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Neuroendocrine breast tumors represent a rare subtype of breast cancer, accounting for less than 1% of all neuroendocrine neoplasms. Starting from their pathology definition, and going through their prevalence, prognosis and treatment, our knowledge is still really uncertain. In the present short review of the medical literature on this topic, we have evaluated in details their epidemiology, risk factors, pathogenesis, pathology, clinical presentation, radiographic aspects, prognosis, and therapy. We have thus been able to identify a number of open issues regarding primary neuroendocrine neoplasms of the breast that need to be clarified. Our ultimate aim was actually to try to understand whether neuroendocrine neoplasms of the breast can be considered a definite clinical entity and if neuroendocrine differentiation of breast tumors has a really clinical relevance.
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Introduction

Neuroendocrine neoplasms (NENs) are a group of heterogeneous tumors deriving from neuroendocrine cells. Neuroendocrine cells are scattered around the body. Therefore, NENs have been reported to arise in multiple sites, such as central nervous system, respiratory tract, larynx, gastrointestinal tract, thyroid, skin, breast, and urogenital system (1).

Primary neuroendocrine neoplasms of the breast (BNEN) are particularly rare, accounting for less than 1% of NENs. Furthermore, the definition of BNEN is still quite confused (2). In the 2003 World Health Organization (WHO) Pathology and Genetics of Tumours of the Breast and Female Genital Organs, BNEN were recognized as a distinct entity (3) requiring -as diagnostic criteria- the expression of NE markers (specifically chromogranin and synaptophysin) in more than 50% of cells (4). It was later revised and the term changed into carcinomas with NE features in the 2012 WHO Classification of Tumours of the Breast (5), with the 50% threshold for NE marker positivity considered arbitrary and therefore removed. In the more recent WHO classification published in 2019, BNEN can only be identified only when the proportion of neuroendocrine cells in samples is greater than 90% (6).

BNEN are overall heterogeneous in their definition, being characterized by a various grade of differentiation and histological overlap, and at present, they do not identify a definite clinical entity, and no specific prognosis or therapy have been recognized yet.

The aim of the present mini-review is to focus on light and shadow of our knowledge about BNEN, and to recognize the gaps to be filled in to better define this group of neoplasms as a precise clinical reality.



Epidemiology

Primary BNENs represent a rare and heterogeneous entity, whose real incidence is probably poorly understood because they are often under diagnosed (7–10). Its incidence among breast cancer has been reported to range from 0.1% to 5% (5, 9–12). After the WHO classification of breast tumors first recognizing BNEN as a separate unique entity in 2003, Gunhan-Bilgen et al. (2003) and Lopez et al. (2008) analyzed large series of breast cancers, including 1845 and 1368 cases respectively, and estimated that BNEN incidence varied between 0.3% and 0.5% of all breast cancers (11, 12). In 2012 the novel WHO Classification of Tumors of the Breast established that the diagnosis of a NE breast cancer can be made regardless of the percentage of tumor cells expressing NE markers. According to the 2012 WHO classification, primary BNEN would account for 2% to 5% of breast cancers (5, 13). However, Wang et al. analyzed the Surveillance, Epidemiology, and End Results (SEER) registries during 2003–2009 and reported 142 cases of primary BNEN, accounting for no more than 0.1% of total breast cancers, much less than the rate reported by the WHO (9). The relevant changes in the WHO classification criteria for BNEN over the years may explain the large differences in the incidence rate between one study and another. Consequently, further epidemiological studies should be performed by histologically revising tumor samples according to updated and uniform criteria.

Most patients with BNEN are postmenopausal women between their fifth and seventh decade of life (mostly aged >60 years), while the incidence in younger premenopausal women is still lower (5, 9, 14–17). Males are rarely affected by BNEN (9, 15–17). However, despite the overall low incidence, there are proportionally more males with BNEN than with other mammary cancers (9, 17). The distribution of ethnicity for BNEN seems to be similar to other mammary cancers (9).

The main risk factors for BNEN are currently believed to be the same as for non-neuroendocrine breast cancer, such as age and family history. Reproductive factors, as early menarche or late menopause, may also increase the risk of this disease, as well as significant exposure to estrogens, typical of patients taking oral contraceptives or undergoing hormone replacement therapy (HRT) (18). Nevertheless, the risk of breast cancer has been shown to significantly decrease after two years of discontinuation of HRT, as well as in women who stop taking oral contraceptives for more than 10 years (18–20). Evidence exists suggesting a link between high prolactin levels and risk of breast cancer development; however, it is unclear whether this is true for BNEN too. Prolactin has been shown to regulate breast stem cells and progenitor cells through its receptor (PRLR), acting as a pro-tumorigenic pathway (21). Moreover, PRL via PRLR is able to promote migration and invasion of breast cancer cells (22). Recently Zang et al. published two cases of BNEN associated with hyperprolactinemia, one patient suffering from mental disorder under antipsychotic drugs, and another one diagnosed with BNEN in late pregnancy, suggesting that hyperprolactinemia may represent a risk factor for the development of BNEN (23).



Pathogenesis

Current knowledge on natural history and pathogenic mechanisms of breast tumors with NE features is not clearly defined yet. There are different hypotheseson the pathogenesis of these neoplasms. The more controversial one suggests their origin from neoplastic transformation of native neuroendocrine cells constitutively present in the breast, despite little evidence of neuroendocrine cells detectable in benign breast tissue (24, 25). Conversely, according to another assumption, underlying the development of BNEN there would be an early splitting of the neoplastic stem cell differentiation into both neuroendocrine and epithelial lines (26). This assumption is consistent with the typical co-presence of neuroendocrine and exocrine cells in breast poorly differentiated neuroendocrine carcinomas (PD-NECs), and is supported by molecular studies which report a clonal correlation between neuroendocrine cells in PD-NEC and intraductal component of the tumor (25, 27). PD-NECs would therefore seem to originate from a neuroendocrine differentiation of breast cancer cells rather than from endocrine primitive cells.



