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Abstract Although rare, neuroendocrine carcinoma of

the breast (NECB) is becoming an increasingly recognized

entity. The current literature is limited to case reports and

small series and therefore a comprehensive population-

based analysis was conducted to investigate the clinico-

pathologic features and long-term outcomes associated

with NECB. We included all patients in the SEER Data-

base from 2003 to 2010 with a diagnosis of NECB. The

2012 WHO classification system was used to categorize

patients based on histopathologic diagnosis: well-differ-

entiated neuroendocrine tumors, small/oat cell or poorly

differentiated neuroendocrine tumors, adenocarcinoma

with neuroendocrine features (ANF), large cell neuroen-

docrine and carcinoid tumors. Survival analysis was per-

formed for disease specific (DSS) and overall (OS)

survival. Of the 284 cases identified, 52.1 % were classi-

fied as well-differentiated, 25.7 % small cell, 14.8 % ANF,

4.9 % large cell, and 2.5 % carcinoid. In general, patients

presented with advanced disease: 36.2 % had positive

lymph node metastases and 20.4 % presented with sys-

temic metastases. Five-year DSS rates for stage I–IV

NECB were 88.1, 67.8, 60.5, and 12.4 %, respectively,

while five-year OS rates were 77.9, 57.3, 52.9, and 8.9 %,

respectively. DSS and OS were significantly different for

well-differentiated neuroendocrine tumors and ANFs

compared to small cell and carcinoid tumors. On univariate

Cox proportional hazards regression, small cell carcinoma

was significantly associated with worse DSS (OR 1.97,

95 % CI 1.05–3.67) and OS (OR 2.66, 95 % CI 1.49–4.72)

compared to other neuroendocrine tumors. NECB is asso-

ciated with advanced stage disease at presentation and an

unfavorable prognosis for stage II–IV disease and small

cell, large cell, and carcinoid histologic subtypes.
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Introduction

Neuroendocrine carcinoma of the breast (NECB) is a rare

form of breast cancer accounting for less than 0.5 % of all

cases [1, 2]. While the majority of neuroendocrine tumors

arise from neuroendocrine cells in the bronchopulmonary

system, gastrointestinal tract, and pancreas, NECB is

thought to arise from the divergent differentiation of neo-

plastic epithelial cells during breast carcinogenesis, rather

than preexisting neuroendocrine stem cells. This theory is

supported by studies demonstrating that most NECBs have

a similar histologic appearance to normal-type breast car-

cinoma, undifferentiated breast cancer cells are capable of

expressing neuroendocrine markers, and the fact that

benign neuroendocrine tumors have never been reported in

the breast [3–7]. The World Health Organization (WHO)

classifies NECB into three subtypes: well-differentiated

neuroendocrine tumors, poorly differentiated neuroendo-

crine carcinoma or small cell carcinoma, and invasive

breast carcinoma with neuroendocrine differentiation [8].
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Implicit in the definition of a neuroendocrine carcinoma of

the breast, is the presence of neuroendocrine markers in

more than 50 % of cells [9].

Because of its rarity, the current understanding of NECB

is limited to case reports and small case series. Previous

reports emphasized the aggressive nature and poor prog-

nosis of NECB. However, these studies focused primarily

on poorly differentiated NECB [4, 10, 11]. More recently, a

systematic review of the literature identified only 108

reported cases of NECB but lacked information on neu-

roendocrine classification [12]. A population-based ana-

lysis of NECB with long-term outcomes is lacking. The

purpose of this study, therefore, was to utilize the sur-

veillance, epidemiology, and end results (SEER) database

to study a large cohort of NECB, specifically focusing on

the histopathological subtypes and prognosis.

Methods

The SEER database was used to identify all patients with a

primary NECB. Since the WHO first defined NECB in

2003, only cases from 2003 to 2010 were included. The

2012 WHO classification system was utilized for catego-

rizing and abstracting NECB cases based on the following

histopathology: well-differentiated neuroendocrine tumor

(SEER code 8246, Fig. 1), poorly differentiated or small/

oat cell neuroendocrine tumor (8041–8045), and adeno-

carcinoma with neuroendocrine features (ANF, 8574).

Although not currently listed in the WHO classification

system for NECB, also included were carcinoid (8240) and

large cell neuroendocrine (8013) tumors.

