adjuvant endocrine therapy with tamoxifen for 7 years.

The patient remained free of relapse until August 2021. At this point, the patient consulted a general practitioner for hip pain. A bone scintigraphy and a CT scan were performed, which identified a left iliac lesion suspicious of bone metastases and unspecific lung nodes. A bone biopsy revealed invasive breast cancer (NOS, ER+ 100%, PR+ 100%, HER2-negative). In September 2021, she was started on ribociclib 600 mg/day (three 200-mg tablets daily for 3 weeks every 4 weeks) plus letrozole (2.5 mg/day continuous).

In November 2021, the patient came to our hospital. We performed a PET/TC scan that did not reveal additional metabolic foci of disease, other than the known left iliac lesions. We continued ribociclib and letrozole and planned radiation therapy [stereotactic body radiation therapy (SBRT)] to the bone lesion (January 2022). Ribociclib was discontinued for three consecutive weeks to avoid an overlap with radiation therapy. In March 2022, the patient referred persistence of small motion visual images in dim conditions after the removal of visual stimuli, i.e., palinopsia. Retrospectively, the patient acknowledged that palinopsia started in cycle 1 of ribociclib, from day 1 to day 21, and disappeared in the week off ribociclib (Figure 1) It was moderately disturbing, and the pattern was the same for each cycle. As palinopsia was absent in the 3-week period while off ribociclib (but not letrozole) when she had the radiation therapy, the patient suspected a drug-related cause and discussed it with us. A workup was performed, including a neurological examination and a neuro-ophthalmological assessment. Her best-corrected visual acuity was 20/20 in both eyes (OU). She had equal and reactive pupils with no relative afferent pupillary defect. Slit-lamp biomicroscopy, intraocular pressure, and funduscopy revealed normal OU. Optical coherence tomography showed a normal peripapillary retinal nerve fiber layer, macular, and ganglion cell layer analysis of OU. Automated visual fields revealed a normal field of OU, as did a laboratory blood test and a brain MRI. None of them revealed any organic cause of palinopsia. The chronology of symptoms and ribociclib intake and the absence of alterations in complementary tests guide the etiology of palinopsia as a rare adverse event related to ribociclib. In April 2022, after careful discussion with the patient, the ribociclib dose was lowered to 400 mg/day. Following dose reduction, palinopsia disappeared until July 2022. The palinopsia reappeared at a very light degree and low frequency. Since then, the patient has been on ribociclib therapy at 400 mg and has very mild, non-daily palinopsias and no evidence of disease progression (October 2024).

[image: Timeline depicting a patient's palinopsia during ribociclib treatment following a breast cancer relapse in July 2021. Palinopsia Grade 2 is noted during cycles 1-4 and 5-7 at 600 mg/24 hours, and Grade 1 from cycles 9-19 at 400 mg/24 hours. Off-weeks occur between cycles, with no palinopsia reported in December 2021. Notes mention the first occurrence of palinopsia and assessments, including MRI and neuro-ophthalmologic evaluation.]
Figure 1 | Cronologic symptoms in case 1 during the intake of Riboclib. *The patient referred palinopsias for 1st time since the beginning of the therapy. **Workup was done MRI, Neuroftalmologic assessment.





Case 2

In December 2022, a 28-year-old premenopausal woman with a history of lymphoma, treated with polychemotherapy (scheme REPOCH), radiotherapy, and surgery of residual mass in 2018, was diagnosed with breast cancer. She had a metastatic invasive high grade with HR-positive (ER 99%, PR 0%) and HER2-negative [immunohistochemistry (IHC) 0+] breast cancer. She had cT3cN1M1 disease. Distant metastasis was located in the brain (parietal lobe and both left and right cerebellar hemispheres) and peritoneum. A biopsy of the peritoneal node confirmed metastases from breast cancer. Brain metastasis was not amenable to surgical resection and did not require immediate radiation therapy In January 2023, the patient started first-line systemic therapy with luteinizing hormone-releasing hormone (LHRH) analogs (goserelin 3.6 mg sc q28days), letrozole (2.5 mg q24h), and ribociclib (three 200-mg tablets daily for 3 weeks followed by 1 week off, every 4 weeks). The patient reported that on the third day of ribociclib the appearance of mild abnormal visual symptoms related to motion when the visual field was no longer there (palinopsia). These images were present every day during bright light conditions or at night. Palinopsia disappeared the first day of the week off ribociclib, and no neurological additional disturbances were reported by the patient. A neuro-ophthalmologist conducted a visual exam: the patient’s best-corrected visual acuity was 20/20 in both eyes. She had equal and reactive pupils with no relative afferent pupillary defect. Slit-lamp biomicroscopy, intraocular pressure, and funduscopy were normal OU. Optical coherence tomography showed a normal peripapillary retinal nerve fiber layer, macular, and ganglion cell layer analysis of OU. Automated visual fields revealed a normal field of OU. Brain metastases were not considered as a cause of the patient’s palinopsia. According to the clear temporal relationship of palinopsia with ribociclib intake and our experience with case 1, we considered this an AE of ribociclib. The patient continued the treatment with ribociclib and endocrine therapy. Palinopsia persisted at the same mild intensity during the on-ribociclib weeks, without any impact on her routine activities.





Discussion

Since the approval of CDK4/6i for HR+, HER2-negative metastatic breast cancer (mBC), these drugs have become the first line of therapy in combination with aromatase inhibitor or fulvestrant. Usually, CDK4/6is are well tolerated, and AEs are generally manageable with dose modification and supportive care measures. The most common AE reported of palbociclib and ribociclib is neutropenia, while the most common AE reported of abemaciclib is diarrhea. No neurological visual adverse events had been described related to CDK4/6i (2, 4).

Palinopsia is a rare neurological visual disturbance that refers to the persistence or recurrence of a visual image after the removal of visual stimuli. Although the exact physiopathology of this phenomenon remains unknown, pathophysiological causes include dysfunction of the coordinate systems of the parietal lobes (5) and the pathways involving processing and feedback of light and motion with alteration of serotonergic activity (6). It is classified into two subgroups: hallucinatory and illusionary. Hallucinatory palinopsia indicates a central nervous system (CNS) alteration, and the causes include neoplasms, seizures, arteriovenous malformation, stroke, or infection. However, illusory palinopsia is strikingly dependent on external light or the motion of an object and is characterized by prolonged indistinct or unformed perseverated images or light (longer than physiological afterimages). The causes include drugs, migraines, menstrual cycle, hallucinogen persisting perception disorder, head injuries, or metabolic diseases (7–11).

Case reports had been published of palinopsias related to prescription drugs: trazodone, nefazodone, mirtazapine, topiramate, clomiphene, oral contraceptives, and risperidone (12–14). Palinopsia usually occurs after introducing the aforementioned drugs or increasing their dose, and it resolves after discontinuation. The pathophysiology of drug-induced palinopsia is based on alterations in neurotransmitters and their receptors, such as the serotonergic system or disruption in GABAergic transmission, which is facilitated by the 5HT2a receptor (15, 16). Estrogens interact with neurotransmitters, including the brain’s cholinergic and serotonergic systems, and hormonal therapies could interfere with the normal CNS process involved concerning the visual field. However, CDK4/6is are not cell-specific, so these agents can interfere not only with the cell cycle of cancer cells but also with the cell cycle of healthy cells in brain tissue. Nevertheless, further investigation is still required to understand the exact mechanisms as well as potential risk factors.

Patients with palinopsias may present to general practitioners, neurologists, or ophthalmologists with visual symptoms, which may be misdiagnosed. Palinopsias need proper ophthalmological and neurological physical exams. Visual acuity, pupil, tonometry, extraocular movement, and external exams are needed, although physical exam and workup are almost always non-contributory, and diagnosis is largely based on information from the clinical history (14).

The two patients described above experienced visual abnormalities early during the ribociclib therapy. The differential diagnoses included CNS spread or toxicity related to aromatase inhibitors. A neurological exhaustive physical exam by a specialized oncologist disregarded other neurological symptoms, and an MRI was performed without evidence of metastases in CNS in the first case and absence of deterioration in the second case. A neuro-ophthalmologist performed a visual exam and did not find ocular pathology. The close temporal relationship between the therapeutic regimen with ribociclib and the reversibility after the ribociclib withdrawal in our patients suggests the direct involvement of palinopsias and CDK4/6i. The woman described in the second case has CNS metastases, but she had not experienced such episodes until the beginning of CDK4/6i therapy. Her abnormal visual alterations started while on ribociclib therapy and disappeared when the therapy was discontinued. In this case, the patient had brain M1; however, the chronology and the clinical course of these symptoms guided our clinical suspicion that palinopsias could be related to ribociclib.