Clinical Aspects

Considering the low frequency of BNEN, there is limited knowledge on their specific clinical presentation. There are neither specific clinical signs for this tumor nor differences in the clinical features of primary BNEN compared to other types of breast cancer. Published case series report a slow evolution of these tumors, having as the most frequent reason for consultation being an isolated breast nodule, which is sometimes associated with other local signs (painful axillary adenopathy, bloody nipple discharge, nipple retraction). Clinical presentation with symptoms due to metastatic diffusion (jaundice, hematuria, bone pain, respiratory symptoms, and neuralgia) has also been reported. Less frequently clinical presentations are isolated bloody nipple discharge, isolated skin retraction, anorexia, ulcerated breast masses, carcinomatous mastitis, and Paget like mass (28). In addition, a malignant lesion revealed by routine mammography, performed for family history of breast cancer, has been reported (17). Although extremely rare, a peculiarity of BNEN can be the occurrence of clinical manifestations from ectopic hormonal secretion. Sporadically, case reports of paraneoplastic syndrome with the ectopic production of adrenocorticotropic hormone (29), norepinephrine (30) and calcitonin (31) have been reported.



Radiology

As well as the clinical features, also the radiological characteristics are unspecific with radiological reports substantially similar to the other malignant breast lesions. Only single case reports (32–35) or small series (11, 17, 36) of BNENhave been reported with their imaging characteristics. Mammographic and ultrasonographic findings of reported BNEN are summarized in Table 1. The most common mammographic appearance is a hyperdense, irregularly shaped solitary mass. Margins are more commonly reported as indistinct, microlobulated, or spiculated. In most casescalcifications are absent. Ultrasound evaluation usually shows an irregular or microlobulated hypoechoic lesion, with homogeneous echo texture and no acoustic phenomena. However, posterior acoustic enhancement and, even more rarely, the phenomenon of acoustic shadowing have been reported.


Table 1 | Mammographic (panel a) and ultrasonographic (panel b) findings in neuroendocrine neoplasms of the breast (BNEN).





Pathology

In the last WHO edition NENs of the breast are classified in neuroendocrine tumors (NETs) and neuroendocrine carcinomas (NECs) (6).

Mammary NETs grossly show clear or infiltrative border, and usually are larger than breast carcinoma of special (ST) or no special type (NST). Histologically, they are composed of large or small nests together with trabeculae, associated with numerous small fine vessels and a variably collagenized stroma, like well differentiated NETs of other organs. Those neoplasms with copious mucous production may also have tumor nests floating in large mucinous pools. Tumor cells range from oval to polygonal or plasmacytoid shape, or also spindled. However, they lack typical nuclear features of NETs, such as salt and pepper chromatin and even monotonous round or oval nuclei, more often displaying irregular appearance or the presence of nucleoli (37).

Diagnosis requires immunohistochemistry (IHC) confirmation by tumor expression of neuroendocrine markers. The most widely used are chromogranin A and synaptophysin. Moreover, the insulinoma associated protein 1 (INSM1) has been shown to have a high sensitivity for NENs arising from different organs, and proposed as an additional valuable marker for BNEN (38, 39).

Breast NENs express hormone receptors (estrogen and progesterone receptors) more often than other breast carcinomas (40). On molecular subtyping, they usually belong to either luminal A or luminal B HER2 negative breast cancer (41–43). Breast NETs are graded in the same manner of breast invasive carcinoma of NST. Differential diagnosis can occur with other primitive mammary tumors that share expression of neuroendocrine markers: solid papillary tumor and mucinous carcinoma. Yet these tumors differ consistently from NETs on morphological grounds to be well separated (44).

Metastases to the breast from NENs of other organs can be distinguished through IHC: Cheratin 7, estrogen (ER) and progesterone receptors (PgR), GATA3 and Gross cystic disease fluid protein 15 (GCDFP15) are quite typical for breast NETs. Moreover, GCDFP15 often shows associated ductal carcinoma in situ, which lack in metastases (45).

Mammary NECs are of the small cell type and morphologically indistinguishable from NECs of other organs. Indeed they show small tumor cells densely packed with basophilic nuclei, scarce cytoplasm, and abundant necrosis. IHC will reveal at least focal positivity for one NE marker. They can express ER, PgR, GATA3, and GCDFP15 (46).

Despite NEC is a very rare neoplasm, its definition and features are clear enough and did never change in the last years. Conversely, NET definition has continuously changed in the last WHO classifications and some controversial issues on its nature still persist (47).

Current WHO classification considers breast NET as the extreme spectrum of mixed neuroendocrine non-neuroendocrine breast neoplasms (MiNeN), in which the non-neuroendocrine component is less than 10%. All mammary tumors in which the neuroendocrine component is between 10% and 90% are breast carcinomas of ST or NST and the neuroendocrine part is only worth mentioning.



Prognosis

As far as the prognosis of BNEN is concerned, conflicting results have been reported, probably due to the low prevalence of this disease.

