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Abstract
Background: Primary neuroendocrine breast carcinomas (NEBCs) are an ex-
tremely rare and underrecognized subtype of mammalian carcinoma. The prog-
nostic factors for NEBCs remain controversial.
Methods: In this multicenter retrospective study, the prognostic factors for pa-
tients with primary NEBCs who underwent surgery and had a pathologically con-
firmed diagnosis of neuroendocrine carcinoma in China and the United States 
were examined. The endpoints were disease-free survival (DFS) and overall sur-
vival (OS).
Results: A total of 51 Chinese patients and 98 US patients were included. In the 
Chinese cohort, tumor grade and Ki-67 levels were prognostic factors for DFS in 
univariate analysis (hazard ratio [HR] = 5.11 [1.67–15.60], p = 0.004; HR = 57.70 
[6.36–523.40], p  <  0.001, respectively) and multivariate analysis (HR  =  100.52 
[1.33–7570.21], p = 0.037; HR = 31.47 [1.05–945.82], p = 0.047, respectively). In 
the US cohort, age was an important prognostic factor for OS in univariate analy-
sis (HR = 1.09 [1.04–1.15], p = 0.001). The random effects model for the com-
bined cohorts revealed age and positive expression of estrogen receptor (ER) as 
potential prognostic factors for OS (HR = 1.08 [1.01–1.14], p = 0.015; HR = 0.10 
[0.02–0.44], p = 0.003, respectively).
Conclusions: Tumor grade and Ki-67 levels are important prognostic factors for 
DFS of patients with primary NEBCs. Age and ER status are important prognostic 
factors for OS of patients with primary NEBCs.
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1   |   INTRODUCTION

Neuroendocrine neoplasms (NENs) are a relatively rare 
and heterogeneous group of tumors originating from 
the neuroendocrine system.1 Studies have demonstrated 
the importance of tumor classification, grading, and 
staging when assessing the prognosis of patients with 
NENs. However, the prognostic factors for NENs are 
not well-known. There was a significant increase in the 
reported annual age-adjusted incidence of neuroendo-
crine tumors (NETs) from 1973 (1.09/100,000) to 2004 
(5.25/100,000) in the Surveillance, Epidemiology, and 
End Results (SEER) database. Therefore, it has become 
increasingly important to study the prognostic factors 
for patients with NENs.2–4

Primary neuroendocrine breast carcinomas (NEBCs) 
are a very rare group of tumors5 and account for <1% of 
all NETs and <0.1% of invasive breast cancers.6,7 The neu-
roendocrine differentiation of breast cancer was first pro-
posed in 1963.8 In 2003, the World Health Organization 
acknowledged it as a distinct solid tumor in the Pathology 
and Genetics of Tumors of the Breast and Female Genital 
Organs, with a diagnostic criterion of >50% of tumor cells 
expressing neuroendocrine markers.9

Some studies have shown that NEBCs have a poor 
prognosis.6,10–13 Conversely, a retrospective study of 224 
patients with NETs showed that breast carcinomas that 
expressed high levels of neuroendocrine markers and 
cytomorphologic features were associated with a better 
prognosis.14 Considering the contradictory nature of these 
findings, the prognostic factors that affect NEBCs remain 
controversial and require further study. In addition, ac-
cording to the 2012 WHO classification, primary NEBCs 
accounted for 2%–5% of breast cancers15; due to the low 
incidence of NEBCs despite the increasing numbers, lit-
tle is known on their optimal management. Owing to 
the scarcity of reported cases of NEBCs, we herein used 
Chinese and US cohorts to reveal the prognostic factors 
for NEBCs.

2   |   METHODS

2.1  |  Chinese cohort: Patients and 
variables

Data of patients who visited the Cancer Hospital Chinese 
Academy of Medical Sciences and Beijing Cancer Hospital 
between 2000 and 2018 were retrospectively collected. 
Patients with a pathologically confirmed diagnosis of neu-
roendocrine carcinoma and those with complete patho-
logical information were included. Exclusion criteria of 
patients were as follows1: no surgical treatment2; primary 

diagnosis of metastatic tumor; and3 missing survival in-
formation. The pathological diagnosis of all patients 
was confirmed by consultation with a physician from 
the Department of Pathology, Cancer Hospital Chinese 
Academy of Medical Sciences. All patients provided writ-
ten informed consent.

