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Background: Breast neuroendocrine carcinoma (NEC) is a rare malignancy with unclear treatment options and
prognoses. This study aimed to construct a high-quality model to predict overall survival (OS) and breast cancer-
specific survival (BCSS) and help clinicians choose appropriate breast NEC treatments.

Patients and methods: A total of 378 patients with breast NEC and 349,736 patients with breast invasive ductal
carcinoma (IDC) were enrolled in the Surveillance, Epidemiology, and End Results (SEER) database between
2010 and 2018. Propensity score matching (PSM) was performed to balance the clinical baseline. Prognostic
factors determined by multivariate Cox analysis were included in the nomogram. C-index and calibration curves
were used to verify the performance of the nomogram.

Results: Nomograms were constructed for the breast NEC and breast IDC groups after PSM. The C-index of the
nomograms ranged from 0.834 to 0.880 in the internal validation and 0.818-0.876 in the external validation,
indicating that the nomogram had good discrimination. The risk stratification system showed that patients with
breast NEC had worse prognoses than those with breast IDC in the low-risk and intermediate-risk groups but had
a similar prognosis that those in the high-risk group. Moreover, patients with breast NEC may have a better
prognosis when undergoing surgery plus chemotherapy than when undergoing surgery alone or chemotherapy
alone.

Conclusions: We established nomograms with a risk stratification system to predict OS and BCSS in patients with
breast NEC. This model could help clinicians evaluate prognosis and provide individualized treatment recom-
mendations for patients with breast NEC.

Introduction

Neuroendocrine carcinoma (NEC) of the breast is a rare tumor type,
accounting for only 2%-5% of breast cancers [1]. Neuroendocrine
breast neoplasms in the 5th Edition of the World Health Organization
(WHO) classification of breast tumors were classified as “neuroendo-
crine tumors” and “neuroendocrine carcinomas”. Key changes were the

exclusion of special histologic types (solid papillary carcinoma and
hypercellular variant of mucinous carcinoma) and the inclusion of large
cell neuroendocrine carcinoma [2]. There have been few clinical studies
on breast NEC, and the number of cases investigated has always been
small owing to its rarity.