Palinopsia should be distinguished from physiological afterimages or toxicity related to aromatase inhibitors (AIs). Physiological afterimages are a common and benign phenomenon that appears after viewing a bright stimulus and shifting visual focus is thought to derive mainly from photobleaching of the retina, although newer evidence indicates a contribution from cerebral processes (17–19).

The incidence of ocular toxicity related to AI is quite variable. It had been described previously as dry eyes, Sjögren’s syndrome, and ocular surface abnormalities in AI-treated breast cancer patients. Several clinical studies evidenced that hormonal therapy with AI impacts the ocular surface and Meibomian glands. Retinopathy and maculopathy were reported, which could present as blurred vision or ocular pain. These symptoms are accompanied by alterations in ocular coherence tomography in the foveal and parafoveal areas (20).

Ribociclib combined with AI is the first-line therapy in HR-positive, HER2-negative advanced breast cancer since the data published in MONALEESA-2 and MONALEESA-7 trials show substantial benefit in progression-free survival (PFS) and overall survival (OS) compared with hormonal therapy alone. In the pivotal trials, no visual alterations were reported related to CDK4/6i therapy. However, since the approval by Health Authorities worldwide, ribociclib has been used widely, which allows clinicians to identify new, rare adverse events like cutaneous toxicity (21, 22); but to our knowledge, no case of ribociclib-related palinopsia has been described.
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Ductal carcinoma in situ (DCIS), a noninvasive breast cancer, rarely metastasises to distant locations. When the initial lesion is stable, bone marrow metastasis (BMM) and bone marrow necrosis (BMN) are even less common. Here, we report the case of a 47-year-old female patient who underwent localized surgery and radiotherapy for right-sided DCIS. The patient also had a mutation in the breast cancer susceptibility gene 1 (BRCA1, OMIM: 113705) and tested positive for the progesterone and estrogen receptors. After 11 years of disease-free survival, the patient developed severe thrombocytopenia, anemia, fever, malaise, generalized multifocal pain, and irregular vaginal bleeding. A nodule was later found in the right axilla, and a postoperative biopsy revealed tumor cells from the breast. After three bone marrow biopsies, Positron Emission Tomography, 18F-fluorodeoxyglucose, positron emission tomography, computed tomography (18F-FDG PET/CT) scans, and other examinations, she was finally diagnosed with breast cancer BMM and BMN (stable primary lesion without bone metastasis). Despite symptomatic supportive treatment, the patient ultimately died rapidly as her condition deteriorated. In this case, we explored the possible mechanisms of BMM in this patient with DCIS by reviewing the literature related to this case and discussing the heterogeneous clinical presentation and pathologic phenotype. The diagnostic and therapeutic course of this case was extremely challenging. This suggests to clinicians that regular checkups and monitoring are necessary, even if the rate of distant metastasis from DCIS is low.
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1 Introduction

Breast ductal carcinoma in situ (DCIS) is characterized by abnormal epithelial cells restricted within the mammary ducts, surrounded by intact myoepithelial cells and basement membrane (1). It accounts for about 25% of new breast cancer diagnoses and is considered non-invasive as long as it remains within the ducts (2–4). However, low-grade DCIS has the potential to progress into invasive cancer, with rare occurrences of distant metastasis reported at only 0.14% (5, 6). The most common sites of distant metastasis in breast cancer are the lungs, bones, liver, and brain (7–9). Symptomatic bone marrow metastasis (BMM) is an exceptionally rare complication in DCIS, with most cases arising in the context of invasive breast cancer (10). In addition, asymptomatic bone marrow metastases are reported in 20-30% of patients with early-stage breast cancer and are usually caused by disseminated tumor cells (DTCs) that are clinically insignificant (10, 11). Under specific conditions (e.g., changes in the tumor microenvironment caused by systemic inflammation), these dormant cells may be reactivated. When circulating tumor cells (CTCs) invade the bone marrow, replacing normal tissue and causing symptoms like anemia, thrombocytopenia, and coagulation abnormalities, it’s called symptomatic bone marrow involvement (10, 12). Bone marrow necrosis (BMN) is a rare clinicopathologic condition, often overlooked in living patients, characterized by extensive necrosis of hematopoietic tissues and stroma, with symptoms including bone pain, fever, and hematologic abnormalities such as anemia and thrombocytopenia (13, 14). Common symptoms of bone pain are due to inflammation and increased pressure within the bone caused by the metastasis or necrosis of bone marrow, which activates the peripheral sensory nerve endings within the bone marrow by releasing inflammatory mediators and mechanical compression or deformation (15). Malignant tumors are the main cause of BMN, accounting for approximately 90% of BMN cases, with malignant diseases of the hematopoietic system accounting for 60%, and extensive BMN secondary to solid tumors are rare and are usually an end-stage manifestation of symptomatic BMM (14). This report describes a rare case of a female patient who developed symptomatic BMM and eventually BMN 11 years after breast-conserving surgery and radiotherapy. By reviewing the relevant literature, we attempted to analyze the pathological mechanism, clinical characteristics, and treatment options to provide a reference for diagnosing and managing similar cases.




2 Case description

A 47-year-old woman presented to our hospital on February 24, 2024, with fatigue and neck, shoulder, and back pain for the past month. She had been admitted to the hospital in January 2013 for “bloody right nipple discharge for two months.” At that time, she underwent a segmental excision of the right breast lesion and a biopsy of the anterior lymph nodes. The lesion was completely excised with negative margins. Pathologic findings showed non-invasive right breast ductal carcinoma in situ (Figures 1A–C). Immunohistochemistry detected carcinoma in situ estrogen receptor (ER) (+90%), progesterone receptor (PgR) (+80%), human epidermal growth factor receptor 2 (HER2) (+), E-cad (+), 34βE12 (+), P120 (membrane +), Ki-67 (<10%), P53 (+<10%), and SMA (+) (Figure 2A). The breast cancer was graded as pTisN0M0. Genetic testing showed a positive result for the S1 locus of the BRCA1 gene. The patient refused further right mastectomy. Eight weeks after surgery, the patient underwent conformal radiotherapy to the right breast at a dose of DT: 4800cGy/25f, with enhanced DT to the right breast surgical area: 800cGy/4f. The patient was discharged with a good recovery. Despite being advised to take tamoxifen (20 mg daily) due to her hormone receptor-positive (HR+) breast cancer, the patient stopped the medication a few days after discharge and did not attend regular follow-up examinations.
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Figure 1 | (A–C) Hematoxylin-eosin staining of surgical excision specimens of the right breast in 2013 (D–F) Hematoxylin-eosin staining of bone marrow biopsy specimens in 2024. (G–I) Hematoxylin-eosin staining of a specimen of the right axillary mass in 2024.

[image: Panel A shows tissue samples with positive staining for ER (90%), E-cadherin, PgR (80%), P120, and HER-2. Panel B shows tissue samples with negative staining for ER, GATA3, PgR, GCDFP15, and HER-2.]
Figure 2 | (A) Immunohistochemical staining of right breast surgical excision specimen in 2013. (B) Immunohistochemical staining of the second bone marrow biopsy in March 2024.

On this admission, the patient reported heavy and prolonged menstrual flow for the last two months. There was a history of Coronavirus disease 2019 (COVID-19) infection in previous months. The patient denied any family history of genetic disorders or malignant tumors. The breast examination was unremarkable, showing no changes in the right breast or the scar area from the right axillary surgery. Routine blood tests showed platelets (16 × 109/L) and hemoglobin 51 g/L. Tumor markers showed CA153 at 45 U/L, while CEA and CA125 were within normal ranges. On March 2, the patient developed a fever accompanied by vaginal bleeding of about 40 ml, and platelets continued to fall (12 × 109/L). Novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Nucleic Acid Test Returns Positive. Two days later, her plasma D-dimer increased to 55.29 mg/L. By March 7, her alkaline phosphatase had abnormally increased to 2398 U/L. Computed tomography (CT) scans of the craniocerebral, thoracic, abdominal, and pelvic regions, along with breast MRI, did not reveal any recurrence or other metastatic foci of breast cancer. Subsequent 18F-FDG PET/CT examination showed no abnormal metabolism in the area of the right breast surgery or elsewhere in the body (Figures 3A, B), diffuse hyperdensity in the bone marrow cavity, mainly located in the medial skeleton, suggestive of BMM, and no destruction of the bone cortex. (Figures 3C, D). Serum immunofixation electrophoresis revealed normal serum immunoglobulin G, A, and M levels, reducing the likelihood of multiple myeloma.