Descriptive statistics were calculated for demographic

(age, gender, race), clinicopathologic (histological subtype,

grade, TNM stage, estrogen (ER), and progesterone (PR)

receptor status), and treatment (surgery of primary, lymph

node surgery, radiation) characteristics. Survival analysis

was performed for both disease specific (DSS) and overall

(OS) survival using the Kaplan–Meier method. Statistical

significance was assessed using the Mantel–Cox log-rank

test. Data were unadjusted for demographic, tumor-related,

or treatment variables. Figures were created using Graph-

pad Prism 6.0 (Graphpad Software, Inc; La Jolla, CA).

Univariate and multivariate Cox proportional hazards

models were then created to evaluate factors associated

with DSS and OS. Independent variables included in the

models were age, race, gender, histological subtype, grade,

ER/PR status, T, N and M stages, surgery type, receipt of

radiation, and whether lymph node sampling was per-

formed. Results are reported as Odds ratio (OR) with 95 %

Fig. 1 An example of a well-differentiated neuroendocrine tumor of

the breast. a H&E stain (9100) demonstrates the solid to trabecular

growth pattern often seen with neuroendocrine differentiation. b The

nuclear features of neuroendocrine differentiation are apparent at

higher power (9200) with granular, speckled chromatin. c Diffuse

staining with synaptophysin. and d chromogranin antibodies is

present and characteristic (9100)
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confidence intervals (CI). Statistics were performed via

STATA-MP 11.2 (StataCorp LP; College Station, TX).

Results

Between 2003 and 2010, 284 cases of NECB were recor-

ded in the SEER database: 148 (52.1 %) as well-differen-

tiated neuroendocrine carcinoma, 73 (25.7 %) small cell

carcinomas, 42 (14.8 %) with ANF, 14 (4.9 %) large cell

neuroendocrine carcinomas, and 7 (2.5 %) carcinoid

tumors. Cohort characteristics are listed in Table 1. As

expected, most patients were female (96.8 %) and white

(81.7 %) while there was a balanced age distribution. A

high percentage of tumors (37.3 %) were graded as poorly

differentiated though many still expressed ER (46.5 %) and

PR (35.6 %) receptors. Many patients had advanced stage

disease: 36.2 % presenting with regional lymph node

metastases and 20.4 % with systemic metastases. Overall

cancer stage was similar across all histologic subtypes,

except stage 1 disease predominated in well-differentiated

and ANF subtypes (Table 2). Primary surgery was mas-

tectomy in 35.2 % and lumpectomy in 36.6 %, while

27.8 % did not undergo surgery. The latter is congruent

Table 1 Demographic, clinicopathologic, and treatment characteris-

tics for all patients with neuroendocrine carcinoma of the breast

Characteristic N (%)

Age

\50 52 (18.3)

50–59 59 (20.8)

60–69 70 (24.6)

70–79 54 (19.0)

C80 49 (17.3)

Gender

Male 9 (3.2)

Female 275 (96.8)

Race

White 232 (81.7)

Black 40 (14.1)

Other 11 (3.9)

Unknown 1 (0.4)

Histology

Well-differentiated neuroendocrine 148 (52.1)

Small cell 73 (25.7)

Adenocarcinoma with neuroendocrine features 42 (14.8)

Large cell 14 (4.9)

Carcinoid 7 (2.5)

Grade

Well-differentiated 28 (9.9)

Moderately-differentiated 56 (19.7)

Poorly differentiated 106 (37.3)

Undifferentiated 21 (7.4)

Unknown 73 (25.7)

Estrogen receptor status

Positive 132 (46.5)

Negative 98 (34.5)

Unknown 54 (19.0)

Progesterone receptor status

Positive 101 (35.6)

Negative 123 (43.3)

Unknown 60 (21.1)

T stage

T1 87 (30.6)

T2 99 (34.9)

T3 24 (8.5)

T4 27 (9.5)

Unknown 47 (16.5)

N stage

N0 145 (51.1)

N1 67 (23.6)

N2 16 (5.6)

N3 20 (7.0)

Unknown 36 (12.7)

Table 1 continued

Characteristic N (%)

M Stage

M0 205 (72.2)

M1 58 (20.4)

Unknown 21 (7.4)

Surgery

Mastectomy 100 (35.2)

Lumpectomy 104 (36.6)

None 79 (27.8)

Unknown 1 (0.4)

Lymph node sampling

Positive 70 (24.6)

Negative 105 (37.0)

Not examined 97 (34.2)

Unknown 12 (4.2)

Radiation

None 157 (55.3)

Received 118 (41.5)

Unknown 9 (3.2)

Follow-up

Alive 171 (60.2)

Died of disease 71 (25.0)

Died of other causes 40 (14.1)

Unknown 2 (0.7)
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with the proportion of patients presenting with stage IV or

stage unknown disease.