Current guidelines do not provide clear recommendations for the
treatment of breast NEC. Clinicians have limited knowledge of NEC and
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Table 1
Clinicopathological factors in different subgroups in breast neuroendocrine carcinoma (NEC).
Neuroendocrine tumor, well- Small cell carcinoma Large cell neuroendocrine Carcinoma with neuroendocrine P
differentiated (n=161) (%) (n=60) (%) carcinoma (n=14) (%) differentiation (n=143) (%) value
Age (years) 0.765
<50 34 (21.1) 13 (21.6) 3(21.5) 24 (16.8)
>50 127 (78.9) 47 (78.4) 11 (78.5) 119 (83.2)
Sex 0.715
Female 158 (98.1) 60 (100) 14 (100.0) 141 (98.6)
Male 3(1.9) 0 (0) 0 (0.0) 2(1.49)
Race 0.173
White 129 (80.1) 46 (76.7) 13 (92.9) 117 (81.8)
Black 22 (13.7) 10 (16.7) 1(7.1) 10 (7.0)
Other 10 (6.2) 4 (6.6) 0(0) 16 (11.2)
Grade 0.001
1 18 (11.1) 1(1.7) 0(0.0) 15 (10.5)
2 142 (88.1) 52 (86.6) 14 (100.0) 125 (87.4)
3 1 (0.6) 7 (11.7) 0(0) 321
Laterality 0.129
Left 77 (47.9) 22 (36.6) 6 (42.8) 78 (54.5)
Right 84 (52.1) 38 (63.4) 8(57.2) 65 (45.5)
Marital 0.250
status
Married 83 (51.6) 35 (58.4) 4 (28.6) 76 (53.1)
Other 78 (48.4) 25 (41.6) 10 (71.4) 67 (46.9)
T stage 0.772
I-1I 127 (78.9) 44 (73.4) 12 (85.7) 112 (78.3)
-1V 34 (21.1) 16 (26.6) 2(14.3) 31 (21.7)
N stage 0.001
0 98 (60.9) 32(53.3) 11 (78.5) 119 (83.2)
I-III 63 (39.1) 28 (46.7) 3(21.5) 24 (16.8)
M stage 0.001
0 135 (83.9) 49 (81.7) 10 (71.4) 87 (60.8)
1 26 (16.1) 11 (18.3) 4 (28.6) 56 (39.2)
Stage 0.001
I-1I 114 (70.8) 35 (58.3) 10 (71.5) 128 (89.5)
II-1v 47 (29.2) 25 (41.7) 4 (28.5) 15 (10.5)
Bone 0.068
Yes 19 (11.8) 6 (10.0) 4 (28.5) 10 (7.0)
No 142 (88.2) 54 (90.0) 10 (71.5) 133 (93.0)
Brain 0.619
Yes 4(2.5) 1(1.6) 0(0.0) 1(0.7)
No 157 (97.5) 59 (98.4) 14 (100.0) 142 (99.3)
Liver 0.317
Yes 8 (5.0) 5(8.4) 2(14.3) 6 (4.2)
No 153 (95.0) 55 (91.6) 12 (85.7) 137 (95.8)
Lung 0.025
Yes 6 (3.7) 6 (10.0) 0(0.0) 2(1.4)
No 155 (96.3) 54 (90.0) 14 (100.0) 141 (98.6)
Subtype 0.001
HR+/ 118 (73.3) 26 (43.4) 11 (78.6) 118 (82.5)
HER2-
HR+/ 3(1.9) 0(0.0) 1(7.1) 10 (7.0)
HER2+
HR-/ 0 (0.0) 1(1.6) 0(0.0) 0 (0.0)
HER2+
HR-/ 40 (24.8) 33 (55.0) 2(14.3) 15 (10.5)
HER2-
ER 0.001
Positive 116 (72.1) 22 (36.7) 12 (85.7) 126 (88.1)
Negative 45 (27.9) 38 (63.3) 2(14.3) 17 (11.9)
PR 0.001
Positive 101 (62.7) 17 (28.4) 10 (71.5) 113 (79.0)
Negative 60 (37.3) 43 (71.6) 4 (28.5) 30 (21.0)
HER2 0.089
Positive 3(1.8) 1(1.6) 1(7.1) 10 (7.0)
Negative 158 (98.2) 59 (98.4) 13 (92.9) 133 (93.0)
Surgery 0.050
Yes 125 (77.6) 48 (80.0) 10 (71.5) 127 (88.8)
No 36 (22.4) 12 (20.0) 4 (28.5) 16 (11.2)
Radiation 0.012
Yes 61 (37.8) 27 (45.0) 3(21.5) 77 (53.8)
No 100 (62.2) 33 (55.0) 11 (78.5) 66 (46.2)
Chemotherapy 0.001
Yes 71 (44.0) 46 (76.6) 6 (42.8) 61 (42.7)
No 90 (56.0) 14 (23.4) 8(57.2) 82 (57.3)
Systemic therapy 0.201
Yes 99 (61.5) 42 (70.0) 9 (64.3) 104 (72.7)
No 62 (38.5) 18 (30.0) 5(35.7) 39 (27.3)

ER: estrogen receptor, HER2: human epidermal growth factor receptor-2, HR: hormone receptors, PR: progesterone receptor.
2
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Table 2
Comparison of the clinical baseline between the neuroendocrine carcinoma (NEC) and invasive ductal carcinoma (IDC) groups before and after propensity score
matching (PSM).