In a retrospective study, Lai et al. showed that in a sample of 224 patients with NENs, breast carcinomas expressing high levels of neuroendocrine markers and cytomorphologic features were characterized by a better prognosis. On the other side, a low level of expression of neuroendocrine markers was correlated with more aggressive clinical parameters, such as higher histological grade and pathological T and N stages. These results are suggestive of a better prognosis of invasive breast cancer with neuroendocrine features compared to their non-neuroendocrine counterparts (48). These data were confirmed in a prospective observational study performed on a cohort of 35 patients with BNEN reporting a lower recurrence rate in breast cancers with an expression of neuroendocrine markers >50% compared to those with focal expression (49). These findings provide a stratification based on neuroendocrine markers expression and may be helpful for detecting better treatment strategies, since all invasive breast carcinomas are currently treated according to non-endocrine tumor components guidelines. Furthermore, the study from Lai et al. provides an interesting food for thought, demonstrating a different behavior of CD56-only positive carcinomas compared to those expressing chromogranin and synaptophysin (48). In 2017, Rosen et al. demonstrated a longer overall survival (OS) and disease-free survival (DFS) in patients with BNEN treated with endocrine therapy/radiation therapy rather than chemotherapy, compared to those who did not receive treatment (45). Indeed, no real consensus has been reached on the prognosis for BNEN.



Therapy

There are no specific guidelines for the treatment of BNEN and the available data mainly descend from anecdotal and case reports. A standardized therapeutic scheme is extremely difficult to define since these are particularly rare and heterogeneous tumors. Currently most of the adopted strategies involve staging and treating BNEN similarly to conventional breast cancer (50), although it is recommended to consider their neuroendocrine origin, especially in the management of well-differentiated tumors (see Table 2).


Table 2 | Overview of therapeutic approaches for neuroendocrine neoplasms of the breast (BNEN).



The treatment of BNEN is primarily surgical, with partial or total mastectomy in relation to staging and tumor localization (51–54), possibly associated with axillary dissection and/or metastasectomy. Surgery isoften followed by adjuvant radiotherapy, especially for well and moderately differentiated BNEN (25).

Neoadjuvant or adjuvant chemotherapy is widely used in patients with high risk of recurrence or with metastatic or locally invasive disease (25). In clinical practice, well-differentiated BNEN and invasive breast carcinoma with neuroendocrine differentiation (IBC-NED) are usually treated with protocols commonly adopted for conventional breast cancer (eg, epirubicin and cyclophosphamide) and PD-NEC as for small cell lung cancer (eg, carboplatin and etoposide) (17, 52, 55–59, 61). Escape is frequent after a few months, but the neuroendocrine component can be controlled by anthracycline-based therapy (35).

However, a complete response, with a disease free period of thirty-six months after chemotherapy, was recently observed in one patient treated with six FEC 100 (5-fluorouracil, epirubicin, and cyclophosphamide) cycles followed by docetaxel (60). Another rare case of HER-2 positive NECB was treated with trastuzumab with a reported disease free period of 9 years (62).

Treatment with somatostatin analogues (SSAs) has not shown promising results as yet: this is probablyrelated to a non-negligible percentage of BNEN negative for somatostatin receptors (SSR), as well as to theconservative dosages mainly used and to the often advanced disease (64).

The use of peptide receptor radionuclide therapy (PRRT) is currently limited to the treatment of BNEN with somatostatin-receptor (SSR) positivity documented on imaging, after failure of conventional chemotherapy, or even as first-line treatment for advanced disease (65).

Anti-hormonal therapy (eg, aromatase-inhibitors), although not codified, has proven to be effective as adjuvant therapy in some cases of hormonal receptor positive BNEN (12, 35, 63).

Although other agents, such as mTOR inhibitors, are effective for the therapy of different types of NENs, and are also approved, in combination with aromatase-inhibitors, for the treatment of hormone receptor positive advanced breast cancer, currently the use of everolimus has only been hypothesized for BNEN.

Furthermore, Trevisi et al. have quite recently suggested the possibility of target therapy in BNEN, having been reported in a significant percentage of these tumors a mutation of PIK3CA, with alpelisib, as well as target therapy with sacituzumab govitecan targeting TROP-2 protein expressed in a small proportion of BNEN (66).



Open Issues and Conclusions

Albeit BNEN were firstly described more than 40 years ago, and have been categorized more and more precisely thereafter, its rarity, together with still persisting diagnostic uncertainties, hampers drawing a precise clinical and prognostic picture. Furthermore, the lack of randomized controlled trials performed to compare different treatment strategies and their outcomes makes small case series the best available evidence on this issue, at present (67). Below, some of the main open issues relating to this entity are discussed.

Histogenesis—First of all, the same histogenesis of primary BNEN is still uncertain. Nowadays, according to the predominant assumption, they are thought to arise from metaplastic differentiation of a neoplastic epithelial progenitor cell during early carcinogenesis, rather than from a pre-existing neuroendocrine stem cell (53).

Standardization in neuroendocrine markers use—Neuroendocrine specific markers are not uniformly and/or routinely applied on every breast cancer sample examined. Only in the event that the pathologist suspects the presence of this type of tumor on histopathological analysis, the sample is subsequently evaluated for the expression of neuroendocrine markers.

Even if this was the case, the lack of consensus on the degree of neuroendocrine differentiation required for the diagnosis limited the uniformity of the diagnostic process, so far. Indeed, all BNEN are combined tumors composed of a heterogeneous mixture of exocrine and endocrine cells. Until 2003, a breast cancer could be classified as a primary neuroendocrine tumor when expressing chromogranin A, chromogranin B, or synaptophysin in more than 50% of the total cell population. Later, differently from the previous WHO classification, diagnosis could be done regardless of a cut-off value of tumor cells positively staining for neuroendocrine markers. Therefore, distinguishing a primary BNEN from a tumor with only partial neuroendocrine differentiation largely depends on the pathologist’s judgement, lacking objective criteria to make diagnosis in case of uncertainties (43, 45, 68).