Data on tumor size, number of positive lymph nodes, 
the 7th American Joint Committee on Cancer (AJCC) 
tumor stage, tumor grade, estrogen receptor (ER) status, 
progesterone receptor (PR) status, human epidermal 
growth factor receptor 2 (HER2) status, chromogranin 
A (CgA), and synaptophysin (Syn) positivity were retro-
spectively collected from pathology reports. ER and PR 
positivity were defined as any positive nuclear staining 
(i.e., ≥1%). HER2 positivity was defined as immuno-
histochemistry (+++) or immunohistochemistry (++) 
with gene amplification confirmed by fluorescence in 
situ hybridization. Information on the treatment of pa-
tients was obtained from follow-up data. Information on 
the survival status of patients was obtained by telephone 
follow-up. In this study, disease-free survival (DFS) was 
defined as the time since radical surgery to disease re-
currence, metastasis, the last follow-up, or patient 
death. In addition, overall survival (OS) was defined as 
the time since diagnosis to death from any cause or the 
last follow-up.

Additional patients were included who visited Beijing 
Hospital between 2008 and 2017. Information from the 
medical records of these patients is publicly available.16

2.2  |  US cohort: Patients and variables

The SEER database was searched for all NEBCs that were 
diagnosed between 2010 and 2015 because the registration 
of the HER2 status in the SEER database commenced in 
2010. The following inclusion criteria were used for data 
screening1: female breast cancer had to be the first and only 
cancer diagnosis2; the histology type of the patients had 
to be infiltrating carcinoma (International Classification 
of Disease, 3rd edition, ICD-O-3 code 8013/3, 8246/3, and 
8574/3); and3 patients should have undergone mastec-
tomy or lumpectomy. Patients with unknown diagnosis 
dates and unknown survival times were excluded from 
this study.

The following variables were extracted from the selected 
SEER database: age at diagnosis, race or ethnicity, later-
ality (right or left side), tumor grade (well-differentiated, 
moderately differentiated, or poorly differentiated), the 
7th AJCC tumor stage, ER status, PR status, HER2 sta-
tus, and history of undergoing radiotherapy or chemo-
therapy. The OS and cause-specific survival were used as 
endpoints.
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2.3  |  Statistics

The cutoff for Ki-67 levels was determined using X tile 
3.6.1 software (Yale University, USA). Categorical infor-
mation was tested using a chi-squared test or Fisher's 
exact test. The Wilcoxon rank sum test was used for or-
dered data. A Cox regression model was used for survival 
analysis. Variables with a p-value <0.25 in univariate 
analysis were selected as independent variables and ana-
lyzed by multivariate Cox regression. A random effects 
model (REM) was used to combine hazard ratios (HRs). 
All analyses were performed in R 4.0.1. Survival curves 
were plotted using GraphPad Prism 6. All were tested 
using a two-sided test. A p-value <0.05 was considered 
statistically significant.

3   |   RESULTS

3.1  |  Clinical characteristics of the 
cohorts in China and the United States

A total of 51 Chinese patients were included in the study: 
17 from the Cancer Hospital Chinese Academy of Medical 
Sciences, 27 from Beijing Hospital, and 7 from the Beijing 
Cancer Hospital. The mean age (range) of all patients 
was 62.29 years (24–92 years) with a standard deviation 
of 15.45 years. Clinical characteristics of the cohorts are 
shown in Table 1. Most patients were in the early stage 
of tumor growth without lymph node metastasis (N0). 
According to the AJCC staging system, 13 (27.08%) and 
32 (66.67%) patients were in stage I and II, respectively. In 
addition, according to the degree of differentiation, most 
patients showed highly or moderately differentiated tu-
mors (n = 35, 71.47%). Most patients were ER/PR-positive 
and HER2-negative. For treatment, all patients under-
went surgery, and most patients received chemotherapy 
(n = 31, 60.78%) and endocrine therapy (n = 37, 72.55%) 
but not radiotherapy (n = 40, 78.43%).

In addition, 98 US patients were included from the 
SEER database; these patients had a mean age (range) 
of 63.5  years (34–92  years) and a standard deviation of 
15.98 years. Similar to the Chinese patients, most of these 
patients were in the early stage of tumor growth. The ma-
jority of the patients were in the T2 stage (n = 51, 52.58%) 
and did not have lymph node metastasis (N0; n  =  66, 
67.35%). However, the proportion of high-pathological-
grade, poorly differentiated tumors was higher in the US 
patients (n  =  50; 53.76%) than in the Chinese patients 
(n = 14; 28.57%). The majority of patients were ER/PR-
positive and HER2-negative. Regarding the treatment, 
more patients underwent lumpectomy (60, 61.22%) than 
mastectomy (38, 38.78%). In contrast to Chinese patients, 