Before PSM After PSM

NEC (%) n=378 IDC (%) n=349736 P value NEC (%) n=327 IDC (%) n=1280 P value
Age (years) 0.511 0.854
<50 74 (19.6) 73284 (21.0) 62 (19.0) 237 (18.5)
>50 304 (80.4) 276452 (79.0) 265 (81.0) 1043 (81.5)
Sex 0.315 0.447
Female 373(98.7) 346769 (99.1) 324 (99.1) 1273 (99.5)
Male 5(1.3) 2967 (0.9) 3(0.9) 7 (0.5)
Race 0.389 1.000
White 305 (80.7) 275509 (78.8) 264 (80.8) 1034 (80.8)
Black 43 (11.9) 39028 (11.2) 39 (11.9) 152 (11.9)
Other 30 (7.9) 35199 (10.0) 24 (7.3) 94 (7.3)
Grade 0.001 0.259
1 34 (9.0) 76721 (21.9) 29 (8.9) 118 (9.2)
2 333(88.1) 272393 (77.9) 291 (89.0) 1149 (89.8)
3 11 (2.9) 622 (0.2) 721 13 (1.0)
Laterality 0.401 0.704
Left 183 (48.4) 176876 (50.5) 152 (46.5) 580 (45.3)
Right 195 (51.6) 172860 (49.5) 175 (53.5) 700 (54.7)
Marital status 0.029 0.695
Married 198 (52.4) 202611 (57.9) 169 (51.7) 646 (50.5)
Other 180 (47.6) 147125 (42.1) 158 (48.3) 634 (49.5)
T stage 0.001 0.073
I-11 295 (78.1) 321279 (91.8) 263 (80.4) 1082 (84.5)
I-1v 83 (21.9) 28457 (8.2) 64 (19.6) 198 (15.5)
N stage 0.710 0.961
0 260 (68.7) 243631 (69.6) 224 (68.5) 875 (68.4)
I-111 118 (31.3) 106105 (30.4) 103 (31.5) 405 (31.6)
M stage 0.001 0.784
0 281 (74.4) 337121 (96.4) 277 (84.7) 1092 (85.3)
1 97 (25.6) 12615 (3.6) 50 (15.3) 188 (14.7)
Stage 0.001 0.122
-1 287 (75.9) 304255 (86.9) 241 (73.7) 995 (77.7)
-1V 91 (24.1) 45481 (13.1) 86 (26.3) 285 (22.3)
Bone 0.001 0.199
Yes 39 (10.3) 7873 (2.3) 37 (11.3) 115 (9.0)
No 339 (89.7) 341863 (97.7) 290 (88.7) 1165 (91.0)
Brain 0.001 0.346
Yes 6(1.6) 781 (0.2) 6(1.8) 15(1.2)
No 372 (98.4) 348955 (99.8) 321 (98.2) 1265 (98.8)
Liver 0.001 0.082
Yes 21 (5.6) 3205 (0.9) 19 (5.8) 47 (3.7)
No 357 (94.4) 346531 (99.1) 308 (94.2) 1233 (96.3)
Lung 0.001 0.255
Yes 14 (3.7) 4088 (1.2) 13 (4.0) 71 (5.5)
No 364 (96.3) 345648 (98.8) 314 (96.0) 1209 (94.5)
Subtype 0.001 0.182
HR+/HER2- 273 (72.2) 249076 (71.3) 230 (70.3) 905 (70.7)
HR+/HER2+ 14 (3.7) 40803 (11.6) 12 (3.7) 77 (6.0)
HR-/HER2+ 1(0.3) 16904 (4.8) 1(0.3) 11 (0.9)
HR-/HER2- 90 (23.8) 42953 (12.3) 84 (25.7) 287 (22.4)
ER 0.001 0.167
Positive 276 (73.1) 286007 (81.7) 233 (71.2) 960 (75.0)
Negative 102 (26.9) 63729 (18.3) 94 (28.8) 320 (25.0)
PR 0.001 0.677
Positive 241 (63.8) 250601 (71.6) 199 (60.9) 795 (62.1)
Negative 137 (36.2) 99135 (28.4) 128 (39.1) 485 (37.9)
HER2 0.001 0.054
Positive 15 (4.0) 57707 (16.5) 13(4.0) 88 (6.9)
Negative 363 (96.0) 292029 (83.5) 314(96.0) 1192 (93.1)
Surgery 0.001 0.520
Yes 310 (82.1) 329303 (94.1) 264 (80.7) 1053 (82.3)
No 68 (17.9) 20433 (5.9) 63 (19.3) 227 (17.7)
Radiation 0.003 0.393
Yes 168 (44.4) 182312 (52.2) 135 (41.3) 562 (44.0)
No 210 (55.6) 167424 (47.8) 192 (58.7) 718 (56.0)
Chemotherapy 0.011 0.863
Yes 184 (48.6) 147655 (42.3) 150 (45.9) 594 (46.4)
No 194 (51.4) 202081 (57.7) 177 (54.1) 686 (53.6)
Systemic therapy 0.001 0.965
Yes 254 (67.2) 265330 (75.8) 214 (65.4) 836 (65.3)
No 124 (32.8) 84406 (24.2) 113 (34.6) 444 (34.7)