Stage-stratified DSS and OS survival curves are pre-

sented in Fig. 2. Five-year DSS rates for stage I–IV NECB

were 88.1, 67.8, 60.5, and 12.4 %, respectively

(p \ 0.0001) while 5-year OS rates were 77.9, 57.3, 52.9,

and 8.9 %, respectively (p \ 0.0001). When stratified by

histology, long-term outcomes were significantly more

favorable for well-differentiated neuroendocrine carcino-

mas and ANFs compared to small cell carcinomas, large

cell carcinomas, and carcinoids (Fig. 3). Five-year DSS

rates for well-differentiated neuroendocrine tumors, ANFs,

small cell carcinomas, and large cell/carcinoids (combined

because of the small numbers) were 74.0, 73.3, 50.5, and

49.1 %, respectively, while 5-year OS rates were 62.4,

68.9, 32.2. and 24.8 %, respectively.

On univariate Cox proportional hazards regression, small

cell carcinoma was significantly associated with worse DSS

(OR 1.97, 95 % CI 1.05–3.67) and OS (OR 2.66, 95 % CI

1.49–4.72) compared to other neuroendocrine tumors. Black

race, poor differentiation, ER/PR receptor negativity,

increasing T, N and M stage, and no primary breast surgery

were all associated with worse DSS (Table 3). Age C 80,

poorly differentiated and undifferentiated tumors, ER/PR

receptor negativity, advanced T, N and M stages, and no

primary breast surgery were all associated with worse OS

(Table 3). After controlling for other factors with multivar-

iate Cox hazards regression analysis, the association of small

cell carcinoma with DSS (OR 6.46, 95 % CI 0.88–47.68,

p = 0.07) and OS (1.97, 95 % CI 0.47–8.22, p = 0.36)

became less statistically significant.

Discussion

Feyrter and Hartmann first made the observation of breast

tissue that resembled intestinal carcinoids in 1963 [13]. It

Fig. 2 Stage-stratified disease specific (a) and overall (b) survival for

patients with primary neuroendocrine carcinoma of the breast

Table 2 Stage stratification for

primary neuroendocrine

carcinomas based on

histological subtype

Stage Well differentiated Small cell Adenocarcinoma with

neuroendocrine features

Carcinoid/large

cell carcinoma

I 60 (40.5) 23 (31.5) 21 (50.0) 3 (14.3)

II 10 (6.8) 4 (5.4) 2 (4.7) 0

III 38 (25.7) 19 (26.0) 11 (26.2) 6 (28.5)

IV 32 (21.6) 15 (20.5) 5 (11.9) 5 (23.8)

Unknown 8 (5.4) 12 (16.4) 3 (7.1) 7 (33.3)

Fig. 3 Disease specific (a) and overall (b) survival for patients with

neuroendocrine carcinoma of the breast stratified by histologic

subtype: well-differentiated neuroendocrine carcinoma, small cell

neuroendocrine carcinoma, adenocarcinoma with neuroendocrine

features (ANF), and other primary neuroendocrine tumors
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Table 3 Univariate cox