[image: Four-panel medical imaging depicting PET-CT scans of the torso. Panel A shows a transverse scan highlighting bright areas in the chest. Panel B presents a transverse scan with highlighted areas in the shoulder region. Panel C illustrates a sagittal view of the spine with arrows indicating points of interest. Panel D displays a sagittal PET scan, highlighting metabolic activity along the spine. Blue arrows mark specific areas in each panel.]
Figure 3 | PET-CT images (A, B) There was no abnormal metabolism in the area of the right breast surgery or the axilla. (C, D) Diffuse hyperdensity in the medullary cavity of the bone, no destruction of the bone cortex.

Upon the patient’s admission to the hospital, we performed the first bone marrow aspiration biopsy. The biopsy results indicated metastatic cancer in the marrow. Immunohistochemistry results showed ER (-), PgR (-), and HER2 (-). We conducted another bone marrow aspiration biopsy two weeks later to clarify the diagnosis. We examined two pieces of bone marrow tissue obtained from different puncture sites in the patient’s iliac bone, and both results confirmed BMN (Figures 1D–F). The immunohistochemistry results of bone marrow samples showed ER (-), PgR (-), HER2 (-), GATA3 (-), and GCDFP (-) (Figure 2B). We transfused red blood cells, platelets, and plasma and provided antiviral therapy, symptomatic hemostasis, analgesia, and herbal adjuvant therapy until the definitive diagnosis was achieved.

Surprisingly, a mass was found near the patient’s right axilla during a physical examination one month later. The mass measured approximately 1.5 cm × 2 cm with no redness, ulceration, or tenderness. A puncture biopsy revealed tumor cells. Subsequently, the patient underwent tumor resection, and the pathology showed invasive adenocarcinoma (Figures 1G–I). Immunohistochemistry showed ER (-), PgR (+5%), c-erbB-2 (1+), E-cad (+), GATA-3 (±), GCDFP-15 (-), Ki67 (+ 50%), and p120 (membrane +) (Figure 4). Based on all examinations and laboratory results, we diagnosed the patient with invasive ductal carcinoma of the breast with bone marrow metastasis and axillary metastasis. The patient had an Eastern Cooperative Oncology Group (ECOG) physical status score 4. After assessing the patient’s physical condition, we decided on conservative supportive treatment. On April 19, the patient presented with a gradual worsening of pain in the right upper extremity. One week later, the patient once more presented with heavy vaginal bleeding, malaise, fever, and dyspnea following exertion. The treatment was terminated based on the patient’s expressed wishes. She subsequently succumbed to her illness the following day.

[image: Histological images of tissue samples stained to assess various markers. Top row shows ER negative, PR positive at 5%, HER-2 positive, and E-cadherin positive samples. Bottom row shows P120 positive, Ki-67 positive at 50%, GATA-3 weakly positive, and GCDFP-15 negative samples. The staining intensity and pattern vary for each marker, highlighting different cell properties.]
Figure 4 | Immunohistochemical staining of a specimen of the right axillary mass in 2024.




3 Discussion

DCIS is usually not considered metastatic. However, our patient developed BMM and BMN 11 years after the diagnosis of DCIS, a rare occurrence (16). Clinicopathologic parameters associated with aggressive recurrence and distant metastasis include patient age (<40 years), DCIS size, nuclear grade, presence or absence of consolidated necrosis, histologic type, Ki-67 staining, multifocality, surgical margins, and mode of detection (asymptomatic versus screening test) (17, 18). The patient was 35 at diagnosis, prompted by bloody nipple discharge. No other regular risk factors for distant metastasis were present. Because distant metastases after DCIS are rare and mostly reported as case studies, none of these risk factors were statistically significant. Generally, the mechanisms of recurrence and metastasis in early-stage breast cancer are linked to the completeness of initial treatment, the dormancy and activation of tumor cells, genetic factors, and changes in the tumor microenvironment (19, 20).

Standard treatment for DCIS includes radiotherapy (RT) following breast-conserving surgery (BCS) (21). The NSABP protocol B-17 showed a 12-year local recurrence rate of 32% for DCIS patients treated with resection only and 16% for resection plus radiotherapy (22). Tamoxifen is a selective estrogen receptor modulator (SERM) that is widely used to treat early-stage breast cancer that is hormone receptor-positive (ER+/PgR+) and can significantly reduce the risk of breast cancer recurrence and death (23). Studies have shown that adding tamoxifen to local excision and radiation therapy in ER-positive DCIS patients can reduce the 10-year risk of recurrence (24). However, noncompliance with tamoxifen therapy, especially early discontinuation, may lead to increased recurrence and mortality in breast cancer patients (20, 25). Patients did not take tamoxifen regularly, potentially expanding the recurrence risk.

The tumor microenvironment (TME) plays a crucial role in BMM, promoting tumor cells’ survival, dormancy, and eventual reactivation. Breast cancer cells can reprogram the bone marrow microenvironment, which promotes tumor cell adhesion, angiogenesis, and remodeling of the bone marrow stroma (26). Dormant tumor cells typically survive the successful treatment of the primary tumor and enter a clinically asymptomatic state (27). In the bone marrow, immune cells help form pre-metastatic niches, creating an environment favorable for the survival of DTCs (28, 29). These immune cells secrete pro-inflammatory cytokines that enhance breast cancer tumor cell migration and colonization and mediate the reactivation of dormant DTCs, leading to significant metastasis after long-term dormancy (30). Emerging evidence suggests that COVID-19 can reactivate dormant tumor cells in response to microenvironmental cues, such as inflammatory or immune-mediated signals, leading to tumor progression and metastasis, systemic inflammation, widespread coagulation dysfunction, and multi-organ dysfunction (31). Upon admission, this patient was infected with COVID-19 but was not systematically treated. After this admission, the patient was re-infected with COVID-19, accompanied by fever, elevated D-dimer, and falling platelets. The patient tested positive for the novel coronavirus and had a fever, which conformed to the typical presentation of COVID-19 (32). Subsequently, the patient’s condition deteriorated dramatically. We speculate that the patient’s BMM after 11 years of asymptomatic survival and the rapid development of BMN may be due to immune activation by COVID-19, resulting in a transformation from asymptomatic BMM to symptomatic BMM.

Distant metastasis of breast DCIS in the absence of local lesion recurrence is rare. Previous studies have reported two cases of DCIS where patients developed metastases to the liver, lung, bone, and colon after breast-conserving surgery and endocrine therapy despite the stability of the primary lesion (33, 34). Unlike them, the patient in this case had hardly received any endocrine treatment, and the site of distant metastasis was the bone marrow, which is much more aggressive, has a worse prognosis, and is much rarer. Notably, this patient initially experienced abnormal symptoms, including irregular vaginal bleeding, heavy and prolonged menstrual periods, and later bone pain. As the condition progressed, severe pain (NRS score 8) developed in multiple areas. An increase in vaginal bleeding accompanied each worsening of clinical symptoms. The patient’s fever gradually returned to normal after antiviral treatment, which complicated the diagnosis. Laboratory findings associated with BMN typically reveal anemia, thrombocytopenia, elevated alkaline phosphatase levels, decreased blood calcium, and increased plasma D-dimer. However, these manifestations do not necessarily occur simultaneously (35). Upon admission, the patient presented with anemia and low platelet counts. Subsequent laboratory tests revealed a progressive increase in plasma D-dimer, elevated alkaline phosphatase, decreased blood calcium, and abnormal liver function. Nonetheless, these indicators lack specificity.