T A B L E  1   Clinical characteristics and treatment strategies of 
patients in China and the United States

China US

p-­valueN % N %

Overall 51 98

Laterality 0.036

Left 32 64.00 52 53.06

Right 16 32.00 46 46.94

Bilateral 2 4.00 0 0

Unknown 1 0

pT stage 0.186

T1 19 37.25 32 32.99

T2 31 60.78 51 52.58

T3 0 0 11 11.34

T4 1 1.96 3 3.09

Unknown 1

pN stage 0.620

N0 34 70.83 66 67.35

N1 12 25.00 25 25.51

N2 1 2.08 5 5.10

N3 1 2.08 2 2.04

Unknown 3

AJCC 7th Stage 0.992

I 13 27.08 30 30.93

II 32 66.67 56 57.73

III 3 6.25 11 11.34

Unknown 3 2

Tumor grade 0.005

1 and 2 35 71.43 43 46.24

3 14 28.57 50 53.76

Unknown 2 5

ER 0.668

Positive 42 82.35 74 78.72

Negative 9 17.65 20 21.28

Unknown 0 4

PR 0.550

Positive 40 78.43 68 72.34

Negative 11 21.57 26 27.66

Unknown 0 4

HER2 0.049

Positive 5 12.82 3 3.23

Negative 34 87.18 90 96.77

Unknown 12 5

Surgery <0.001

Mastectomy 39 88.64 38 38.78

Lumpectomy 5 11.36 60 61.22

(Continues)
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more US patients received radiotherapy (n = 53; 54.08% 
vs. 21.57%, p < 0.001).

3.2  |  Univariate and multivariate 
survival analysis of DFS in 
Chinese patients

The analysis of prognostic factors for DFS is shown 
in Table  2. Univariate Cox regression models showed 
that poorly differentiated tumors were associated with 
a worse prognosis than well-differentiated and mod-
erately differentiated tumors (HR  =  5.11 [1.67–15.60], 
p = 0.004), Figure 1]. In addition, higher Ki-67 levels were 

associated with a worse prognosis (HR  =  57.70 [6.36–
523.40], p < 0.001), Figure 2]. Owing to the lack of stand-
ardization and the variability in the cutoff points used to 
define a high Ki-67 index of NEBCs, we analyzed the in-
fluence of different Ki-67 cutoff levels (15%, 20%, 30%, and 
55%) on the DFS of patients in China. We found that there 
were differences at the cutoff level of 55% both in univari-
ate [HR = 57.70 (6.36–523.40), p < 0.001] and multivariate 
[HR = 31.47 (1.05–945.82), p < 0.05] analyses; the results 
are shown in Table S1. Furthermore, there could be an 
association between radiotherapy and DFS [HR  =  2.80 
(0.90–8.70), p = 0.074]. Age, stage, other pathological char-
acteristics (ER, PR, HER2, and CgA), and other treatment 
strategies (e.g., endocrine therapy and chemotherapy) of 
patients did not show statistically significant differences.

With adjustment for covariates, multivariate Cox re-
gression analysis showed an association between worse 
prognosis with a higher tumor grade (HR = 100.52 [1.33–
7570.21], p = 0.037) and higher Ki-67 levels (HR = 31.47 
[1.05–945.82], p = 0.047).

3.3  |  Survival analysis of overall survival 
in Chinese and US cohorts

Univariate Cox regression analysis of OS of Chinese and 
US patients is given in Table 3. Age, pathological charac-
teristics, and treatment strategies did not have a statisti-
cally significant impact on OS of Chinese patients. In the 
US patients, increasing age had an adverse effect on prog-
nosis (HR = 1.09 [1.04–1.15], p = 0.001). After adjustment, 
a multivariate Cox regression analysis was performed for 
Chinese and US patients, as shown in Table 4. HRs were 
combined using a REM. Consequently, age (HR  =  1.08 
[1.01–1.14], p = 0.015) and ER positivity (HR = 0.10 [0.02–
0.44], p = 0.003) predicted a statistically significantly bet-
ter prognosis. The impact of N stage and chemotherapy on 
prognosis needs to be determined.

4   |   DISCUSSION

Primary neuroendocrine carcinomas of the breast are 
extremely rare and therefore controversial in terms of di-
agnosis, treatment, and prognosis. This study was a mul-
ticenter retrospective study and included population data 
from the SEER database. A total of 149 patients were in-
cluded to analyze the prognostic factors in patients with 
NEBCs.