ER: estrogen receptor, HER2: human epidermal growth factor receptor-2, HR: hormone receptors, PR: progesterone receptor.
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usually treat it the same way as breast invasive ductal carcinoma (IDC).
Several clinical studies have suggested that the prognosis of patients
with breast NEC is better than that of patients with breast IDC, but there
was no significant difference in prognoses between the two groups
[3-6]. In contrast, other studies have shown that compared with breast
IDC, breast NEC is a more aggressive tumor with a worse prognosis
[7-11]. The factors affecting the prognosis of breast NEC were contra-
dictory in several studies, and the treatment method was controversial
[12,13]. Further research is needed to study the prognosis of breast NEC
and to explore suitable treatment options for breast NEC.

Data of patients with breast NEC and breast IDC were collected from
the Surveillance, Epidemiology, and End Results (SEER) database be-
tween 2010 and 2018. The aim of this study was to compare the clini-
copathological features and outcomes between breast NEC and breast
IDC and to construct nomograms for breast NEC. A high-quality model
for predicting the prognosis of breast neuroendocrine carcinoma was
constructed to help clinicians decide on appropriate treatment methods
in this study.

Methods
Data source and patient selection

Patients” clinicopathological features and survival data were
collected from the SEER database. Since human epidermal growth factor

receptor 2 (HER2) was available after 2010, the SEER database 8.3.8
was queried for patients who were diagnosed with breast IDC and breast

A
—i— IDC
100 o NEC
_—
«
>
o=
>
B
=
w»
— .
= 50
S
L
>
=)
HR=2.955(2.114,4.132)
Log-rank P=0.001
0 T T T T

0 20 40 60 80 100 120
Number at risk Time(months)

IDC 349736 254169 178744114097 58907 13113 0
NEC 378 221 123 76 31 6 0

Overall survival

HR=1.656(1.261,2.175)
Log-rank P=0.001
T

0

0 20 40 60 80 100 120

Number at risk Time(months)

IDC 1280 873 596 379 211 48 0
NEC 327 112 123 70 28 5 0

Translational Oncology 22 (2022) 101467

NEC with complete data from 2010 to 2018. The selection criteria were
based on international classification of diseases (ICD) codes: the study
cohort of breast NEC included patients who had the codes ICD-0-3
8246/3, ICD-0-3 8041/3, ICD-0-3 8013/3, or ICD-0-3 8574/3, and
while patients with IDC had the code ICD-0-3 8500/3. Patients with
unknown or unspecified variable information were excluded.