proportional hazards analysis

for disease specific and overall

survival

Disease specific survival

OR (95 % CI), p value

Overall survival

OR (95 % CI), p value

Age

\50 – –

50–59 1.56 (0.64–3.83), 0.33 1.69 (0.76–3.74), 0.19

60–69 1.35 (0.56–3.25), 0.51 1.21 (0.55–2.63), 0.64

70–79 1.20 (0.47–3.08), 0.47 1.45 (0.64–3.28), 0.37

C80 2.04 (0.82–5.07), 0.13 4.25 (1.84–9.79), 0.001

Gender

Male – –

Female 0.37 (0.04–2.98), 0.35 1.22 (0.32–4.64), 0.77

Race

White – –

Black 2.09 (1.03–4.25), 0.04 1.68 (0.86–3.29), 0.13

Other 1.99 (0.56–7.06), 0.29 2.01 (0.60–6.79), 0.26

Histology

Neuroendocrine – –

Small Cell 1.97 (1.05–3.67), 0.03 2.66 (1.49–4.72), 0.001

Adenocarcinoma with

neuroendocrine features

0.89 (0.37–2.11), 0.79 0.61 (0.28–1.35), 0.22

Other 1.89 (0.70–5.08), 0.21 2.16 (0.86–5.42), 0.10

Grade

Well/moderately–differentiated – –

Poorly differentiated 2.26 (0.95–5.35), 0.06 3.03 (1.44–6.39), 0.003

Undifferentiated 1.89 (0.54–6.56), 0.33 3.33 (1.15–9.70), 0.03

ER

Negative – –

Positive 0.46 (0.25–0.84), 0.01 0.29 (0.17–0.52), \0.0001

PR

Negative – –

Positive 0.36 (0.19–0.70), 0.003 0.29 (0.16–0.53), \0.0001

T Stage

T1 – –

T2 2.14 (0.92–4.99), 0.08 1.48 (0.77–2.86), 0.24

T3 5.13 (1.75–15.07) 3.30 (1.28–8.48), 0.01

T4 14.54 (5.13–41.25), \0.0001 11.55 (4.10–32.55), \0.0001

N Stage

N0 – –

N1 2.16 (1.05–4.46), 0.04 1.45 (0.78–2.70), 0.25

N2 3.2 (0.98–10.26), 0.05 3.16 (1.08–9.30), 0.04

N3 47.62 (10.12–224.14), \0.0001 NA

M Stage

M0 – –

M1 5.66 (3.02–10.60), \0.0001 8.38 (4.27–16.45), \0.0001

Surgery

Mastectomy – –

Lumpectomy 1.02 (0.50–2.08), 0.96 0.86 (0.47–1.57), 0.63

None 3.44 (1.75–6.78), \0.0001 3.87 (2.07–7.22), \0.0001

Lymph node sampling

Not Examined – –

Examined 0.39 (0.22–0.67), 0.001 0.24 (0.14–0.40), \0.0001
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was not until 1977, that Cubilia and Woodruff reported the

first series of primary carcinoid tumors of the breast [14].

Since then, sporadic cases of NECB have been reported

throughout the literature. Appreciation of NECB as a

separate entity was greatly enhanced when the WHO

included NECB in its 2003 classification of tumors report

[15]. Despite the increased interest, few large series of

NECB have been reported and information on long-term

outcomes has been lacking [16].

The diagnosis of NECB can be challenging and depends

on careful evaluation of core needle or excisional biopsy

specimens. However, routine histological staining is made

difficult in that many of the classic histopathological fea-

tures of neuroendocrine carcinomas occurring in other

organs are not present in NECB. Furthermore, mixed

growth patterns with invasive ductal or lobular carcinoma,

not otherwise specified (NOS) are often present. In one

retrospective analysis, the diagnosis of NECB was not

recognized initially in over two-thirds of the cases [17].

Histopathologic features concerning for neuroendocrine

differentiation (most commonly papillary, nesting, or mixed

growth patterns) should be confirmed by immunohisto-

chemical staining with chromogranin, synaptophysin, neu-

ron specific enolase, or other neuroendocrine markers [12,

17]. In addition, NECB should demonstrate an immuno-

profile consistent with CK7 positivity and CK20 negativity

similar to other breast cancers; nevertheless, there can be

variability in this pattern. Interestingly, while many of these

tumors demonstrate estrogen and progesterone receptor

positivity, their expression is not diagnostic of NECB as

ER/PR have been found expressed in other sites and are not

universally expressed in breast carcinoma [18].

Because of their rarity as primary breast neoplasms,

metastasis from another primary neuroendocrine tumor

should be excluded, especially for small cell histology.

Markers of pulmonary (TTF-1), GI (CDX-2), or pancreatic

origin (PDX-1) should be negative. Careful clinical and

radiographic evaluations should exclude other primary sites.