The mean age of the patients was 62.56 years, with most 
being postmenopausal. Survival analysis of the SEER da-
tabase population and the combined analysis of Chinese 
and the US cohorts suggested that age was a significant 

China US

p-­valueN % N %

Unknown 7

Radiotherapy <0.001

Yes 11 21.57 53 54.08

No 40 78.43 45 45.92

Chemotherapy 0.167

Yes 31 60.78 47 47.96

No 20 39.22 51 52.04

Ki-67 levels

<55% 36 85.71

≥55% 6 14.29

Unknown 9

CgA

Positive 31 81.58

Negative 7 18.42

Unknown 13

Syn

Positive 28 80.00

Negative 7 20.00

Unknown 16

Endocrine therapy

Yes 37 72.55

No 14 27.45

Race/Ethnicity

White 85 87.63

Black 8 8.25

Asian or Pacific 
Islander

4 4.12

Unknown 1

Abbreviations: AJCC, American Joint Committee on Cancer; CgA, 
chromogranin A; ER, estrogen receptor; HER2, human epidermal growth 
factor receptor 2; PR, progesterone receptor; Syn, synaptophysin.

T A B L E  1   (Continued)
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factor that affected OS (HR = 1.09 [1.04–1.15], p = 0.001, 
HR  =  1.08 [1.01–1.14], p  =  0.015, respectively). Several 
previous studies have reported age as an important prog-
nostic factor for OS.17,18 Zhou et al. reported that age at di-
agnosis significantly affects OS of patients with pancreatic 
NETs (HR = 1.92 [1.69–2.17], p < 0.001). A multivariate 
Cox regression analysis of breast cancer patients by Wray 
et al. showed that age was an independent predictor for 
OS (HR = 1.04 [1.04–1.05], p < 0.001).

There were differences in the nuclear grades of tumors 
in the Chinese and US cohorts. Chinese patients showed 
a greater tendency to have well-differentiated and moder-
ately differentiated tumors, whereas their US counterparts 

predominantly showed poorly differentiated tumors. For 
Chinese patients, poor differentiation had a negative ef-
fect on DFS (HR = 100.52 [1.33–7570.21], p = 0.037). Wei 
et al.’s prognostic study of NEBCs showed that among pa-
tients with NETs, those with a higher tumor grade tended 
to have shorter DFS and OS (p = 0.005 and 0.003, respec-
tively). Li et al. analyzed the prognostic factors in patients 
with pancreatic NETs and showed that G3 negatively 
impacted prognosis more strongly than G1 (HR = 4.067 
[2.952–5.603], p < 0.001).12,19 This may be related to the 
biological behavior of the tumor. Poorly differentiated 
tumor cells are more likely to metastasize. In addition, 
compared to ER(−) patients, ER(+) patients had a better 

Univariate Cox regression 
model

Multivariate Cox 
regression model

HR (95% CI) p-­value HR (95% CI) p-­value

Age 0.98 (0.94–1.01) 0.147 0.88 (0.78–1.00) 0.052

AJCC 7th stage 1.19 (0.40–3.50) 0.756

Tumor grade 5.11 (1.67–15.60) 0.004 100.52 
(1.33–7570.21)

0.037

N stage 0.92 (0.28–3.04) 0.891

ER 0.39 (0.11–1.46) 0.162 0.51 (0.03–8.94) 0.648

PR 1.47 (0.32–6.64) 0.618

HER2 2.29 (0.49–10.64) 0.290

Ki-67 levels 57.70 
(6.36–523.40)

<0.001 31.47 
(1.05–945.82)

0.047

CgA 0.40 (0.10–1.58) 0.187 0.04 (0.001–1.12) 0.058

Surgery 0.71 (0.16–3.22) 0.658

Radiotherapy 2.80 (0.90–8.70) 0.074 0.04 (0.001–1.77) 0.096

Endocrine therapy 0.72 (0.22–2.36) 0.588

Chemotherapy 1.52 (0.47–4.95) 0.486

Abbreviations: HR, hazard ratio; AJCC, American Joint Committee on Cancer; CgA, chromogranin; 
CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, 
progesterone receptor.