Diagnostic criteria—Consequently, the continuously evolving diagnostic criteria favored the lack of a uniform definition applied by different centers, affecting adequate comparisons and explaining the highly variable prevalence depicted by various case series (68).

Altogether, it is therefore very likely that these tumors are often under-diagnosed/under-reported, in routine pathological practice.

Prognostic and clinical implications—Moreover, the clinical and prognostic relevance of neuroendocrine differentiation of breast tumors is still questionable. Conflicting results have been reported on OS and DFS for BNEN vs other types of breast cancer. However, to the best of ourknowledge, none of the already published studies had analyzed primary BNEN based on their distinct histologic or molecular subtypes, rather considering these tumors as a single entity.

Actually, no therapeutic implications apply to the diagnosis of BNEN, and no standardized protocols for treatment of primary BNEN are available. Well-differentiated neuroendocrine breast tumors and invasive breast carcinomas with neuroendocrine differentiations are typically managed with cytotoxic chemotherapy after surgery, similar to more classical types of breast cancer, and poorly-differentiated neuroendocrine breast carcinomas with similar protocols as for small cell lung cancer, whereas hormonal therapy is used according on receptor status.

Relevance of somatostatin-receptor expression—Lastly, anecdotal experience concerning the relevance of SSR expression of BNEN for diagnostic (eg, Octreoscan and 68-Ga-DOTATATE PET) and therapeutic (PRRT) purposes represents another main criticism. Presently, PRRT has been recommended for SSR-positive tumors after failure of conventional therapy, but very few reports are available.

Because of all these issues, the discussion of each individual case in an interdisciplinary group of NEN experts is worthwhile in order to provide a tailored treatment for each individual patient (17).

In conclusion, it is likely that the cases diagnosed as primary BNEN are only minimally representative of their real prevalence. Only a systematic evaluation of neuroendocrine markers on all analyzed cases of breast cancer could give a reliable evaluation of the frequency of these tumors. Cancer registries centralizing uniform data collection, together with large multicentric studies, could sharpen our knowledge in the next future.

On the other hand, larger histologic and molecular-profiling studies of this rare but often under-reported cancer, with correlation with clinical data, would be warranted to shed light on BNEN. It is also possible that, at the end of these efforts, we will come to the conclusion that neuroendocrine features poorly add (if any) to the diagnosis and management of breast cancer, but the time has come to conclusively define the clinical relevance of neuroendocrine differentiation of breast tumors.



Author Contributions

All authors have contributed equally to the conception and design of the review. MG, AF, and AC conceived the review. MG, SC, VV, NF, FC, EM, and RR reviewed published literature and drafted the article. AF and AC revised the manuscript critically. All authors contributed to the article and approved the submitted version.



Acknowledgments

This review is part of the “Neuroendocrine Tumors Innovation Knowledge and Education” project led by Prof. Annamaria Colao and Prof. Antongiulio Faggiano, which aims at increasing the knowledge on NET. We would like to acknowledge all the Collaborators of the “NIKE” project: Manuela Albertelli—Genova; Barbara Altieri—Wurzburg; Luigi Barrea—Napoli; Filomena Bottiglieri—Napoli; Federica Campolo—Roma; Roberta Centello—Roma; Alessia Cozzolino—Roma; Federica De Cicco—Napoli; Sergio Di Molfetta—Bari; Alessandra Dicitore—Milano; Andrea Dotto—Genova; Giuseppe Fanciulli—Sassari; Tiziana Feola—Roma; Diego Ferone—Genova; Francesco Ferraù—Messina; Elisa Giannetta—Roma; Federica Grillo—Genova; Erika Maria Grossrubatscher—Milano; Elia Guadagno—Napoli; Valentina Guarnotta—Palermo; Andrea M. Isidori—Roma; Andrea Lania—Milano; Andrea Lenzi—Roma; Pasqualino Malandrino—Catania; Roberto Minotta—Napoli; Roberta Modica—Napoli; Giovanna Muscogiuri—Napoli; Riccardo Pofi—Roma; Giulia Puliani—Roma; Alberto Ragni—Torino; Paola Razzore—Torino; Laura Rizza—Roma; Manila Rubino—Milano; Davide Saronni—Milano; Emilia Sbardella—Roma; Concetta Sciammarella—Verona; Francesca Sciarra—Roma; Franz Sesti—Roma; Maria Grazia Tarsitano—Roma; Mary Anna Venneri—Roma; Giovanni Vitale—Milano; Isabella Zanata—Ferrara.



References

1. Oronsky, B, Ma, PC, Morgensztern, D, and Carter, CA. Nothing But NET: A Review of Neuroendocrine Tumors and Carcinomas. Neoplasia (2017) 19(12):991–1002. doi: 10.1016/j.neo.2017.09.002

2. Collado-Mesa, F, Net, JM, Klevos, GA, and Yepes, MM. Primary neuroendocrine carcinoma of the breast: report of 2 cases and literature review. Radiol Case Rep (2017) 12(1):1–12. doi: 10.1016/j.radcr.2016.12.001

3. Tavassoli, FA, Devilee, P, International Agency for Research on, C., World Health, O., and International Academy of, P. Pathology and genetics of tumours of the breast and female genital organs [Online]. Lyon: IARC Press (2003). Available at: http://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=244421 (Accessed November 16, 2020).