Symptomatic bone marrow metastasis (BMM) with a stable primary lesion is rare and prone to misdiagnosis. The patient was admitted to the hospital, and peripheral blood tests showed anemia and a persistent drop in platelets. The initial chest CT examination showed no recurrence or metastasis in the breast, while the PET-CT examination showed diffuse high density in the bone marrow cavity and no metabolic abnormalities in the right breast, armpit, or other areas. These findings made the diagnosis more difficult. In this case, the first step was to rule out hematologic disorders. Bone marrow examination is a high-yield test for identifying BMM from solid tumors (36, 37). In some cases where the primary tumor is occult, immunohistochemical results of bone marrow aspiration and bone marrow biopsy can help identify an unknown primary tumor (36). The first bone marrow biopsy confirmed metastatic cancer of undetermined origin, while further tests ruled out blood disorders. Although BMM is generally straightforward to detect, pinpointing the exact primary site can be challenging. Mammary BMM is commonly associated with bone metastases, and its occurrence without bone metastasis is extremely rare (34). Whole-body CT scans showed no bone metastases, and no cortical bone destruction was observed in the results of the PET-CT. A bone marrow biopsy confirmed metastatic cancer in the bone marrow, yet systemic examination findings remained inconclusive, making the diagnostic process more challenging. The eventual identification of a painless right axillary mass, absent on earlier imaging, was pivotal for diagnosis. By integrating findings from three bone marrow biopsies, PET-CT scans, and the axillary mass, it was concluded that the patient exhibited invasive carcinoma of the breast with BMM and BMN, accompanied by axillary metastasis. Extensive BMN is rare in solid tumors and is highly susceptible to underdiagnosis and misdiagnosis. A retrospective analysis showed that out of 16,651 bone marrow biopsy specimens, only 2 cases of BMN were associated with breast cancer (38). In this case, with an insidious primary disease and nonspecific symptoms, an aggressive multisite bone marrow aspiration biopsy and PET-CT were performed, which provided the prerequisites for the final definitive diagnosis.

Management of bone marrow metastasis remains a clinical challenge due to the lack of established guidelines (39). Due to the rarity of bone marrow metastases from breast cancer, there is a lack of systematic treatment guidelines, and the published literature consists mainly of case reports and studies with small sample sizes. Personalized treatment plans based on the molecular profile of the tumor and the patient’s clinical condition are essential for optimizing outcomes. Chemotherapy is the mainstay of treatment, and weekly paclitaxel therapy is stable and much less toxic. However, bone marrow toxicity of cytotoxic drugs remains an unavoidable problem. Fluorouracil analogs have shown promising efficacy in clinical application and have been reported to be effective for bone marrow metastasis and DIC in gastric cancer (40). Interestingly, Chan, B. reported a case of bone marrow metastasis from triple-negative breast cancer in which the patient developed liver failure after first-line application of albumin-bound paclitaxel, which was then stabilized and controlled by continuous application of 5-FU infusion, followed by oral capecitabine (41). For HER-positive breast cancer bone marrow metastases, adding antibody-drug couplings targeting HER2 prolongs patient survival (42). By searching the literature, we have seen that immunotherapy has shown promising efficacy in bone marrow metastasis of other types of tumors (43). Still, for triple-negative breast cancer, the application has only been reported for metastasis to other sites (44, 45). No studies are related to the application of immune checkpoint inhibitors for BMM. Further studies are expected to address this issue. It has been found that BMM patients’ OS strongly correlates with platelet levels and ECOG scores (34, 46). In this case, the patient was ultimately diagnosed with BMN and had significant suppression of bone marrow hematopoiesis, with symptoms such as grade IV thrombocytopenia (12 × 109/L) and vaginal bleeding. Moreover, the patient was fragile (ECOG 4), and chemotherapy could not be applied in this case. The patient and family agreed to conservative supportive care. Although the patient’s condition improved slightly with plasma transfusion, platelet transfusion, analgesics, anti-infection measures, and herbal medicine, the lack of effective interventions for BMN and the patient’s critical condition led to a deterioration in her condition, and she died the day after being discharged from the hospital. This case highlights the urgent need for further research into effective treatment strategies for BMN associated with breast cancer, especially for patients with severe comorbidities and impaired bone marrow function.

Breast cancer is a remarkably heterogeneous malignant tumor, and its temporal heterogeneity (dynamic changes in molecular characteristics between primary and recurrent foci) and spatial heterogeneity (differences between different metastatic sites) pose significant diagnostic and therapeutic challenges (44, 45). In this case, the patient’s breast cancer progressed from ductal carcinoma in situ (ER+/PgR+/HER2+) to invasive ductal carcinoma (ER-/PgR-/HER2-) and showed further molecular phenotypic changes in bone marrow metastasis and axillary metastasis. The first bone marrow biopsy showed metastatic carcinoma and subsequent bone marrow biopsies showed bone marrow necrosis, suggesting a dynamic change in molecular phenotype, culminating in a triple-negative phenotype. The evolution of breast cancer from ductal carcinoma in situ to invasive ductal carcinoma is characterized by changes in hormone receptor and HER2 status reflecting the heterogeneity of its molecular phenotype, and mutations in the BRCA1 gene in the genetic background may play an important role in this process. Elevated expression of the BRCA1 gene, an essential gene involved in DNA damage repair, cell cycle regulation, and genome stability, is closely associated with an increased risk of early distant metastasis in ER+ breast cancer patients (19, 47). BRCA1 gene mutations are strongly associated with genomic instability, epithelial mesenchymal transition (EMT), and immune microenvironmental interactions, leading to significant inter- and intratumoral heterogeneity, which affects clinical outcomes and drug resistance (48). Our patient carries a BRCA1 mutation, and she declined the recommendation for prophylactic mastectomy. The exact time point of the molecular typing change remains uncertain due to the lack of adequate follow-up review in this case, which constitutes a significant limitation.




4 Conclusion

We describe a rare case of a female patient who developed symptomatic bone marrow metastasis (BMM) and bone marrow necrosis (BMN) 11 years after the diagnosis of DCIS. DCIS may develop into a tumor that is highly aggressive under certain circumstances. Regular follow-up examinations after systemic therapy are necessary. In breast cancer patients presenting with unexplained anemia, fatigue, fever, bone pain, or abnormal vaginal bleeding while the primary lesion remains stable, the possibility of bone marrow metastasis or bone marrow necrosis should be considered. A bone marrow biopsy should be performed actively, and a PET-CT examination should be performed if necessary to confirm the diagnosis as soon as possible. Early treatment can benefit patient survival.
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IE MGA

Glandular Irregular Random wild
distribution
Shape of glands | Jagged edges Round Trregular
to angulated
Stroma Desmoplastic Hyline/fibrofatty Desmoplastic
Luminal Absent Amorphous Absent
secretion eosinophilic material
1 cell layer Yes Yes Variable
MEC THC Absent Absent Absent
BL (Coll Present Present Absent
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IE, infiltrative epitheliosis; MGA, microglandular adenosis; TC, tubular carcinoma; MEC,
myoepithelial cell; IHC, immunohistochemistry; BL, basal lamina; Coll IV, collagen IV.
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Tests on ser blood

Infectious/ Hepatitis B surface antigen
Para-infectious Hepatitis C antibody

Inflammatory/ CRP, ESR

autoimmune Anti-nuclear antibody
Anti-double stranded DNA antibody
ANCA, anti-MPO antibody, anti-PR3 antibody
Extractable nuclear antigen profile (anti-Smith, anti-
ribonucleoprotein, anti-Ro, anti-La, anti-Scl 70, anti-Jo
1 antibodies)

Malignancy Onconeural antibodies (Hu, Yo, Ri, CRMP5, amphiphysin,
PNMA2/Ta, recoverin, SOXI, titin, zic4, GAD65, Tr)

Tests on CSF

Infectious/ Gram stain, culture

Para-infectious Acid fast bacilli smear and culture
Mycobacterium tuberculosis complex DNA amplification
Fungal microscopy and culture
VDRL
PCR tests (Escherichia coli, Hemophilus influenzae, Listeria
monocytogenes, Neisseria meningitidis, Streptococcus
agalactiae, Streptococcus pneumoniae, CMV, Enterovirus,
HSV1, HSV2, HHV6, Human parechovirus, VZV,
Toxoplasma, Cryptococcus)