T A B L E  2   DFS of patients in China

F I G U R E  1   Kaplan–Meier curves of DFS according to tumor 
grades

F I G U R E  2   Kaplan–Meier curves of DFS according to Ki-67 
levels
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prognosis (HR = 0.10 [0.02–0.44], p = 0.003), which may 
be attributed to them receiving endocrine therapy. In 
Chinese patients, Ki-67 ≥ 55% was associated with a worse 
prognosis than Ki-67  <  55% (HR  =  31.47 [1.05–945.82], 
p = 0.047). Though lack of standardization and variability 
in breast cancer,20 the St. Gallen consensus 2009 proposed 
three categories: low (<15%), intermediate (16%–30%), 
and high (>30%).21 Gallen (2013) changed the cutoff point 
to 20% with the option to use local laboratory values.22 
Besides, most Chinese experts agree that Ki-67 < 15% in-
dicates low expression and >30% indicates high expres-
sion.23 However, we found that there were differences at 
the cutoff level of 55% both in univariate (HR  =  57.70 
[6.36–523.4], p  <  0.001) and multivariate (HR  =  31.47 
[1.05–945.82], p  <  0.05) analyses and that multivariate 
analyses were negative if the Ki-67 cutoff level was 15%, 
20%, or 30%. In a report, 55% Ki-67 was defined as the 

threshold that could change the tumor response to plati-
num/etoposide chemotherapy.24 Chen et al. reported that 
Ki-67 levels were higher in patients with postoperative 
recurrent disease within 5 years than in patients without 
recurrence (area under the curve [AUC] = 0.860 [0.805–
0.916]).25 This was because Ki-67 could induce tumor 
proliferation. According to the multivariate Cox regres-
sion analysis of DFS in Chinese patients, CgA may be as-
sociated with a better prognosis (HR = 0.04 [0.001–1.12], 
p < 0.1), which is consistent with the results for gastroen-
teropancreatic neoplasms.26

There was a difference in the surgical approach used 
for Chinese and US patients. The Chinese patients were 
more likely to receive mastectomies, whereas the US pa-
tients were more likely to receive lumpectomies. This may 
be related to cultural differences.27,28 In addition, Chinese 
women have relatively small breasts and may not always 
be eligible for breast-conserving surgery. The proportion 
of patients with NEBCs treated with radiation therapy 
was lower in China than in the US. Breast-conserving sur-
gery with radiation therapy is a widely accepted standard 
method and allows breast preservation in most patients 
with early-stage breast cancer. More patients are treated 
with breast-conserving therapy in the United States than 
in China, and therefore, more patients in the US receive ra-
diation therapy. According to a univariate Cox regression 
analysis of DFS in Chinese patients, radiotherapy may be 
associated with a poor prognosis (HR  =  2.8 [0.90–8.70], 

T A B L E  3   Univariate Cox regression model of OS analysis for 
patients in China and the United States

HR (95% CI) p-­value

China

Age 1.02 (0.97–1.10) 0.362

AJCC 7th stage 0.50 (0.10–2.38) 0.380

Tumor grade 1.11 (0.12–10.10) 0.924

N stage 0.57 (0.06–5.13) 0.616

ER 0.37 (0.04–3.50) 0.382

HER2 1.84 (0.20–16.56) 0.588

CgA 0.53 (0.05–5.16) 0.582

Surgery 0.40 (0.04–3.55) 0.408

Endocrine therapy 1.32 (0.15–11.88) 0.804

Chemotherapy 0.17 (0.02–1.56) 0.119

US

Age 1.09 (1.04–1.15) 0.001

N stage 0.34 (0.08–1.55) 0.165

AJCC 7th stage 1.26 (0.56–2.87) 0.576

Tumor grade 2.42 (0.31–18.70) 0.396

Race

White 1 (reference)

Black 0.82 (0.11–6.32) 0.848

Asian or Pacific islander 1.92 (0.25–14.81) 0.533

ER 0.39 (0.11–1.38) 0.144

PR 0.51 (0.14–1.84) 0.306

Surgery 1.34 (0.45–3.99) 0.601

Radiotherapy 0.65 (0.22–1.95) 0.447

Chemotherapy 0.94 (0.31–2.78) 0.908

Abbreviations: AJCC, American Joint Committee on Cancer; CgA, 
chromogranin A; CI, confidence interval; ER, estrogen receptor; HER2, 
human epidermal growth factor receptor 2; HR, hazard ratio; PR, 
progesterone receptor.