Patient and clinicopathological characteristics

The variables analyzed in this study included demographic charac-
teristics (age at diagnosis, race, and marital status), disease character-
istics (laterality, histological grade, molecular type, and stage),
treatment characteristics (breast surgery type, chemotherapy, and
radiotherapy), and survival status (survival time and cause of death).
Marital status was categorized into married and unmarried.

Statistical analyses

Propensity score matching (PSM) was performed using logistic
regression with a caliper width of 0.01, without replacement, to balance
the clinical baseline. Age, sex, race, grade, laterality, stage, T stage, N
stage, M stage, surgery, radiation, chemotherapy, subtype, and marital
status were included in the 1:4 PSM analysis. Pearson’s chi-squared test
was used for categorical feature comparisons, and Student’s t-test was
used for continuous feature comparisons. The results of this study were
breast cancer-specific survival (BCSS) and overall survival (OS). Ac-
cording to the cause of death classification in the SEER database, BCSS
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Fig. 1. (A) Overall survival (0S). (B) Breast cancer-specific survival (BCSS) curves plotted using the Kaplan-Meier method for patients diagnosed with breast
neuroendocrine carcinoma (NEC) and invasive ductal carcinoma (IDC) after propensity score matching (PSM). (C) OS (D) BCSS curves plotted using the

Kaplan-Meier method for patients diagnosed with breast NEC and IDC after PSM.
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Table 3
Prognostic factors for overall survival (OS) and breast cancer-specific survival (BCSS) in breast neuroendocrine carcinoma by multivariate analyses.
NEC IDC
oS BCSS oS BCSS
Race HR (95%CI) Pvalue HR (95%CI) Pvalue Race HR (95%CI) Pvalue HR (95%CI) Pvalue
White — — Reference 0.020 White — — Reference 0.050
Black — — 0.488 0.079 Black — — 1.590 0.035
(0.219,1.087) (1.032,2.449)
Other — — 3.286 0.030 Other — — 1.784 0.151
(1.123,9.617) (0.809,3.935)
M stage Marital
0 Reference — — Married Reference — —
1 2.617 0.003 — — Other 1.543 0.003 — —
(1.378,4.970) (1.154,2.064)
Stage T
I-11 — — Reference -1 Reference — —
-1V — — 3.151 0.000 I-1v 1.367 0.093 — —
(1.777,5.589) (0.949,1.969)
Brain Stage
Yes Reference Reference I-11 Reference Reference
No 0.297 0.027 0.124 0.000 II-1v 3.353 0.000 5.759 0.000
(0.101,0.874) (0.040,0.384) (2.247,5.004) (3.755,8.832)
Liver Liver
Yes Reference — — Yes Reference Reference
No 0.416 0.029 — — No 0.461(0.28,0.761) 0.002 0.512 0.012
(0.189,0.915) (0.304,0.863)
ER Lung
Positive Reference Reference Yes Reference Reference
Negative 3.412 0.000 4.032 0.000 No 0.500 0.002 0.502 0.003
(2.088,5.574) (2.142,7.592) (0.324,0.771) (0.319,0.790)
HER2 ER
Positive Reference — — Positive Reference Reference
Negative 0.332 0.042 — — Negative 2.208 0.000 2.318 0.001
(0.115,0.959) (1.471,3.314) (1.419,3.785)
Surgery PR
Yes Reference Reference Positive Reference Reference
No 3.409 0.000 3.748 0.000 Negative 1.631 0.014 1.765 0.022
(1.915,6.067) (2.038,6.893) (1.104,2.410) (1.083,2.874)
Chemotherapy Surgery
Yes — — Reference Yes Reference Reference
No — — 2.172 0.011 No 2.810 0.000 3.744 0.000
(1.191,3.960) (1.996,3.955) (2.458,5.703)
ICDO 0.006 Chemotherapy
Neuroendocrine tumor, — — Reference Yes Reference Reference
well-differentiated
Small cell carcinoma — — 0.795 0.551 No 2.433 0.000 1.668 0.010
(0.374,1.691) (1.766,3.351) (1.131,2.461)
Large cell neuroendocrine — — 1.304 0.591
carcinoma (0.495,3.436)
Carcinoma with — — 4.36 0.007
neuroendocrine (1.505,12.628)
differentiation