Malignancy Flow cytometry
Cytology

All negative or normal. ANCA, anti-neutrophil cytoplasmic antibody; CRMPS5, collapsin
response mediator protein 5; CRP, c-reactive protein; CSF, cerebrospinal fluid; DNA,
deoxyribonucleic acid; ESR, erythrocyte sedimentation rate; GAD65, glutamic acid
decarboxylase 65-kilodalton isoform; HHV6, human herpes virus 6; HSV, herpes simplex
virus; LGI1, leucine-rich glioma inactivated 1; MPO, myeloperoxidase; PCR, polymerase
chain reaction; PNMA?2, paraneoplastic antigen Ma2; PR3, proteinase 3; SOX1, Sry-like high
‘mobility group box 1; VDRL, venereal disease research laboratory; VZV, varicella zoster virus.
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Reference Malignant/ Heterogenous Metastatic ~ Metastatic Therapeutic strategy Prognosis

Begin/ element interval site until
Broadline reported
1 Barnes, L. F45 | 10-12 | Malignant thabdomyosarcoma NA 2 years lung brain  1.radical mastectomy for the breast mass | died 2.5 years after
etal 1978 am 2.the entire left resection for the lung the first breast
(12) metastasis 3. irradiation for the brain mass radical
‘metastasis mastectomy
2 Guerero, MA | F96 | 17x Malignant liposarcoma, NA NA NA wide excision died 10 months
etal. 2003 17x8 leiomyosarcoma, after the surgery
(13) am rhabdomyosarcoma,
‘malignant fibrous
histiocytoma
3 TsubochiSato = F/S4 | 9x7 osteosarcoma vimentin (+), cytokeratin (+), S~ 1 year lung subcutaneous mastectomy NA
etal. 2004 x6em 100(+), CD34(+), and HER2(+),
4y PS3(-)
4 Vergine Guy | F71 | 25cm Melanoma Melan A (+), pan-melanoma NA NA completion mastectomy without relapse or
etal. 2015 (+), $100(+), HMBA5(+), CD34 distant metastasis
as) (+), SMA (+), AE1/3(-), P53(-),
MIBI(+)
5 Nara,Stephen = /28 ldx liposarcoma NA NA NA completion mastectomy lost to follow-up
etal. 2018 14x8
a6) em
6 JinBietal.  F59 | 55x Malignant osteosarcoma SMA (+), SATB2(+), Ki67(40%), NA NA wide local excision without relapse or
2021 (17) 40x Ckpan (-) distant metastasis
35am
7 | TuHeTaMi = F52 | 8x6 Malignant mixed liposarcoma AE1/3(+), vimentin (+), 5-100 NA NA radical mastectomy without relapse or
Shi, Wang x55 (myxoid liposarcoma and  (-), Ki67(90%), E-cadherin (-), distant metastasis
etal. 2021 m pleomorphic liposarcoma p63()
as)
8 | HanLiwetal = F69 | 43x Malignant rhabdomyosarcoma MyoD1(+), myogenin(+), NA NA radical mastectomy, VAC therapy without relapse or
2022 (19) 41x desmin(+), a-SMA(+), Ki67 (vincristine, actinomycin D, distant metastasis
33cm (63%) cyclophosphamide)

NA, not mentioned in the reported article.
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LFTs initially improved, but

subsequently worsened, with total Patient remains on
1/31723 PET-CT The patient started cycle 1  bilirubin at a maximum of 20.7 mg/dl capecitabine, restaging CT
e vight day 1 of weekly nab- on 4/6/23. Patient was started on third 81123 showed stable
hypermetabolic breast paclitaxel and receiveda  line therapy with continuous 5-FU hepatomagaly and
12/22 fine-needle mass of 2.5x1.9 cm with  total of 3 doses dated planned for 10 total days from splanomegaly and stable
biopsy of right extensive adenopathy in  2/25/23, 3/4/23 and 3/11/23 4/10/23 to 4/20/23, and transitioned to ‘bone metastasis.
breast and lymph the neck, chest, pelvie,  Wwith noted reductionof ~ capecitabine before discharge, at Clinically, patient is doing
node and upper abdomen right breast mass. bilirubin of 2.9 mg/dl well with ECOG PS of 0.

December 2022 | January 2023 February 2023 March 2023 April 2023 May 2023 June 2023 August 2023

A A A
The patient was initially admitted on ~ The patient was re-admitted 5/27/23 restaging CT
2/20/23 for evaluation of vaginal for hyperbilirubinemiaon  showed improved
bleeding and thrombocytopenia, s’ 3/27/23 with elevated liver  hepatosplenomegaly and
uterine artery ablation. Inpatient work function tests (LFTs), and  stable bone metastazes
up included a bone marrow biopsy was started on salvage
which showed metastatic breast chemotherapy with weekly
cancer in at least 50% of the bone sacituzimab govitecan(SG)
marrow. dated 3/29/23 and 4/4/23.
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Advanced/metastatic disease Carci

ma type Luminal Stage US response Surgery

1 M D B mic PR Y 3

A NOS A s Y 0
2

CR

A L B 1A PR N -
3 |
4 M D+D A+B v CR N -
5 M L+L B+B v PR N -
6 M D A v PR N -
7 M D B v PR N -

A L A 1IB CR N -
8

*A, advanced; M, metastatic; D, ductal; L, lobular; NOS, not otherwise specified; RCB, residual cancer burden; Y, yes; N, no; CR, complete response; PR, partial response.
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Time and
Histopathology method Follow-up References
of operation

Disease Skin

Clinical feature

Childbearing time changes

at 14 weeks of

bilateral breast; breast bilateral skin-sparing  no recurrence; healthy
dichorionic multiple *
A . —— il dmoromie | tenderness, back pain with P e mastectomy at 16 twins were delivered by s
L asthma movement limitation and L weeks of cesarean section at 38
pregnancy respiratory impairment. dleerations the pregnancy weeks of gestation
presented piratory - egnancy i
tamoxifen
bilateral breasts
for 3 month; . darkening, .
. edema throughout her bilateral mastectomy | no recurrence; delivering
infertility; at 22 3/7 weeks . moderate .
2 a3y primigravida recurrence bilateral breasts,bra strap typical PASH at second trimester  at term via spontancous a0
i viro of gestation rooving and tenderness | 7™ of gestation vaginal delive
fetilization i and edema L ® 2
(IvF) e ¢ e
‘multiple bilateral
) galactostasis s bt thickening - subcutancous gland
3 oy multipara during | recurrence ¢ and typical PASH resection, inverted no recurrence this case
of gestation gland enlargement; :
first pruritus mastectomy on July

lactation 14,2003
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Patient No. of lesions Size (mm) TO Size (mm) T1 Size (mm) T2

1 1 18 10 10
2 2 115 0 0
3 3 ' 44 40 30
4 4 14 10 0
5 5 36.5 305 23
6 6 47 33 30
7 7 31 11 14
8 8 36 10 0
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Subgroups Stromal Stromal atypia Stromal Mitosis (/mm? HPFs)  Tumor margin

cellularity overgrowth
Benign Mild Mild Absent <25 Well defined
Borderline Moderate Moderate Absent or focal 25-50 Well defined and

focally infiltrative

Malignant Marked Marked Present > 5.0 Infiltrative

HPE, high-powered field.
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Date

June 2019

September

2020

November
2020

May 2021

June 2022

Symptom

A painless mass on the
left breast was found
without any pain

or discomfort

Rapid growth of the
left breast mass

Left breast mass
measured 17 cm x 15
cm x 10 em with ill-
defined and ruptured
borders, skin exhibited
necrosis, foul odor, and
oozing fluid

Subcutaneous nodule
on the anterior part of
the sternal body
measuring
approximately 3.0 cm x
2.5 cm.

Multiple metastases in
the liver, lung,
and brain

Misdiagnosis
of mastitis at

a clinic

Giant
malignant
phyllodes
tumor

with infection

Local
recurrence of
the malignant
phyllodes
tumor

Patient
succumbed to
multiple
organ failure

Treatment

No treatment
was given

Incision and
drainage
procedure
performed.