T A B L E  4   Multivariate Cox regression model of OS analysis for 
patients in China and the United States

HR (95% CI) SEM p-­value

Age

China 1.03 (0.94–1.13) 0.05 0.486

US 1.10 (1.03–1.17) 0.03 0.003

REM 1.08 (1.01–1.14) 0.03 0.015

N stage

China 1.18 (0.11–12.47) 1.20 0.888

US 0.55 (0.11–2.77) 0.83 0.466

REM 0.70 (0.18–2.68) 0.68 0.607

ER

China 0.04 (0.001–1.76) 0.94 0.096

US 0.19 (0.05–0.80) 0.72 0.022

REM 0.10 (0.02–0.44) 0.77 0.003

Chemotherapy

China 0.07 (0.004–1.26) 1.48 0.070

US 2.44 (0.65–9.11) 0.67 0.186

REM 0.53 (0.02–16.58) 1.76 0.717

Abbreviations: CI, confidence interval; ER, estrogen receptor; HR, hazard 
ratio; REM, random effects model; SEM, standard error of mean.
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p < 0.1). However, patients with breast NETs treated with 
radiotherapy reportedly had longer median OS (156 vs. 
88  months) and median DFS (138 vs. 80  months) than 
those who did not receive radiotherapy.12

The use of chemotherapy for NEBCs remains contro-
versial. NEBCs are treated according to the ER and HER2 
statuses of the patient.5 Neuroendocrine components can 
be controlled by anthracyclines.27 Patients treated with 
chemotherapy reportedly had a DFS of ≤36  months.28 
However, patients who received chemotherapy had 
shorter OS and DFS than those who did not.12 Many stud-
ies have shown that NETs often exhibit overexpression of 
growth inhibitors.29–31 Currently, growth inhibitory an-
alogs (mainly somatostatin analogs [SSAs]) are used as 
the first-line treatment or adjuvant therapy after surgery 
for well-differentiated gastroenteropancreatic NETs.32 A 
meta-analysis by Dolan et al. showed that SSAs showed 
good results in the treatment of metastatic breast can-
cer with few adverse effects.33 However, to our knowl-
edge, no treatment that uses SSAs have been reported for 
breast NETs. In addition, there are case reports of good 
outcomes with peptide receptor radionuclide therapy in 
breast cancer patients with neuroendocrine differentia-
tion.34 Therefore, the role of pharmacotherapy in NEBCs 
requires further study.

There are several potential limitations of this study. 
First, the SEER database has deficiencies in data related 
to endocrine therapy and the recurrence or metastasis 
status. This means that it is difficult to assess the role of 
endocrine therapy in the US population and perform DFS 
analyses. Second, because NEBCs are extremely rare, it is 
difficult to expand the sample size as all six patients with 
Ki-67  ≥  55% died, which made OS analysis impossible. 
Finally, though menstrual status and BMI are important 
factors of breast cancer, there are no available data for 
these factors in the SEER database. Besides, as the data of 
Chinese cohort were retrospective and from multiple cen-
ters, it was difficult to collect menstrual status and BMI 
data for analysis. However, because screening techniques 
continue to improve and the number of patients identified 
as having NEBCs continues to increase, the best treatment 
modalities and treatment options for this rare tumor will 
continue to be explored.

5   |   CONCLUSION

Tumor grade and Ki-67 levels are important prognostic 
factors for DFS of primary neuroendocrine carcinomas of 
the breast. CgA and radiotherapy are potential prognostic 
factors for DFS. Age and ER status are important prognos-
tic factors for the OS of primary neuroendocrine carcino-
mas of the breast.

AUTHOR CONTRIBUTIONS
Shu-tao Ma and Ding-yuan Wang designed the study, 
performed most of the investigations, and data analysis. 
Yi-bing Liu and Hui-jing Tan contributed significantly 
to analysis and manuscript preparation. Yue-yue Ge pro-
vided data and wrote the manuscript. Yihebali Chi and 
Bai-lin Zhang reviewed and edited the manuscript. All 
authors read and approved the manuscript.

ETHICS STATEMENT
The protocol was approved by the Institutional Review 
Board at each participating institution center and com-
plied with good clinical practice guidelines, as well as the 
Declaration of Helsinki.

DATA AVAILABILITY STATEMENT
The datasets generated and analyzed during the present 
study are available from the corresponding author on rea-
sonable request.

ORCID
Ding-yuan Wang   https://orcid.
org/0000-0002-4858-6253 
Bai-lin Zhang   https://orcid.org/0000-0003-2759-7727 

REFERENCES
	 1.	 Basu B, Sirohi B, Corrie P. Systemic therapy for neuroendocrine 

tumours of gastroenteropancreatic origin. Endocr Relat Cancer. 
2010;17(1):R75-R90.

