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Abstract

Background.—Primary breast neuroendocrine tumors (BNETS) represent < 1% of breast
cancers. Diagnosing BNETS can be challenging, and a limited amount of cohort data currently
exists in literature. We aimed to describe primary BNET characteristics, treatment modalities, and
survival outcomes through the National Cancer Database (NCDB).

Methods.—A retrospective cohort analysis was performed using the NCDB from 2004 to 2017.
BNET cases were compared with patients with invasive ductal carcinoma (IDC). A matched IDC
cohort was created by matching patient age, race, and disease stage. Kaplan—Meier analysis was
performed, and hazard ratios (HR) were calculated through the bootstrap sampling method.

Results.—A total of 1389 BNET and 1,967,401 IDC cases were identified. When compared
with IDC patients, BNET patients were older, had more comorbidities, and were more often male
(p<0.01). BNETSs were larger, higher grade, and more frequently hormone receptor negative
(p<0.01). While BNET patients were treated with surgery and radiotherapy (v < 0.01) less

often compared with IDC patients, they presented at later disease stage (p < 0.001) and received
systemic treatment more frequently (53.5% vs. 40%, p < 0.01). Patients with BNET had increased
mortality compared with the matched IDC cohort: stage 1 HR 1.8, stage 2 HR 2.0, stage 3 HR 1.8,
and stage 4 HR 1.5 (p < 0.001 for all).

Conclusion.—Patients with BNET tend to present at higher clinical stages, are more frequently
hormone receptor negative, and have inferior overall survival compared with patients with IDC.
Further treatment strategies and studies are needed to elucidate optimal therapies to maximize
patient outcomes.

C. S. Cortina, MD, MS, FSSO, FACS, ccortina@mcw.edu.
DI SCL OSURES The authors have no disclosures to report.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Martinez et al. Page 2

Neuroendocrine tumors (NETS) account for approximately 2% of solid organ malignancies
diagnosed in the USA.1 NETs commonly have pulmonary or gastrointestinal origin, and
there has been a sixfold increase in their incidence from 1973 to 2012.2 While survival
rates for more common NET histologies are poor overall, there has been improvement
over time.23 However, for less common histologies, such as primary breast neuroendocrine
tumors (BNETS), prognosis data have shown mixed results, likely secondary to the limited
number of reported cases and available data.2# While the majority (80%) of breast

cancers are of ductal origin,>® BNETS represent < 1% of all breast cancer subtypes

and clinically present similarly to other histological breast cancer subtypes.*” Biomarkers
such as chromogranin and synaptophysin can assist in distinguishing BNETs from other
breast cancer subtypes; however, diagnosing a BNET can be challenging given the
immunohistochemical similarities to other breast pathologies such as mucinous and solid
papillary carcinoma.8

There is a paucity of large cohort data on BNETSs given that the majority of the published
literature are case studies and small cohorts.®10 Current primary treatment is surgical
resection, but no clinical trials exist to establish optimal adjuvant therapy options, owing
to its rarity.#:910 Utilizing a large national dataset, we aimed to describe the clinical
characteristics of BNETS, report overall survival (OS) rates by disease stage, and compare
survival with a matched cohort of patients with invasive ductal carcinoma (IDC).

METHODS

A retrospective cohort analysis was performed using the American College of Surgeon’s
National Cancer Database (NCDB) from the years 2004-2017. As these data are
deidentified, this study was deemed exempt by our institution’s Institutional Review
Board for human subject research. BNET cases were identified by breast International
Classification of Disease (ICD) histology codes for small cell carcinoma (8041),
carcinoma with neuroendocrine differentiation/features (8574/3), and well-differentiated
neuroendocrine carcinoma (8246/3). Cases without invasive disease were excluded. A
comparative matched IDC cohort was then created by matching BNET patients to a
contemporary cohort of IDC patients by race, age, and disease stage (utilizing the AJCC
7th staging edition). Comparative statistics for the BNET and IDC cohorts were performed
through #tests and chi-squared tests. Kaplan—Meier analysis was performed to assess and
compare survival of BNETs with the matched IDC cohort for each disease stage. Hazard
ratios (HR) were calculated with 95% confidence intervals (CI) through the bootstrap
sampling method. All analyses were performed using R version 4.0.5, and a p-value of
0.05 was predetermined as significant.

RESULTS

A total of 1389 BNET and 1,967,401 IDC cases were identified from the NCDB. Patients
with BNETS were primarily = 50 years of age (82.9%), female (97.9%), and non-Hispanic
white (78%) (Table 1). The majority of both IDC and BNET cases were diagnosed in the
Southern (34%) and Midwestern (24%) USA, and approximately 85% of cases were from
metropolitan areas. BNETs were more frequently diagnosed in academic centers compared
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with IDC (33.0% vs. 28.0%, p < 0.001) and were more frequently seen in uninsured
individuals (2.8% vs. 2.0%, p < 0.001).