Four-day course of
intravenous
antibiotics, wound
care, mastectomy,
and skin graft

Localized expended
resection of the
mass and
displacement of the
medial right breast
gland to the anterior
thoracic region
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BI-RADS descriptors TO T2
Irregular 719 (78%) 3/7 (43%) 2/5 (40%)
Shape Oval 1/9 (11%) 3/7 43%) 2/5 (40%)
Round 1/9 (11%) 1/7 (14%) 1/5 (20%)
Parallel 4/9 (44%) 3/7 (43%) 3/5(60%)
Orientation

Not-parallel 5/9 (56%) 417 (57%) 2/5 (40%)

Circumscribed - - -

Margins

Not-circumscribed 9/9 (100%) 717 (100%) 5/5 (100%)
Hypoechoic 5/9 (56%) 6/7 (86%) 5/5 (100%)

Echo pattern Complex cystic and solid 3/9 (33%) 1/7 (14%) -

i Heterogeneous 1/9 (11%) - -

None - - -

Enhancing - = -

Posterior features

Shadowing 5/9 (56%) 6/7 (86%) 5/5 (100%)

Combined pattern 4/9 (44%) 1/7 (14%) -
Skin changes 719 (78%) 2/7 (28%) 2/5 (40%)
Associated features Edema 1/9 (11%) 3/7 (43%) 1/5 (20%)
Duct infiltration 1/9 (11%) 2/7 (28%) 2/5 (40%)
Absent 2/9 (22%) 717 (100%) 5/5 (100%)

Vascularization Vessels in rim 1/9 (11%) - -

Internal 6/9 (67%) - -
No lesion 2/9 (22%) 5/9 (56%)
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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) 29 (2.2/0.7) 17.5
(7) reassessment
Amir 2011 (8) 231 LR/DM Reports review 126 (3.0/9.6) 312 (7.0/24.2) 55 (4.1/1.4) 142
Amir 2011 (9) 94 LR/DM Biomarkers 16.0 (4.3/11.7) 40.4 (4.2/36.2) 96 (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 (-/-) 300 (-/-) -(-1) -
(12) reassessment
Curtit 2013 (13) 235 LR/DM Biomarkers 17.0 (4.7/12.3) 293 (7.2/22.1) 4 (1.0/3.0) o
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 204 (4.5/15.9) 377 (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 149 (-/-) 227 (-1-) 183 (-/-) =
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.
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4 months therapy of Docetaxel+ 1 month therapy of Docetaxel + 2 months therapy of Capecitabine Baseline of Letrozole therapy Baseline of Letrozole therapy
Oxaliplatin Oxaliplatin + Bevacizumab pleural effusion increased pleural effusion increased
06/04/2017 SD 27/06/2018 SD 25/06/2019 SD 24/09/2021 PD 21/10/2021 PD
B D F H1 H2
Surgery and Metastasis Docetaxel + Oxaliplatin + Bevacizumab Capecitabine Vinorelbine Letrozole
diagnosis (2004.06) (2016.12) (2018.06-2019.03) (2019.04-2021.08) (2021.08) (2021.10-)

33)
-~ \;)‘ | . 2

9 months therapy of Docetaxel + 28 months therapy of Capecitabine 3 months therapy of Letrozole
Oxaliplatin + Bevacizumab pleural effusion decreased
18/03/2019 PD 12/08/2021 PD 08/02/2022 PR
E

G |

Metastatic pulmonary nodules and | 16 months therapy of Docetaxel +
lymph nodes Oxaliplatin
06/12/2016 30/05/2018 PD
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Patient

Treatment
Time
(min:sec)

Right Breast
Closest Skin bridge

Dose to
Skin

distance Breast (Gy)

(mm)

Patient 1 16:40 13.2 ‘ 1.96 (1.73-2.24)
Patient 2 19:40 19.4 ‘ 1.01 (0.93-1.12)
Patient 3 19:56 11.2 ‘ 2.67 (2.36-3.03)
Patient 4 24:41 8.5 ‘ 4.28 (3.85-4.77)
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Size of the
Final Pathological Tumor Applicator Adjuvant

Laterality Complications Therapy

Pathology Size (mm) Resected Size (mm)
(cm)

Development Delay Aromatase Inhibitor +

Pert b,
1 66 IDC 45 31x52x45 | 30 Right + ertuzumab/
. . Trastuzumab/
Behavioral Disorder 2
Hyaluronidase
Intellectual
2 47 IDC+DCIS 25 5x5x24 35 Left ieetu Tamosxifen
Disability
Aromatase Inhibit
3 70 DCIs NA* 15x5%55 35 Left Tardive dyskinesia romatase fnibitor

+ Trastuzumab

Traumatic Brai
4 59 ILC 15 33x3x07 40 Right e Aromatase Inhibitor
Injury (TBI)

*No residual invasive carcinoma. Span could not be determined due to a few scattered foci.
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Study Age  Pregnant Histology Initial Treatment

(year) (sex) (y/n) Serum
bHCG
Saigo PE, 55(F) | N IDC, with co-existing N/A* | 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 A Right MRM f/b radiation therapy 2 7
1999 cells with occasional (T3N2MO0) and adjuvant 5FU derivative & months | months
hemorrhagic necrosis. anti-GnRH

MGCs*** resembling
syncytiotrophoblasts. DCIS****

background,
Resetkova | 38 (F) | Y Syncytial pattern of cells <1 B Excisional bx with clear margins, | 1year | N/A
E, 2004 surrounded by rim of chronic (T1bNOMO) | elective abortion, chemo

lymphoplasmacytic infiltrate. (unknown)

Multiple atypical mitotic figures
& focal tumor necrosis

Resetkova 54(F) N IDC with features of 34 1B 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 TIA 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 IIA Right radical mastectomy 4 years
M, 2008 tumor cells resembling (T2NOMO)

syncytiotrophoblastic and
cytotrophoblastic cells,
extensive necrosis and

hemorrhage
Zhuy, 32(F) N MGCs resembling 22,931 1V (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.

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

Oguz A, 69 (F) N IDC with most of tumor with N/A IA Left MRM f/b 6 cy 23 N/A
2014 choriocarcinomatous (TINOMO) cyclophosphamide (500mg), months
differentiation with perineural doxorubicin (50mg), 5FU (500mg/
invasion m2)

*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 (x/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

*N/A - Not reported
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A) Case 1: 72-year-old, €

« Trastuzumab deruxtecan
(discontinued due to pneumonitis)
- Tucatinib, capecitabine, and trastuzumab

« Carboplatin, paclitaxel,
and trastuzumab
« Eribulin and trastuzumab

2010 2017 (discontinued due to AEs)
i [ — ] ii ) i Patient died
Adjuvant 2 YEARS 1 YEAR 6 MONTHS 3 MONTHS
radiation and Paclitaxel, trastuzumab, Ado-trastuzumab Fulvestrant, Gemcitabine and
tamoxifen for and pertuzumab emtasine abemaciclib, and margetuximab
trastuzumab 3 cycles

several months

B) Case 2: 45-year-old,

11 MONTHS
Trastuzumab deruxtecan
2018
‘ . ' ¢ ] SN Paticnt died
5 MONTHS 4 MONTHS | 8 MONTHS 3 MONTHS 3 MONTHS
Trastuzumab, | T-DM1 Vinorelbine, Trastuzumab, Margetuximab + eribulin
pertuzumab, trastuzumab, capecitabine, (discontinued due to grade
docetaxel pertuzumab tucatinib 3 neuropathy)

C) Case 3: 54-year-old, 6t

2 MONTHS
Carboplatin, gemcitabine,
and trastuzumab

4 MONTHS 4 MONTHS 1 MONTH
Trastuzumab Pembrolizumab  Margetuximab

deruxtecan and eribulin;
brain radiation

=Y oo c—— ——

) = . Patient died
12 MONTHS 7 MONTHS 5 MONTHS 6 MONTHS 1 MONTH
Anastrozole, trastuzumab, T-DM1 Capecitabine Margetuximab and Palliative
and pertuzumab (only 1 month), paclitaxel; brain treatment
trastuzumab, radiation (5 months)
tucatinib
1 MONTH

Enrolled in SUMMIT Trial
(neratinib, trastuzumab,
fluvestrant)
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October 10™, 2022

February 26", 2023






OPS/images/fonc.2024.1338661/fonc-14-1338661-g003.jpg





OPS/images/fonc.2024.1338661/fonc-14-1338661-g002.jpg





OPS/images/fonc.2024.1338661/fonc-14-1338661-g001.jpg
April, 2015
Diagnosis of left
breast cancer

Chemotherapy +
targeted therapy

Pre-surgical chemotherapy

+ targeted therapy, left

July,2017
Tumor recurrence
in the left breast

Radiotherapy +
endocrine therapy

breast surgery, post-surgical
chemotherapy + targeted
therapy

January,2020
Another recurrence in
the left chest wall

Chemotherapy + targeted
therapy + radiotherapy,
chemotherapy + targeted
maintenance therapy after

radiotherapy

Targeted therapy
(including RC48)