	 2.	 Yao JC, Hassan M, Phan A, et al. One hundred years after "car-
cinoid": epidemiology of and prognostic factors for neuroendo-
crine tumors in 35,825 cases in the United States. J Clin Oncol. 
2008;26(18):3063-3072.

	 3.	 Xiong YJ, Liu XY, Cheng CE, et al. Clinical features and prog-
nostic factors of primary gastric neuroendocrine neoplasms. 
Zhonghua Nei Ke Za Zhi. 2020;59(4):297-302.

	 4.	 Lee L, Ito T, Jensen RT. Prognostic and predictive factors on 
overall survival and surgical outcomes in pancreatic neuroen-
docrine tumors: recent advances and controversies. Expert Rev 
Anticancer Ther. 2019;19(12):1029-1050.

	 5.	 Tan PH, Ellis I, Allison K, et al. The 2019 world health organi-
zation classification of tumours of the breast. Histopathology. 
2020;77(2):181-185.

	 6.	 Wang J, Wei B, Albarracin CT, Hu J, Abraham SC, Wu Y. 
Invasive neuroendocrine carcinoma of the breast: a population-
based study from the surveillance, epidemiology and end re-
sults (SEER) database. BMC Cancer. 2014;14:147.

	 7.	 Ogawa H, Nishio A, Satake H, et al. Neuroendocrine tumor in 
the breast. Radiat Med. 2008;26(1):28-32.

	 8.	 Feyrter F, Hartmann G. On the carcinoid growth form of the 
carcinoma mammae, especially the carcinoma solidum (gelati-
nosum) mammae. Frankf Z Pathol. 1963;73:24-39.

	 9.	 Ellis IO, Schnitt SJ, Sastre-Garau X. Invasive breast carcinoma. In: 
Tavassoli FA, Devilee P, eds. Pathology and Genetics of Tumours of 
the Breast and Female Genital Organs. IARC Press. World Health 
Organization Classification of Tumours. 2003;vol 4:32–34.

https://orcid.org/0000-0002-4858-6253
https://orcid.org/0000-0002-4858-6253
https://orcid.org/0000-0002-4858-6253
https://orcid.org/0000-0003-2759-7727
https://orcid.org/0000-0003-2759-7727


2540  |      MA et al.

	10.	 Angarita FA, Rodríguez JL, Meek E, Sánchez JO, Tawil M, 
Torregrosa L. Locally-advanced primary neuroendocrine car-
cinoma of the breast: case report and review of the literature. 
World J Surg Oncol. 2013;11:128.

	11.	 Zhang Y, Chen Z, Bao Y, et al. Invasive neuroendocrine carci-
noma of the breast: a prognostic research of 107 Chinese pa-
tients. Neoplasma. 2013;60(2):215-222.

	12.	 Wei B, Ding T, Xing Y, et al. Invasive neuroendocrine carcinoma 
of the breast: a distinctive subtype of aggressive mammary car-
cinoma. Cancer. 2010;116(19):4463-4473.

	13.	 Brask JB, Talman ML, Wielenga VT. Neuroendocrine carci-
noma of the breast - a pilot study of a Danish population of 240 
breast cancer patients. Apmis. 2014;122(7):585-592.

	14.	 Lai BS, Tsang JY, Poon IK, et al. The clinical significance of neu-
roendocrine features in invasive breast carcinomas. Oncologist. 
2020;25(9):e1318-e1329.

	15.	 Cheymol C, Abramovici O, Do Cao C, et al. Neuroendocrine 
tumors of the breast: myth or reality? A systematic review. Bull 
Cancer. 2018;105(4):431-439.

	16.	 Hua B, Zhang W, Lu X, et al. Analysis of the clinicopatholog-
ical characters of primary neuroendocrine breast carcinomas. 
Chinese Journal of Medicine. 2018;53:522-527.

	17.	 Zhou H, Zhang Y, Song Y, et al. Marital status is an independent 
prognostic factor for pancreatic neuroendocrine tumors patients: an 
analysis of the surveillance, epidemiology, and end results (SEER) 
database. Clin Res Hepatol Gastroenterol. 2017;41(4):476-486.

	18.	 Wray CJ, Phatak UR, Robinson EK, et al. The effect of age on 
race-related breast cancer survival disparities. Ann Surg Oncol. 
2013;20(8):2541-2547.

	19.	 Li Z, Du S, Feng W, et al. Competing risks and cause-specific 
mortality in patients with pancreatic neuroendocrine tumors. 
Eur J Gastroenterol Hepatol. 2019;31(7):749-755.