4. Sapino, A, Papotti, M, Righi, L, Cassoni, P, Chiusa, L, and Bussolati, G. Clinical significance of neuroendocrine carcinoma of the breast. Ann Oncol (2001) 12 Suppl 2:S115–117. doi: 10.1093/annonc/12.suppl_2.s115

5. Bussolati, G, and Badve, S. Carcinomas with neuroendocrine features. In:  SR Lakhani, IO Ellis, SJ Schnitt, PH Tan, and MJ van der Vijver, editors. WHO Classification of Tumours of the Breast, vol. 4 . Lyon, France: IARC Press (2012). p. 62–3. World Health Organization Classification of Tumours.

6. WHO Classification of Tumours. Breast Tumours. 5th Edition. Lyon, France: IARC (2019).

7. Modlin, IM, Shapiro, MD, and Kidd, M. An analysis of rare carcinoid tumors: clarifying these clinical conundrums. World J Surg (2005) 29(1):92–101. doi: 10.1007/s00268-004-7443-z

8. Ogawa, H, Nishio, A, Satake, H, Naganawa, S, Imai, T, Sawaki, M, et al. Neuroendocrine tumor in the breast. Radiat Med (2008) 26(1):28–32. doi: 10.1007/s11604-007-0182-y

9. Wang, J, Wei, B, Albarracin, CT, Hu, J, Abraham, SC, and Wu, Y. Invasive neuroendocrine carcinoma of the breast: a population-based study from the surveillance, epidemiology and end results (SEER) database. BMC Cancer (2014) 14:147. doi: 10.1186/1471-2407-14-147

10. Marinova, L, Malinova, D, and Vicheva, S. Primary Neuroendocrine Carcinoma of the Breast: Histopathological Criteria, Prognostic Factors, and Review of the Literature. Case Rep Pathol (2016) 2016:6762085. doi: 10.1155/2016/6762085

11. Gunhan-Bilgen, I, Zekioglu, O, Ustun, EE, Memis, A, and Erhan, Y. Neuroendocrine differentiated breast carcinoma: imaging features correlated with clinical and histopathological findings. Eur Radiol (2003) 13(4):788–93. doi: 10.1007/s00330-002-1567-z

12. Lopez-Bonet, E, Alonso-Ruano, M, Barraza, G, Vazquez-Martin, A, Bernado, L, and Menendez, JA. Solid neuroendocrine breast carcinomas: incidence, clinico-pathological features and immunohistochemical profiling. Oncol Rep (2008) 20(6):1369–74.

13. Cheymol, C, Abramovici, O, Do Cao, C, Dumont, A, Robin, YM, El Hajbi, F, et al. [Neuroendocrine tumors of the breast: Myth or reality? A systematic review]. Bull Cancer (2018) 105(4):431–9. doi: 10.1016/j.bulcan.2018.01.013

14. Sapino, A, and Bussolati, G. Is detection of endocrine cells in breast adenocarcinoma of diagnostic and clinical significance? Histopathology (2002) 40(3):211–4. doi: 10.1046/j.1365-2559.2002.01327.x

15. Zhang, Y, Chen, Z, Bao, Y, Du, Z, Li, Q, Zhao, Y, et al. Invasive neuroendocrine carcinoma of the breast: a prognostic research of 107 Chinese patients. Neoplasma (2013) 60(2):215–22. doi: 10.4149/neo_2013_029

16. Li, Y, Du, F, Zhu, W, and Xu, B. Neuroendocrine carcinoma of the breast: a review of 126 cases in China. Chin J Cancer (2017) 36(1):45. doi: 10.1186/s40880-017-0211-x

17. Ozdirik, B, Kayser, A, Ullrich, A, Savic, LJ, Reiss, M, Tacke, F, et al. Primary Neuroendocrine Neoplasms of the Breast: Case Series and Literature Review. Cancers (Basel) (2020) 12(3):733. doi: 10.3390/cancers12030733

18. Sun, YS, Zhao, Z, Yang, ZN, Xu, F, Lu, HJ, Zhu, ZY, et al. Risk Factors and Preventions of Breast Cancer. Int J Biol Sci (2017) 13(11):1387–97. doi: 10.7150/ijbs.21635

19. Narod, SA. Hormone replacement therapy and the risk of breast cancer. Nat Rev Clin Oncol (2011) 8(11):669–76. doi: 10.1038/nrclinonc.2011.110

20. Washbrook, E. Risk factors and epidemiology of breast cancer. Womens Health Med (2006) 3(1):8–14. doi: 10.1383/wohm.2006.3.1.8

21. Goffin, V. Prolactin receptor targeting in breast and prostate cancers: new insights into an old challenge. Pharmacol Ther (2017) 179:111–26. doi: 10.1016/j.pharmthera.2017.05.009

22. Shemanko, CS. Prolactin receptor in breast cancer: marker for metastatic risk. J Mol Endocrinol (2016) 57:R153–65. doi: 10.1530/JME-16-0150

23. Zang, Q, and He, L. and Lv, W.Neuroendocrine carcinoma of the breast with hyperprolactinemia: report of two cases and a minireview. Int J Clin Exp Pathol (2020) 13(6):1457–62.

24. Bussolati, G, Gugliotta, P, Sapino, A, Eusebi, V, and Lloyd, RV. Chromogranin-reactive endocrine cells in argyrophilic carcinomas (“carcinoids”) and normal tissue of the breast. Am J Pathol (1985) 120(2):186–92.