When compared with IDC patients, patients with BNET had a higher Charlson-Deyo
comorbidity index, defined as a score of > 2 (5.4% vs. 3.4%, p < 0.001), and they were

seen in males more frequently (2.1% vs. 1.0%, p< 0.01). BNET patients were diagnosed at
more advance stage, had higher tumor grade and larger tumor size, and had a greater percent
of nodal involvement compared with those with IDC (p < 0.001). BNETSs were more likely
to be to be ER negative (32% vs. 20%, p < 0.001) and PR negative (37% vs. 29%, p < 0.001)
compared with IDCs. HER2 status was only available for 60.8% of the BNET cohort, and
among those with available data, BNETs were more likely to be HER2 negative compared
with IDC cases (58.7% vs. 45.6%, p < 0.001).

Treatment and management in BNET patients differed from those of IDC patients. Surgical
resection was omitted more frequently for BNET patients than IDC patients, being used

in 24% of BNET patients compared with only 6.9% of IDC patients (p < 0.001).
Lumpectomies were performed in only 40.0% of BNET cases versus 55.1% of IDC patients
(0 <0.001), mastectomies were performed in 34.7% of BNET patients versus 37.6% of
IDC patients (p < 0.001), and postmastectomy breast reconstruction was more common

in patients with IDC (6.3% vs. 11.4%, p < 0.001). While patients with BNETS received
radiation therapy (45.7% vs. 53.1%, p < 0.01) and immunotherapy (1.9% vs. 5.2%, p <
0.001) less often, systemic chemotherapy was used more frequently (53.6% vs. 40%, p<
0.01) compared with patients with IDC.

Survival data were available for 1141 BNET patients and were compared with an IDC
cohort that was matched by patient age, race, and disease stage during the same time
interval. Five-year overall survival (OS) rates for BNETs were 80% for stage 1, 63% for
stage 2, 45% for stage 3, and 13% for stage 4 (Table 2). Patients with BNETs demonstrated
lower OS for all disease stages when compared with the matched IDC cohort (Fig. 1, p

< 0.001). Compared with IDC patients, mortality risk was higher for BNET patients for

all disease stages: stage 1 HR 1.8 (95% CI 1.5-2.3, p< 0.001), stage 2 HR 2.0 (95% ClI
1.6-2.5, p<0.001), stage 3 HR 1.8 (95% CI 1.3-2.3, p< 0.001), and stage 4 HR 1.5 (95%
Cl 1.3-1.8, p<0.001).

DISCUSSION

BNETSs are rare and represent < 1% of breast cancer subtypes. Using the NCDB, we
analyzed the largest BNET cohort to date and found that BNETS tend to be higher grade
and more frequently hormone receptor negative, and present at more advanced disease stage,
than IDC. While tumor biology and treatment methods varied between the BNET cohort
and the matched IDC cohort, it appears that patients with BNETSs have higher likelihood of
mortality, and further data are needed to elucidate optimal oncologic treatment strategies for
this rare subtype of breast cancer.

NETS have unique histologic characteristics that distinguish them from nonneuroendocrine
cancers. However, there are no specific biomarkers to specifically differentiate BNETS from
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other NETs, making diagnosis more challenging. Based on multiple case report analyses,
chromogranin and synaptophysin are the most consistent neuroendocrine biomarkers that
may support diagnosis of BNET, although these may also be present in NETs from other
primary organ sites and can also be seen in other breast cancer subtypes.10-16 Other
biomarkers that can support neuroendocrine differentiation include keratin 5/6, enolase,
and thyroid transcription factor-1.17 However, the data on neuroendocrine biomarkers

for BNETS are heterogeneous, and there is no one specific marker for BNETS or

other NETSs. Thus, diagnosis must be made with careful correlation of clinical context,
morphology, and biomarker profile.18:19 In addition to neuroendocrine markers, the World
Health Organization, European Neuroendocrine Tumor Society, and North American
Neuroendocrine Tumor Society have established recommendations to use Ki-67 percentage
as a NET tumor grading biomarker: grade 1 (< 2%), grade 2 (3-20%), or grade 3 (> 20%),
which have been found to correlate with disease prognosis.’-29-22 While we continue to

see literature supporting the use of neuroendocrine biomarkers in breast tumors to diagnose
BNETSs, only recently has there been effort to establish standardized diagnostic criteria for
NETSs across organ sites and develop best practice guidelines. Additionally, data on the
neuroendocrine biomarkers described above are still evolving (Fig. 2).21 As the field of
genetics advances, there is emerging research on epigenetic markers and micro-RNAs that
may aid in precisely diagnosing BNETS and differentiating them from other types of NETs
in the near future.23

Previous case reports and smaller cohort analyses have revealed some findings similar

to those presented here. Using the Surveillance, Epidemiology, and End Results (SEER)
database, Wang and colleagues assessed 143 BNET cases in 2014 and also found that
BNETSs were diagnosed at higher stage and with greater tumor size compared with patients
with IDC or lobular carcinoma.10 Angarita et al. reviewed 80 cases of BNETs published

in literature and also found that surgical intervention is performed less frequently and may
be secondary to advanced disease stage.1? While the majority of cases in our cohort were
hormone receptor negative, previous analyses and reviews have reported BNET cases to be
hormone receptor positive.10-12 Given the size of our cohort compared with previous series,
it appears that the majority of BNETS are, in fact, hormone receptor negative.