CI: confidence interval, HER2: human epidermal growth factor receptor-2, HR: hazard ratio, ICDO: International Classification of Disease for Oncology, OR: odds ratio.

was defined as the time from the date of diagnosis to the date of death
due to breast cancer. The OS was defined as the time from the date of
diagnosis to death from any cause. The survival prognoses of the
different groups were analyzed using Kaplan-Meier plots and log-rank
tests. Patients with breast NEC and IDC after PSM were randomly
divided into training and validation cohorts at a ratio of 3:1. Univariate
and multivariate Cox analyses were used to identify independent prog-
nostic risk factors. All independent risk factors were included in the
nomogram. Internal validation was performed on the training set, and
external validation was performed on the validation set to evaluate the
accuracy of the nomograms. The concordance index (C-index) was used
to measure the model discrimination. Based on nomograms, breast NEC
was classified into low-, intermediate-, and high-risk groups to predict
prognosis.

Analyses were conducted using SPSS statistical software (version
22.0; IBM Corp., Armonk, NY, USA) and packages (including rms, hmisc,
and survival) in R (version 4.0.3; R Foundation for Statistical
Computing, Vienna, Austria). The X-tile software was used to select the
threshold for risk stratification. A two-tailed P < 0.05 was considered

statistically significant.
Results
The incidence and patient characteristics in breast NEC

From 2010 to 2018, the annual incidence of breast NEC was
approximately 1.96-2.37% of the total breast cancer in the SEER data-
base. After excluding patients with unknown factors, 378 were diag-
nosed with breast NEC. According to the WHO, the NEC group can be
divided into four subgroups: neuroendocrine tumor with well-
differentiated, small cell carcinoma, large cell neuroendocrine carci-
noma, and carcinoma with neuroendocrine differentiation) There were
significant differences in clinicopathological factors among the four
subgroups (Table 1). Patients diagnosed with small cell carcinoma
usually had higher rates of lymph node metastasis (46.6%), higher stage
(41.6%), more lung metastasis (10%), and higher rates of hormone re-
ceptors (HR)-/ human epidermal growth factor receptor 2 (HER2)-
(55%), whereas other patients in the NEC group usually had lower rates
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Fig. 2. Nomograms for predicting 3- and 5-year (A) overall survival (OS) and (B) breast cancer-specific survival (BCSS) in patients diagnosed with breast neuro-
endocrine carcinoma. Nomograms for predicting 3— and 5-year (C) OS and (D) BCSS in patients diagnosed with breast invasive ductal carcinoma after PSM.

of HR—/HER2- (10.5-24.8%).

Clinicopathologic features among breast NEC and breast IDC

Data from 378 patients with breast NEC and 349,736 patients with
breast IDC were collected from the SEER database between 2010 and
2018 in this study. The clinicopathological differences in patients
diagnosed with breast NEC and IDC are shown in Table 2. Patients
diagnosed with breast NEC had a higher stage, larger tumor size, more
metastases, and a lower rate of HER2+ (all P < 0.05). The mean breast
NEC size was 26 mm, whereas the mean breast IDC size was 14 mm.
Fewer patients diagnosed with breast NEC underwent surgery (82.1%
vs. 94.1%) than those with breast IDC. Compared with patients who
were diagnosed with breast IDC, those with breast NEC were more likely
to choose chemotherapy (48.6% vs. 42.3%) and less likely to receive
radiotherapy (44.4% vs. 54.2%).