25. Inno, A, Bogina, G, Turazza, M, Bortesi, L, Duranti, S, Massocco, A, et al. Neuroendocrine Carcinoma of the Breast: Current Evidence and Future Perspectives. Oncologist (2016) 21(1):28–32. doi: 10.1634/theoncologist.2015-0309

26. Miremadi, A, Pinder, SE, Lee, AH, Bell, JA, Paish, EC, Wencyk, P, et al. Neuroendocrine differentiation and prognosis in breast adenocarcinoma. Histopathology (2002) 40(3):215–22. doi: 10.1046/j.1365-2559.2002.01336.x

27. Hoang, MP, Maitra, A, Gazdar, AF, and Albores-Saavedra, J. Primary mammary small-cell carcinoma: a molecular analysis of 2 cases. Hum Pathol (2001) 32(7):753–7. doi: 10.1053/hupa.2001.25603

28. Murgo, R, Puliani, G, Marrazzo, E, Sagona, A, Barbieri, E, Gatzemeier, W, et al. Diagnosis and Clinical Management of Neuroendocrine Tumor of the Breast: Report of Six Cases and Systematic Review of Existing Literature. Annals Clin Oncol (2020) 3(1):2–14. doi: 10.31487/j.ACO.2020.01.02

29. Zheng, F, Chen, AC, Berger, D, Yeh, MW, Goldstein, JD, Wong, S, et al. Metastatic Adrenocortitropic hormone-secreting breast cancer treated with bilateral adrenalectomy. AACE Clin Case Rep (2018) 4(5):e402–6. doi: 10.4158/accr-2018-0069

30. Kaneko, H, Hojo, H, Ishikawa, S, Yamanouchi, H, Sumida, T, and Saito, R. Norepinephrine-producing tumors of bilateral breasts: a case report. Cancer (1978) 41(5):2002–7. doi: 10.1002/1097-0142(197805)41:5<2002::aid-cncr2820410547>3.0.co;2-2

31. Coombes, RC, Easty, GC, Detre, SI, Hillyard, CJ, Stevens, U, Girgis, SI, et al. Secretion of immunoreactive calcitonin by human breast carcinomas. Br Med J (5990) 1975) 4:197–9. doi: 10.1136/bmj.4.5990.197

32. Chang, ED, Kim, MK, Kim, JS, and Whang, IY. Primary neuroendocrine tumor of the breast: imaging features. Korean J Radiol (2013) 14(3):395–9. doi: 10.3348/kjr.2013.14.3.395

33. Fujimoto, Y, Yagyu, R, Murase, K, Kawajiri, H, Ohtani, H, Arimoto, Y, et al. A case of solid neuroendocrine carcinoma of the breast in a 40-year-old woman. Breast Cancer (2007) 14(2):250–3. doi: 10.2325/jbcs.889

34. Yoon, YS, Kim, SY, Lee, JH, Kim, SY, and Han, SW. Primary neuroendocrine carcinoma of the breast: radiologic and pathologic correlation. Clin Imaging (2014) 38(5):734–8. doi: 10.1016/j.clinimag.2014.05.009

35. Hejjane, L, Oualla, K, Bouchbika, Z, Bourhafour, M, Lhlou Mimi, A, Boubacar, E, et al. Primary neuroendocrine tumors of the breast: two case reports and review of the literature. J Med Case Rep (2020) 14(1):41. doi: 10.1186/s13256-020-02361-5

36. Wu, J, Yang, QX, Wu, YP, Wang, DL, Liu, XW, Cui, CY, et al. Solid neuroendocrine breast carcinoma: mammographic and sonographic features in thirteen cases. Chin J Cancer (2012) 31(11):549–56. doi: 10.5732/cjc.011.10370

37. Kelten Talu, C, Leblebici, C, Kilicaslan Ozturk, T, Hacihasanoglu, E, Baykal Koca, S, and Gucin, Z. Primary breast carcinomas with neuroendocrine features: Clinicopathological features and analysis of tumor growth patterns in 36 cases. Ann Diagn Pathol (2018) 34:122–30. doi: 10.1016/j.anndiagpath.2018.03.010

38. Kawasaki, T, and Kaira, K. Insulinoma-associated protein 1 (INSM1) expression in breast carcinomas with neuroendocrine morphologies: application and future prospective. Virchows Arch (2020). doi: 10.1007/s00428-020-02935-0

39. Razvi, H, Tsang, JY, Poon, IK, Chan, SK, Cheung, SY, Shea, KH, et al. INSM1 is a novel prognostic neuroendocrine marker for luminal B breast cancer. Pathology (2020) S0031-3025(20):30888–6. doi: 10.1016/j.pathol.2020.07.004

40. Kreipe, HH. [Neuroendocrine differentiation in breast cancer]. Pathologe (2019) 40(Suppl 3):325–30. doi: 10.1007/s00292-019-00691-w

41. Weigelt, B, Horlings, HM, Kreike, B, Hayes, MM, Hauptmann, M, Wessels, LF, et al. Refinement of breast cancer classification by molecular characterization of histological special types. J Pathol (2008) 216(2):141–50. doi: 10.1002/path.2407

42. Bogina, G, Munari, E, Brunelli, M, Bortesi, L, Marconi, M, Sommaggio, M, et al. Neuroendocrine differentiation in breast carcinoma: clinicopathological features and outcome. Histopathology (2016) 68(3):422–32. doi: 10.1111/his.12766

43. Lavigne, M, Menet, E, Tille, JC, Lae, M, Fuhrmann, L, Bonneau, C, et al. Comprehensive clinical and molecular analyses of neuroendocrine carcinomas of the breast. Mod Pathol (2018) 31(1):68–82. doi: 10.1038/modpathol.2017.107

44. Visscher, DW, and Yasir, S. Neuroendocrine Tumors of the Breast. Endocr Pathol (2017) 28(2):121–7. doi: 10.1007/s12022-017-9477-4

45. Rosen, LE, and Gattuso, P. Neuroendocrine Tumors of the Breast. Arch Pathol Lab Med (2017) 141(11):1577–81. doi: 10.5858/arpa.2016-0364-RS