November,2021

October,2022

Targeted therapy (DS8201)
+ immunotherapy

Breast Cancer with

April, 2022
Discovery of primary
right breast cancer

Right breast surgery
+post-surgical targeted
therapy (including
RC48)

Pulmonary Metastases

October,2023
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Diagnosis: B-ALL, common tyoe, Ph-
Treatment:
« (AT MRC UK ALL XII

Diagnosis: TNBC (cT2ZNOMO), germline
pathogenic vanant in the PALEZ gene
Treatment: Follow-up

protocol Cweekly (pacitaxel +

carpoplatin) x 12 = AC x 3

18 &y prophylactic cranial
irraciation

200 20080 DD 202 2023 ) 202

Treatment:
«  Dilateral skin-sparing mastectomy and

Diagnosis: Recurrent B-ALL
Treatment:

right-sided sentinel lymph node biopsy
preventative laparoscopic bilateral
adnexectomy

« [ChT7: HAM protocol
e 120Gy TEI
¢ Alle-2CT
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Date GLS LVEF

May 2022 -158% s
September 2022 -157% 0%
January 2023 = son
Apeil 2023 -163% s

The tble illstrates the temporal evolution of et ventriclar cectio fracton (LVEF) and
slobollongitadinl sirin (GLS) documenting normal values forboth parameters throughout
the recorded period.





OPS/images/fonc.2024.1473881/fonc-14-1473881-g002.jpg





OPS/images/fonc.2024.1473881/fonc-14-1473881-g001.jpg





OPS/images/fonc.2024.1473881/crossmark.jpg
©

2

i

|





OPS/images/fonc.2024.1444431/table1.jpg
Product ESG401 Trodelvy DS-1062

Antibody Sacituzumab Sacituzumab Datopotamab
Payload SN-38 SN-38 DXd
Linker MC-VC-PAB ClL2A GGFG

Type of Linker Enzyme dependent = pH-dependent | Enzyme dependent

DAR 8 7.6 4
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2019-10-9 2020-1-14 2020-3-15 2021-2-25 2021-4-26

Albumin-bound paclitaxel

Fulvestrant — capecitabine maintenance Eribulin
First-line Second-line I Third-line
3m 13.6m 14.7m

22.5m+
< Fourth-line }

ESG401

2024-3-21 2023-05-22 2022-12-12 2022-7-18 2022-5-14
22.5 months later 12 months later 7 months later 2 months later ESG401 initiated
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Mucus and blood in stools chemotherapy Breast mass from rectal cancer chemotherapy

S
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Study Age Sex Metastasis of breast metastases cat
Our study 41 Female Breast 18months Left
Alexander, HR (19). 28 Female Breast/Lung I1months Right
Lal, R (20). 69 Female Breast/Skin/Lung/Brain lyear Left
Mihai, R (21). 53 Female Breast/Skin Syears 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, .Y (29). 47 Female Breast 3 years Left
Hsieh, T.-C (30). 1 44 Female Breast/Liver 7months Right
Cheng, X (31). 57 Male Breast Smonths 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
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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 14 115 9 14 9
10 5.5 4.8 9 3

After the comprehensive treatment
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Before the comprehensive treatment 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 "f:i:;el:z?ha:; euxslcelr;zoarr:aépr; ::\;slcles are Grade 4, with a grip strength of aArl: t(l}-n;iieeﬁ;pper arm muscles
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
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Diagno:

Primary bilateral invasive ductal carcinoma
with lymph node involvement

Second primary RT-induced sarcoma of
chest wall

Metastatic brain lesions from
breast primary

Metastatic bone and recurrent brain lesions

Progression of brain metastases

Treatment

Neoadjuvant paclitaxel 80 mg/m? IV weekly for 16 weeks; trastuzumab 8 mg/kg
(loading) IV for first cycle, followed by 6 mg/kg Q3W; pertuzumab 840 mg (loading) IV
for first cycle, followed by 420 mg Q3W; leuprolide 11.25 mg IM Q3M

Bilateral nipple-sparing total mastectomy, left axillary dissection, right sentinel node
biopsy, implant insertion

Locoregional RT; trastuzumab 6 mg/kg Q3W + pertuzumab 420 mg Q3W for up to 1
year; leuprolide 11.25 mg IM Q3M; letrozole 2.5 mg orally daily

Wide local excision with clear margins

Tumor resection (7 x 5 cm dura-based lesion in left parieto-occipital lobe); local and
whole-brain RT; capecitabine 1000 mg b.i.d. for day 1-14 Q3W (2 weeks on, 1 week
off); lapatinib 750 mg daily for first week, followed by 1250 mg daily thereafter;
leuprolide 11.25 mg IM Q3M; tamoxifen 10 mg b.i.d.

Corpectomy; capecitabine 1000 mg b.i.d. for day 1-14 Q3W (2 weeks on, 1 week off);
neratinib 120 mg daily for 2 weeks, then 160 mg daily for 1 week, followed by 240 mg
daily thereafter; leuprolide 11.25 mg IM Q3M; letrozole 2.5 mg orally daily; denosumab
120 mg SC Q4W

T-DXd 5.4 mg/kg Q3W; antiemetics and corticosteroids as needed

Date

Feb 2016

Aug 2016

Nov 2016

Oct 2018

Jun 2020

Nov 2021; Mar 2022; Apr 2022

Nov 2022-Ongoing
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Frontiers in
Oncology

Advances knowledge of carcinogenesis and
tumor progression for better treatment and
management

The third most-cited oncology journal, which
highlights research in carcinogenesis and tumor
progression, bridging the gap between basic.
research and applications to imrpove diagnosis,
therapeutics and management strategies.

Discover the latest
Research Topics

Frontiers

Avenue du Trbunal-Fédéral 34
1005 Lausane, Switzerland.
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03/2011  10/2011 03/2016 08/2016 05/2018 10/2018 01/2020
Surgery Radiotherapy Contralateral Radiotherapy  Diagnostic procedure— Disease Disease
Surgery pathology/tumour profiling Progression Progression

05/2016

i dentinal Advanced breast cancer

Early breast cancer

03/2011 06-09/2011 03/2016 04-06/2016 05/2018 07/2018 12/2018 02/2020
_First. Adjuvant  Second Adjuvant Relapse 1L systemic 2L systemic 3L systemic
Diagnosis- therapy Diagnosis therapy therapy therapy therapy
pathological

lump in the right
breast





OPS/images/fonc.2023.1214660/fonc-13-1214660-g002.jpg





OPS/images/fonc.2023.1214660/fonc-13-1214660-g003.jpg





OPS/images/fonc.2023.1240865/fonc-13-1240865-g002.jpg
A B o
C>A C>G c>T T>A T>C T>G

c
£ g% Sinature
5 E =
2, o2
z o g sesim
: g g ol
o 2 sesar
2 5 s
K] H e sosio
@ |:| 0.25-
& oo 1. I lubnnl fossago..cosaa s . loollac 0

B A

context 00

B0O1

D Chromosomes

E Chromosomes

e T

Chromosomes





OPS/images/fonc.2023.1240865/fonc-13-1240865-g003.jpg
High
PGR

ESR1

Medium

ERBB2
Low

MKIE7
AR

B0O1

I ] SRR2148267_Healthy AT

SRR2148266_Healthy_AT

SRR2148265_Healthy_AT

SRR2148261_Healthy

SRR2148260_Healthy

SRR2148259_Healthy

SRR2148258_Healthy_AT
SRR2148257_Healthy_AT
SRR2148256_Healthy_AT

] SRR2148252_Healthy_AT

SRR2148251_Healthy_AT
SRR2148250_Healthy_AT

SRR2148246_Healthy_AT

SRR2148245_Healthy_AT
SRR2148244_Healthy_AT

SRR2148240_Healthy_AT

SRR2148238_Healthy_AT

SRR19969218_Healthy
SRR19969217_Healthy
SRR19969216_Healthy
SRR19969215_Healthy
SRR19969213_Healthy
SRR19262428_H
SRR19262427_H