Conversely, demonstration of an in situ carcinoma compo-

nent is helpful for classification as a primary NECB. SEER

makes every attempt to include only non-metastatic tumors

in the primary site category. However, since this is secondary

data, we are unable to conclude with complete certainty that

no metastatic neuroendocrine neoplasms originating in other

organs or tissues were included as breast primaries.

Within the context of NECB, three distinct subtypes

have been described according to the WHO: well-differ-

entiated neuroendocrine tumors, poorly differentiated

neuroendocrine carcinoma, or small cell carcinoma, and

invasive breast carcinoma with neuroendocrine differenti-

ation [8]. Other rare histological subtypes have also been

described: carcinoid [19], large cell neuroendocrine [20],

endocrine mucoid carcinoma [21], and endocrine ductal

carcinoma in situ [22]. Importantly, the impact of histo-

logical subtype on long-term outcomes has not been pre-

viously investigated. Our study utilized SEER, which

advantageously codes these histological subtypes sepa-

rately, to determine the prognostic value of histology in

NECB. We found that small cell carcinomas, large cell

carcinomas, and carcinoids behaved similarly and had

significantly worse DSS and OS compared to well-differ-

entiated neuroendocrine carcinomas and adenocarcinomas

with neuroendocrine features.

Our study confirms previous findings that patients with

NECB, in general, present with relatively more advanced

disease than primary breast cancers [1]. In our study, 36 %

of patients had lymph node metastases and 20 % presented

with systemic metastases, significantly greater than patients

with invasive ductal carcinoma (IDC, approximately 40 and

10 %, respectively) [23]. Patients with ANF were more

likely to present with stage 1 disease, while the other his-

tological subtypes presented at similar stages. Importantly,

we found that NECB is associated with worse long-term

outcomes compared to IDC [24, 25]. 5-year OS rates of

77.9, 57.3, 52.9, and 8.9 % for stage I–IV disease, respec-

tively, are significantly higher than stage-stratified rates for

IDC (100, 93, 72, and 22 %, respectively) [26]. Recently, a

stage-matched comparative analysis demonstrated worse

survival in NECB compared to IDC-NOS [27].

Our study highlights other demographic and histopa-

thological characteristics with prognostic importance. Age,

race, tumor grade, T, N and M staging and receipt of sur-

gery, and lymph node sampling were all associated with

survival. Despite its more aggressive behavior, treatment

paradigms today are similar to that of IDC. Breast-con-

serving surgery and mastectomy were used with similar

frequency in this population-based study [28–30].

Although the systemic treatment of early NECB typically

follows that of IDC [12, 28], immunohistochemistry may

be important for guiding adjuvant treatment regimens [31]

Table 3 continued Disease specific survival

OR (95 % CI), p value

Overall survival

OR (95 % CI), p value

Radiation

None – –

Received 1.18 (0.67–2.05), 0.57 0.64 (0.39–1.06), 0.09
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as adjuvant endocrine therapies may offer potential in

treating susceptible tumors [25]. For example, somatostatin

analogs have been used for tumors with confirmed

somatostatin-receptor expression [32].

The SEER database is a prospectively collected, popu-

lation-based cancer registry, which captures 26 % of all

cancer cases throughout the United States and provides

impressive follow-up. Its large sample size enables the

study of less-common diseases such as NECB, on which

previous studies had been significantly limited by their

small sample size. As with any registry-based analysis,

inaccuracies in coding and abstracting may have occurred.

In addition, no stringent prospective protocols for patho-

logical review could be applied. Pathologist misinterpre-

tation or misclassification of metastases in the breast from

neuroendocrine tumors originating elsewhere is possible.

Of note, SEER does not contain information on preopera-

tive comorbidities, postoperative complications, margin

status, use of adjuvant systemic therapies, all of which

represent important variables in outcome analyses.

These data represent the largest series of NECB cases in

the literature. We describe the epidemiological character-

istics associated with this rare variant of breast cancer

underscoring the advanced stage at presentation and the

relatively poor prognosis of NECB. Small cell carcinoma

subtype, in particular, is associated with worse DSS and OS

compared to well-differentiated NECB and invasive car-

cinoma with neuroendocrine features. Future studies

should consider reporting these subtypes separately based

on the differences in prognosis.
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