46. Guadagno, E, De Rosa, G, and Del Basso De Caro, M. Neuroendocrine tumours in rare sites: differences in nomenclature and diagnostics-a rare and ubiquitous histotype. J Clin Pathol (2016) 69(7):563–74. doi: 10.1136/jclinpath-2015-203551

47. Uccella, S, Finzi, G, Sessa, F, and La Rosa, S. On the Endless Dilemma of Neuroendocrine Neoplasms of the Breast: a Journey Through Concepts and Entities. Endocr Pathol (2020) 31(4):321–9. doi: 10.1007/s12022-020-09637-y

48. Lai, BS, Tsang, JY, Poon, IK, Shao, Y, Chan, SK, Tam, FK, et al. The Clinical Significance of Neuroendocrine Features in Invasive Breast Carcinomas. Oncologist (2020) 25(9):e1318–29. doi: 10.1634/theoncologist.2020-0081

49. Rovera, F, Masciocchi, P, Coglitore, A, La Rosa, S, Dionigi, G, Marelli, M, et al. Neuroendocrine carcinomas of the breast. Int J Surg (2008) 6 Suppl 1:S113–115. doi: 10.1016/j.ijsu.2008.12.007

50. Wei, B, Ding, T, Xing, Y, Wei, W, Tian, Z, Tang, F, et al. Invasive neuroendocrine carcinoma of the breast: a distinctive subtype of aggressive mammary carcinoma. Cancer (2010) 116(19):4463–73. doi: 10.1002/cncr.25352

51. Morrow, M, and Goldstein, L. Surgery of the primary tumor in metastatic breast cancer: closing the barn door after the horse has bolted? J Clin Oncol (2006) 24(18):2694–6. doi: 10.1200/JCO.2006.05.9824

52. Yildirim, Y, Elagoz, S, Koyuncu, A, Aydin, C, and Karadayi, K. Management of neuroendocrine carcinomas of the breast: A rare entity. Oncol Lett (2011) 2(5):887–90. doi: 10.3892/ol.2011.320

53. Adams, RW, Dyson, P, and Barthelmes, L. Neuroendocrine breast tumours: breast cancer or neuroendocrine cancer presenting in the breast? Breast (2014) 23(2):120–7. doi: 10.1016/j.breast.2013.11.005

54. Yoshimura, N, Sasada, T, and Yonehara, S. Primary Large-Cell Neuroendocrine Carcinoma of the Breast Occurring in a Pre-Menopausal Woman. Breast Care (2015) 10(4):281–3. doi: 10.1159/000431070

55. Angarita, FA, Rodriguez, JL, Meek, E, Sanchez, JO, Tawil, M, and Torregrosa, L. Locally-advanced primary neuroendocrine carcinoma of the breast: case report and review of the literature. World J Surg Oncol (2013) 11:128. doi: 10.1186/1477-7819-11-128

56. Christie, M, Chin-Lenn, L, Watts, MM, Tsui, AE, and Buchanan, MR. Primary smallcell carcinoma of the breast with TTF-1 and neuroendocrinemarker expressing carcinoma in situ. Int J Clin Exp Pathol (2010) 3(6):629–33.

57. Tremelling, A, Samuel, S, and Murray, M. Primary small cell neuroendocrine carcinoma of the breast—a case report and review of theliterature. Int J Surg Case Rep (2017) 38:29–31. doi: 10.1016/j.ijscr.2017.07.002

58. Valente, I, Tringali, G, Martella, EM, Pallavera, L, and D'Aloia, C. Primary neuroendocrine carcinoma of the breast: a case report of liver and lymphnode metastases after eight years from diagnosis. Breast J (2020) 26(3):505–7. doi: 10.1111/tbj.13535

59. Menéndez, P, García, E, Rabadán, L, Pardo, R, Padilla, D, and Villarejo, P. Primary neuroendocrinebreast carcinoma. Clin Breast Cancer (2012) 12(4):300–3. doi: 10.1016/j.clbc.2012.03.001

60. Chikuie, E, Yanagawa, S, Tanji, H, Kodama, S, Takeshima, Y, and Sumimoto, K. Complete Response to Chemotherapy against the Recurrence of Neuroendocrine Carcinoma of the Breast in the Anterior Mediastinal Lymph Nodes of a Patient on Hemodialysis: A Case Report. Case Rep Oncol (2019) 12:205–10. doi: 10.1159/000497479

61. Gevorgyan, A, Bregni, G, Galli, G, Zanardi, E, de Braud, F, and Di Cosimo, S. HER2-positive neuroendocrine breast cancer: case report and review of literature. Breast Care (2016) 11:424–6. doi: 10.1159/000453572

62. Marijanović, I, Kraljević, M, Buhovac, T, and Karan Križanac, D. Rare Human Epidermal Growth Factor Receptor 2 (HER-2)-Positive Neuroendocrine Carcinoma of the Breast: A Case Report with 9-Year Follow-up. Am J Case Rep (2020) 21:e925895. doi: 10.12659/AJCR.925895

63. Richter-Ehrenstein, C, Arndt, J, Buckendahl, AC, Eucker, J, Weichert, W, Kasajima, A, et al. Solid neuroendocrine carcinomas of the breast: metastases or primary tumors? Breast Cancer Res Treat (2010) 124(2):413–7. doi: 10.1007/s10549-010-1178-3

64. Dolan, JT, Miltenburg, DM, Granchi, TS, Miller, CC, and Brunicardi, FC. Treatment of metastatic breast cancer with somatostatin analogues – a meta-analysis. Ann Surg Oncol (2001) 8(3):227–33. doi: 10.1007/s10434-001-0227-x