Survival analyses

A total of 327 patients with breast NEC and 1280 patients with breast

IDC were included after PSM. There was no significant difference in the
clinical baseline between the breast NEC and IDC groups after PSM
(Table 2). The median follow-up time was 25 months in the breast NEC
group (interquartile range [IQR], 10-51 months) and 37.5 months in the
breast IDC group (interquartile range [IQR], 15-66 months) after PSM.

Patients diagnosed with breast NEC had worse OS (hazard ratio
[HR] = 2.955, 95% confidence interval [CI] 2.114-4.132, P < 0.001)
and BCSS (HR = 4.293, 95% CI 2.743-6.720, P < 0.001) than those
diagnosed with breast IDC before PSM (Fig. 1A and B). The 60-month OS
rates in the breast NEC and breast IDC groups were 65.9% and 84.4%,
respectively, while the 60-month BCSS rates were 71.6% and 90.9%,
respectively. Patients diagnosed with breast NEC still showed poorer
clinical outcomes (OS, HR = 1.656, 95% CI 1.261-2.175, P = 0.002;
BCSS, HR = 1.988, 95% CI 1.440-2.744, P = 0.001) than patients
diagnosed with breast IDC after PSM (Fig. 1C and D). The 60-month OS
rates in breast NEC and IDC were 64.8% and 74.2%, respectively, after
PSM. The 60-month BCSS rates in breast NEC and IDC were 70.6% and
81.6%, respectively, after PSM.
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Table 4
Clinical variable scores in each nomogram.
NEC IDC
oS BCSS oS BCSS
Race Race
White 40 37 White 0 0
Black 0 0 Black 26 26
Other 100 100 Other 10 31
M Marital
0 0 0 Married 0
1 42 28 Other 33 12
Stage T
I-1I 0 0 I-11 0
-1V 35 39 II-1v 26 15
Brain Stage
Yes 72 77 I-11 0 0
No 0 0 m-1v 100 100
Liver Liver
Yes 35 23 Yes 66 41
No 0 0 No 0 0
ER Lung
Positive 0 0 Yes 61 48
Negative 92 76 No 0 0
HER2 ER
Positive 72 52 Positive 0 0
Negative 0 0 Negative 67 53
Surgery PR
Yes 0 0 Positive 0 0
No 72 62 Negative 40 33
Chemotherapy Surgery
Yes 0 0 Yes 0 0
No 44 42 No 86 78
ICDO Chemotherapy
Neuroendocrine tumor, well- 0 0 Yes 0 0
differentiated
Small cell carcinoma 19 23 No 78 33
Large cell neuroendocrine carcinoma 60 60
Carcinoma with neuroendocrine 10 6

differentiation

BCSS: breast cancer-specific survival, HER2: human epidermal growth factor
receptor-2, ICDO: International Classification of Disease for Oncology, IDC:
invasive ductal carcinoma, NEC: neuroendocrine carcinoma, OS: overall
survival.

Prognostic factors

After PSM, the patients were randomly divided into training and
validation groups (3:1). Multivariate COX was used to explore the
prognostic risk factors (Table 3). In the breast NEC group, M stage, brain
metastases, liver metastases, estrogen receptor (ER) status, human
epidermal growth factor receptor-2 (HER2) status, and surgery were
prognostic risk factors for OS, whereas race, stage, brain metastases, ER
status, surgery, chemotherapy, and International Classification of Dis-
ease for Oncology (ICDO) were prognostic risk factors for BCSS. In the
breast IDC group with pathological factors similar to those in the breast
NEC group, race, marital status, T status, stage, liver metastases, lung
metastases, ER status, progesterone receptor (PR) status, surgery, and
chemotherapy were prognostic risk factors for OS. Race, stage, liver
metastases, lung metastases, ER status, PR status, surgery, and chemo-
therapy were prognostic risk factors for BCSS.