Our analysis found BNETSs to be seen more frequently in uninsured patients when compared
with patients with IDC. Lack of health insurance is a known contributor to lower rates

of breast cancer screening, which results in higherstage disease at time of diagnosis and

also can contribute to delays in cancer treatment.24:25 The challenges in diagnosing BNETs
combined with lower rates of screening and delays in treatment among the uninsured
population contribute to higher incidence of BNETs compared with IDC. Additionally,
similar to the SEER analysis by Wang and colleagues, our analysis found that BNETs have a
higher predilection for male patients compared with IDC.10 This perhaps may be secondary
to the potential protective effects of estrogen seen in females given that estrogen exposure
appears to be protective against the development of general neuroendocrine tumors.26:27

Significant treatment differences were seen between the BNET and IDC cohorts. Given that
17.9% of BNET patients were diagnosed with stage 4 disease, compared with only 3.7%
of IDC patients, it is expected that patients with BNETSs received surgery and radiation
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therapy less frequently than IDC patients, given that the clinical benefit of local therapy

for stage 4 breast cancer is unclear.28-30 Additionally, because BNET patients were more
likely to have hormone receptor negative tumors and stage 4 disease, these factors may
explain why BNET patients received systemic chemotherapy more frequently than their
matched IDC counterparts. While a slightly smaller percentage of BNET patients underwent
mastectomy than those with IDC, postmastectomy radiation therapy was much lower in
BNET patients; however, the addition of postmastectomy radiation therapy for patients

with hormone receptor negative disease has not been shown to definitively decrease local
recurrence or influence survival.31

Even when creating an IDC patient cohort matched by race, age, and stage, patients with
BNETSs had a statistically significantly increased risk of mortality for all disease stages.
This finding is possibly secondary to tumor biology as BNET tumors were more frequently
hormone receptor negative, HER2 negative (for available cases), and had higher tumor
grade. Wang et al. hypothesized that estrogen receptor status in BNETs does not provide

a prognostic benefit given the high incidence of hormone receptor positivity treated with
systemic agents, yet continued lower survival rates.19 If so, BNETs may be more resistant
to current endocrine therapy options than IDCs, and this is a space for future research.
Recent reports have found that, in patients with triple-negative breast cancer, socioeconomic
variables can have a profound influence on clinical treatment and outcomes, and while we
found no difference in race between the BNET and IDC patients and only a small percentage
of patients in both cohorts did not have insurance, there may be other external factors that
may have influenced survival and were not captured by this analysis.32:33

Limitations to this study include those that are intrinsic to the NCDB such as general coding
errors, including those that may misdiagnose patients who should have been classified into
the three ICD histology codes that were used for this analysis. Prior to 2009, the NCDB

did not obtain data on HER2 status, and thus patients could only be sufficiently analyzed

in the setting of their hormone receptor status only, rather than as HER2 positive or triple
negative, and this may have masked biological differences between the two cohorts. The
NCDB does not provide disease-specific survival data, which is of particular importance
when comparing mortality for rare cancer subtypes. Moreover, given the low number of
male patients in the BNET group, we were unable to sufficiently assess whether a survival
difference exists between males and females with BNETS given that they appear to exist for
more common breast cancer subyptes.3* Nevertheless, this series presents the largest cohort
of BNET patients to date and provides valuable insight into this rare entity.

CONCLUSIONS

In this analysis of patients with BNETs in the NCDB, we found that patients with BNETS
were diagnosed at later stages, had less favorable tumor characteristics, and had lower

OS by stage compared with IDC patients. Pathological diagnosis remains a challenge, and
developing diagnostic methods show promise. Clinicians and patients should be aware of
lower OS rates with BNETS as this may aid in guiding multidisciplinary oncologic treatment
decisions. Future study is needed to elucidate optimal treatment strategies for this rare and
aggressive breast cancer subtype.
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FIG. 2.
A, B Neuroendocrine carcinoma is the most recent classification for high-grade

neuroendocrine neoplasms of the breast (per WHO 5th edition criteria) and is characterized
by infiltrative nests of closely packed hyperchromatic cells with high nuclear-to-cytoplasmic
ratio (A) (H&E, 40x) that are diffusely positive for neuroendocrine markers such as
chromogranin A in this example (B) (IHC, 40x). C, D Encapsulated papillary carcinoma,
characterized by an encapsulated tumor, papillary fronds with fibrovascular cores, and
proliferation of low-grade neoplastic epithelium (C) (H&E, 40x), can, among other breast
neoplasms, express neuroendocrine markers such synaptophysin, which is patchy positive in
this example (IHC, 40x)
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TABLE 2

Page 14

Five-year overall survival (OS) rates of patients with BNET tumors separated by disease stage along with
hazard ratios (HR) and 95% confidence intervals (CI)

Diseasestage 5-Year 0S(%) HR (95% ClI)
Stage 1 80 1.8 (1.5-2.3)
Stage 2 63 2.0 (1.6-2.5)
Stage 3 45 1.8 (1.3-2.3)
Stage 4 13 15 (1.3-1.8)
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