	20.	 Penault-Llorca F, Radosevic-Robin N. Ki67 assessment in breast 
cancer: an update. Pathology. 2017;49(2):166-171.

	21.	 Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thürlimann B, 
Senn HJ. Thresholds for therapies: highlights of the St Gallen 
international expert consensus on the primary therapy of early 
breast cancer 2009. Ann Oncol. 2009;20(8):1319-1329.

	22.	 Goldhirsch A, Winer EP, Coates AS, et al. Personalizing the 
treatment of women with early breast cancer: highlights of the 
St Gallen international expert consensus on the primary therapy 
of early breast cancer 2013. Ann Oncol. 2013;24(9):2206-2223.

	23.	 Li Q, Liu J, Jiang Z, Liu Q. CSCO breast cancer guide-
line: precise, economical and oriental. Sci China Life Sci. 
2020;63(9):1410-1412.

	24.	 Sorbye H, Welin S, Langer SW, et al. Predictive and prognostic 
factors for treatment and survival in 305 patients with advanced 
gastrointestinal neuroendocrine carcinoma (WHO G3): the 
NORDIC NEC study. Ann Oncol. 2013;24(1):152-160.

	25.	 Chen C, Lu X. The expression of KI-67 and LEF-1 in patients 
after breast cancer resection and its effects on patients' progno-
sis. J BUON. 2020;25(2):627-633.

	26.	 Nielsen K, Binderup T, Langer SW, et al. P53, somatostatin re-
ceptor 2a and chromogranin a immunostaining as prognostic 
markers in high grade gastroenteropancreatic neuroendocrine 
neoplasms. BMC Cancer. 2020;20(1):27.

	27.	 Potier B, Arnaud D, Paillocher N, Darsonval V, Rousseau 
P. Primitive neuroendocrine cancer of the breast. Post-
traumatic discovery of a man. Ann Chir Plast Esthet. 
2012;57(6):630-633.

	28.	 Chikuie E, Yanagawa S, Tanji H, Kodama S, Takeshima Y, 
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(1):205-210.

	29.	 van Eijck CH, Krenning EP, Bootsma A, et al. Somatostatin-
receptor scintigraphy in primary breast cancer. Lancet. 
1994;343(8898):640-643.

	30.	 Reubi JC, Waser B, Foekens JA, Klijn JG, Lamberts SW, 
Laissue J. Somatostatin receptor incidence and distribution 
in breast cancer using receptor autoradiography: relation-
ship to EGF receptors. Int J Cancer. 1990;46(3):416-420.

	31.	 Schaer JC, Waser B, Mengod G, Reubi JC. Somatostatin re-
ceptor subtypes sst1, sst2, sst3 and sst5 expression in human 
pituitary, gastroentero-pancreatic and mammary tumors: com-
parison of mRNA analysis with receptor autoradiography. Int J 
Cancer. 1997;70(5):530-537.

	32.	 Gomes-Porras M, Cárdenas-Salas J, Álvarez-Escolá C. 
Somatostatin analogs in clinical practice: a review. Int J Mol 
Sci. 2020;21(5):1682. https://doi.org/10.3390/ijms2​1051682

	33.	 Dolan JT, Miltenburg DM, Granchi TS, Miller CC 3rd, 
Brunicardi FC. Treatment of metastatic breast cancer with 
somatostatin analogues--a meta-analysis. Ann Surg Oncol. 
2001;8(3):227-233.

	34.	 Savelli G, Zaniboni A, Bertagna F, et al. Peptide receptor ra-
dionuclide therapy (PRRT) in a patient affected by metastatic 
breast cancer with neuroendocrine differentiation. Breast Care 
(Basel). 2012;7(5):408-410.

SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Ma S-t, Wang D-y, Liu Y-b, 
et al. Prognostic factors of primary neuroendocrine 
breast cancer: A population-based study. Cancer Med. 
2022;11:2533-2540. doi: 10.1002/cam4.4557

https://doi.org/10.3390/ijms21051682
https://doi.org/10.1002/cam4.4557

	Prognostic factors of primary neuroendocrine breast cancer: A population-­based study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Chinese cohort: Patients and variables
	2.2|US cohort: Patients and variables
	2.3|Statistics

	3|RESULTS
	3.1|Clinical characteristics of the cohorts in China and the United States
	3.2|Univariate and multivariate survival analysis of DFS in Chinese patients
	3.3|Survival analysis of overall survival in Chinese and US cohorts

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