65. Savelli, G, Zaniboni, A, Bertagna, F, Bosio, G, Nisa, L, Rodella, C, et al. Peptide Receptor Radionuclide Therapy (PRRT) in a Patient Affected by Metastatic Breast Cancer with Neuroendocrine Differentiation. Breast Care (Basel) (2012) 7(5):408–10. doi: 10.1159/000343612

66. Trevisi, E, La Salvia, A, Daniele, L, Brizzi, MP, De Rosa, G, and Di Maio, M. Neuroendocrine breast carcinoma: a rare but challenging entity. Med Oncol (2020) 37(8):70. doi: 10.1007/s12032-020-01396-4

67. Alkaied, H, Harris, K, Azab, B, and Dai, Q. Primary neuroendocrine breast cancer, how much do we know so far? Med Oncol (2012) 29(4):2613–8. doi: 10.1007/s12032-012-0222-z

68. Asioli, S, Foschini, MP, Masetti, R, and Eusebi, V. Working formulation of neuroendocrine tumors of the skin and breast. Endocr Pathol (2014) 25(2):141–50. doi: 10.1007/s12022-014-9319-6



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.

Copyright © 2021 Gallo, Campione, Di Vito, Fortunati, Lo Calzo, Messina, Ruggeri, Faggiano and Colao. 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.


OEBPS/Images/fendo.2020.610230_cover.jpg
, frontlers
n Endocrinology

Primary Neuroendocrine
Neoplasms of the Breast: Still
Open Issues





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Primary Neuroendocrine Neoplasms of the Breast: Still Open Issues

      

        		

          Introduction

        



        		

          Epidemiology

        



        		

          Pathogenesis

        



        		

          Clinical Aspects

        



        		

          Radiology

        



        		

          Pathology

        



        		

          Prognosis

        



        		

          Therapy

        



        		

          Open Issues and Conclusions

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Panel a

Referonce Pationts  Location (1)

Gunvan-
migen. ot
. (11)

Fupmolo Y.
etal (29)
Wa .ot 3
36)

£0. ot
()

Yoon Y.
otal (34)
Hejane L.
otal (35)
Ozae< 8.
atal (17)

Panel b
Referonce

Gunvan-
Sigen. et
. (11)
Fujmoto Y.
atal (29)
W ot a.
2

Crang
£0.otal.
2
Yoon Y.S.
otal (34)
Hejano L.
otal. (35)
Oz B.
atal (17)

sories.
2]

csE  voaurua(

o

819 UOQE:LAM:
v () va ()
RETRO 2]

R uoQ.RERO

wa

cR@  va(ELOM):
Ront )

S UOQE;LOGH:
vagLam

Pationts serios (nr)

cse

o

cs 9

o

o

crE)

cs6)

Parenchymal pattem (nr)  Mass category (o)

atty (1) neterogenacus
donsiy ()

na

scatterod o gandular
ensiy (7 Fatty 21
heterogensous densty (1)

high density

high density
heterogensous (2)

igh density (1)

Margins )

circumsaibed (1
microobuated (2):
equiar 2)
ndistnct

indistnt (4, ckcumsarbed
) merocbuated (1)

obuated

neguiar
imaguiar (1)
ot reported

soitary (@) Custerod
‘saealnodes (1)

‘soitary 5 focal
asymmety (12);
stored soveral
nodes (1)
soltary

soltary
soltary @)

soltary (1) Gustered
‘Sovealnoces (1)

Shape (o)

reguiar 25 ound ©)

reguiar

oo
round-ovod 2)

meguier

roud
ot reported

notreported

Margin (ar) ‘Shape ()
ndistinct (1) ineguis (1;round
spicuated (2) @
microlobuated (1);

obuated (1)

n d

ndisict ;. noguia (o)
microouted 0)  round-ovid ()
indtinct inagur
nditoct rond
iegur 2) ineguir 2)
spicuated (1) noguiar (1)
indstinct (1) round-onid 1)

Echogenicity () Echo texturo
o)

yposchoi () homogencous (4

hetercgensous (1)
hyposchic: homogancous.
hyposchoic (O homageneous ()

hetercgeneous ()
yposchoic heterogencous
Iyposchic: homogancous.
yposchoic 2) homogenous 2)
ot reported ot repored

Galcification ()

absent (5)

n
afow, punctuat (1)

sottary,punciuate.
) absent ()

Phenomena ()

none (4
enancement (1)

nono 6,
ennancement 2
shadowing (1)
ennancement
entancemant

ono @)

ot reported

v, pmbor o cases: e, o otoctad R, Caso Popart G, Caso Sors; RETRO, o ook araa: UOG, Uppor vt queckant: IO ower o quadiant U0, uppor inerquodiant
U xioer conchene S Ier GRS LOT Do Do auadans





OEBPS/Images/table2.jpg
Treatment

Surgery

Radioherapy
Chemotherapy

Endocrine.
therapy

Breast-conserving surgeny/Mastectomy
+/- Alary hymph node dissecton

+- Metastasectomy.

Adjaent Radiotherapy
Doxonubicin/Cyclophosphamide
Carbopitin/Etoposide.
CisplativEtoposide
FluorouraciEpiubicin/Cyciophosphamide +/-
Docetarel

Pacitaxel +/- Trastuzumab

Tamoxien +/- Aromatase ibitors

Somatostatin Analogues (SSAS)
Pepiide Receptor Radionucide Therapy (PRRT)

References

@.51-64)

(25,59
17,34,35)
(65-57)
2)
(58-60)
©1.62)

(12, 16,35,
63
(&)
(©5)