SRR19262423_H:

|| SRR19262418_Healthy

MKis7

18987 coding genes

PAM50 genes

©
a § =
§EgEsEs
32324838
-
Zeccccs

20

10

-i0

20

20

tSNE_1

20

o =) S ) S
& e 2 §





OPS/images/fonc.2023.1240865/table1.jpg
ALLELE

GENE CHR POSITION REF ALT  HGVS. HGVS. COVERAGE COVERAGE FREQUENCY = CLINVAR  CLINVAR STATUS CANCERVAR gnomAD CADD

PIK3CA  chd | 179234297 A G | c340ASG  pHisl47Arg 120 7941 3417 % Pathogenic 3 Tier_II_potential [10] 25
TPS3  chrl7 | 7675088 c T eSG>A  pArgl7sHis 70 3139 5571% Pathogenic 2 Tier_1_strong [11] 1.548¢.05 24
NFKB2 | chrl0 | 102400117 G CLI | cl507G>C  p.Valso3Leu 68 3533 4853 % . Bl Tier_III_Uncertain [3] 27

ATM  chril | 108312478 G C  ¢5986G>C  p.Glul996Gln 106 5848 4528 % . -1 Tier_II_potential [8] . 241
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15.9.2021 29.9.2021 13.10.2021 115102031 17.11.2021 12.01.2022

HBY DNA 4383 UmL 28 UlmL <10 UL - -
Start of therapy Flrst cychk of
AST 12 UL 1SUIL B 1S UL 1S UL
with TENOFOVIR RIBOCICLIB
ALT 1 UL 122U 1S UL 20 20UL
ALP QgL 101 UL n3uL 120 UL ns v
24
18
12
6
0
15.09.2021 13.10.2021 17.11.2021 12.01.2022 23.02.2022
e AST —ALT
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Feb 2020: R
breast biopsy
and palpable
R LN biopsy
both + for
invasive
high-grade
NEC with
extensive
necrosis; ER,
PR, and
HER2
amplification
- (TNBC)

Mar 2020-Aug
2020: Neoadjuvant
chemotherapy with

4 cycles of dose

dense adriamycin
and
cyclophosphomide

followed by 12

weekly doses of

paclitaxel and
carboplatin

Mar 2020: Breast
MRI reveals
biopsy proven R
malignant mass
and metastatic LN
in axillary tail, 6
abnormal level T
axillary LN, 1
abnormal level IT
LN deep to
pectoralis minor,
and 3 level IT
asymmetrically
prominent LN.
PET scan + for
FDG avid
malignancy in R
breast and axilla.
¢T3, cN1-2, cMO,
prognostic stage
ic

Aug 2020:
Breast MRI
reveals large
area of artifact
in R breast and
few
subcentimeter
axillary LN. R
mastectomy
with axillary
LN dissection
revealing y
PTlaNlaand
0.3 cm focal
residual high-
grade NEC with
lymphovascular
invasion. All
margins
negative. 3/26
LN + with
extranodal
extension.

Sept 2021:
CT CAP
reveals 4x6
mm right
upper lobe
non-
calcified
mass in
lung

Dec 2021:
Brain MRI
reveals no
evidence of
metastasis
Oct 2021-
Nov 2021:
Adjuvant
radiation
therapy

Dec 2021-
May 2022: 8
cycles of
adjuvant oral
capecitabine

Jan 2022:
Bone Scan
is negative

Dec 2022:
CT CAP,
Brain MRI,
and Bone
Scan reveal
no
evidence of
metastasis
May 2022:
CT CAP
reveal no
change in
lung nodule
and no
evidence of
metastasis
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Exon 20:
T790M

mutation

Extracellular Domain
EGFR Transmembrane Domain
Tyrosine Kinase Domain -

4 v 4
¥ 4
4

- Cell proliferation, differentiation, and survival
- Cell-cycle progression
- Inhibition of apoptosis
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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
V IRS2 N28_H29insN
RAF1 Q255P
EPHA3 T406N
NF1 S665F
RBI rearrangement
FGF10 amplification
PARK2 R191W
RICTOR amplification
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July/2021

The patient referred palinopsias during ribociclib weeks

Palinopsias Palinopsias
Grade 2

Grade 2

Palinopsias
None

" )

Ribociclb
off

Ribociclib Off-Week Ribociclib off-Week Ribociclib Off-week iboci
600mg/24h 600mg/24h 600 mg/24h &b:;?:h Offweek.
09/2021 12/2021 01/2022 03/2022°/** 04/2022 04/2023

*The patientreferred palinopsias for 1st time since the beginning of the therapy
**Workup was done MRI, Neuroftalmologic assessmant
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Feature Chao Lietal ( ) This Case
Admission Year | 2018 2018
Gender Female Female
Age 77 68
Tumor Size 10.0cmx10.0cm 6.0cm X 6.0cm
Breast Affected Right Left
Location Out drant U " drant
uter quadran er outer quadran
in Breast 9 PP 9
Ma@mogaphy T — Slightly. denée mass,
Findings no calcifications
Squamous cell carcinoma
) . Squamous cell carcinoma, (about 25%) + invasive
Histological X R . :
T invasive ductal carcinoma, and | ductal carcinoma (about
ype high-grade sarcoma 5%) + high-grade
fibrosarcoma (about 70%)
Axillary lymph node,
Metastasis CEETP HOtE None observed
bone, lung
impl tect d
Surgery Palliative mastectomy Slm[.) ¢ mastectomy an.
sentinel lymph node biopsy
Doxorubicin +
Chemotherapy Cyclophosphamide, Doxorubicin + Ifosfamide
Paclitaxel, Capecitabine
Radiotherapy Not performed Not performed
Lung metastasis reappeared 7
months post-surgery, treated
Prognosis with albumin-bound paclitaxel | Lost to follow-up

and carboplatin, alive at 11-
month follow-up
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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 38 365 435
4 21 32 38 36 43

5 20.5 7 37.8 37 43.7
6 205 317 37 37 43

7 219 325 38 37 425
8 204 323 375 37 43

9 20 323 37.6 37 43

10 205 323 375 372 435
11 205 32 37 36.8 435
12 20 32 37 369 435
13 20 32 37 368 435
14 20 32 | 36.5 36.5 43.5
15 19.5 1 32 | 36.5 I 366 435
16 20 319 36.6 364 435
17 195 319 36.4 36.5 435
18 19.5 318 36.2 363 435
19 20 319 36 36.3 ' 435
20 195 318 36.1 36.2 435
21 19.5 318 35.8 362 435
22 19.5 318 357 363 435
23 195 318 355 362 435
24 19 317 ‘ 354 36 43.5
25 19 317 35 36 435
26 19 317 35 36 [ 43.5
27 19 317 35 36 435
28 19 317 35 36 435
29 19 317 35 36 435
30 19 317 . 35 36 435
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Date
January 2020
June 6, 2020
June 8, 2020

June 12, 2020

June 28, 2020
July 8, 2020
August 6, 2020
August 13 - October 25, 2020
August 28, 2021
September 6, 2021

October 14, 2021 - March
6, 2022

April 20, 2022

May 11, 2022
May 13, 2022
June 13, 2022

July 2022

Event
Patient discovered a scrotal mass near the base of the penis, red with occasional pain.
Presented to Urology Department.
Scrotal lesion excision surgery performed under spinal anesthesia.

Postoperative pathology showed invasive adenocarcinoma with Extramammary Paget's disease of the
scrotal skin.

PET/CT showed multiple hypermetabolic lymph nodes in the left inguinal region, indicating metastasis.

Underwent inguinal lymph node dissection; multiple enlarged lymph nodes fused into a mass.
Chest-abdominal-pelvic CT showed left inguinal mass.
Completed four cycles of chemotherapy with paclitaxel liposome and nedaplatin.
Follow-up revealed a recurrent scrotal mass.
Second scrotal lesion excision surgery performed.

Seven cycles of TE regimen chemotherapy completed.

Started capecitabine maintenance therapy.

Enhanced CT showed multiple liver metastases, indicating disease progression.
Started treatment with gemcitabine, carboplatin, and bevacizumab; developed thrombocytopenia.
Received disitamab vedotin treatment; developed fever during hospitalization.

Patient passed away.

Category

Initial Observation
Initial Diagnosis
Surgery

Pathology

Imaging
Surgery
Imaging

Chemotherapy

Follow-up
Surgery

Chemotherapy

Maintenance
Therapy

Imaging
Chemotherapy
Treatment

Outcome

PET/CT, Positron Emission Tomography/Computed Tomography; CT, Computed Tomography; TE, Nab-Paclitaxel + Epirubicin; EMPD, Extramammary Paget's discase.
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Figure 1. Left Upper Limb Lymphedema
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