Construction of nomograms and validation

According to the results of the multivariate Cox analysis (Table 3), 10
variables were incorporated into nomograms to predict the 3-and 5-year
OS and BCSS for patients who were diagnosed with breast NEC (Fig. 2A
and B). In addition, 10 variables were incorporated into nomograms to
predict the 3-and 5-year OS and BCSS for patients who were diagnosed
with breast IDC (Fig. 2C and D). Scores were assigned to each variable
according to the point scale of each nomogram (Table 4). By evaluating
the clinical factors of the patients, the sum of the scores could predict the
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3- or 5-year OS and BCSS.

The credibility of the nomograms was judged through internal and
external verifications of the training and verification sets. The C-index
of the four nomograms ranged from 0.834 to 0.880 in the internal
validation and from 0.818 to 0.876 in the external validation (Supple-
mentary Table 1). Calibration curves for the 3-and 5-year OS and BCSS
predictions showed good coordination between the predictions of the
model and the observed outcomes (Fig. 3). Both internal and external
validations demonstrated sufficient accuracy of the models.

Prognosis in risk stratification group

To better study the prognosis of breast NEC and IDC patients with
similar clinicopathological factors, a risk classification was constructed
using nomograms. After PSM, 327 patients diagnosed with breast NEC
and 1280 patients diagnosed with breast IDC were divided into different
risk stratification groups based on nomogram scores (Table 2). The score
range in the risk stratification model was defined as low-risk (total score
0-154), intermediate-risk (total score 155-230), and high-risk (total
score >230) in the NEC group. In the breast IDC group, the score range
in the risk stratification model was defined as low-risk (total score
0-140), intermediate-risk (total score 141-315), and high-risk (total
score >315). The prognoses of the three risk groups for breast NEC and
breast IDC could be distinguished significantly by the model (Supple-
mentary Fig. 1). As shown in the Kaplan-Meier plots (Fig. 4), there were
no significant differences in OS (HR = 1.427, 95% CI 0.881-2.314, P =
0.104) and BCSS (HR = 1.387, 95% CI 0.827-2.326, P = 0.140) between
patients diagnosed with breast NEC and breast IDC in the high-risk
group. Patients diagnosed with breast NEC had worse prognoses than
patients diagnosed with breast IDC in both the low- and intermediate-
risk groups (all P < 0.05).

Choice of treatment

According to the nomograms, it was difficult to change the clinico-
pathological factors (race, M stage, T stage, stage, brain metastases, liver
metastases, lung metastases, ER status, HER2 status, ICDO, and marital
status). The only factors that can be modified by clinicians are surgery
and chemotherapy. Clinicians usually treat patients diagnosed with
breast NEC according to guidelines for breast IDC. According to the risk
stratification, we found that the prognostic relationship of each group
was as follows (Fig. 5): IDC low-risk > NEC low-risk > IDC intermediate-
risk > NEC intermediate-risk > IDC high-risk ~ NEC high-risk (>: P <
0.05, ~:P > 0.05). Surgery or chemotherapy can be changed to change
the risk group for patients diagnosed with breast NEC to obtain a better
prognosis. After adjusting for pathological factors other than surgery
and chemotherapy, we found that different treatment modalities could
affect the outcomes in patients with breast NEC (Fig. 6). Patients diag-
nosed with breast NEC who underwent surgery and chemotherapy could
have better OS than patients diagnosed with breast NEC who chose other
treatments (Supplementary Table 2, all P < 0.05).

Discussion

Neuroendocrine carcinoma of the breast is a rare type of cancer. In
recent years, the study with the largest number of NEC cases included
361 patients between 2003 and 2016, but it lacked data on the expres-
sion of HER2 [14]. Due to the small number of NEC cases and few
available reports in the literature, clinicians have limited knowledge of
breast NEC and may may misdiagnose as IDC. However, several studies
have reported that the pathological features and prognosis of breast NEC
and IDC are different. Large cell neuroendocrine carcinoma was added
to neuroendocrine breast neoplasms in the 5th Edition of the World
Health Organization (WHO) in 2019 [2]. Only seven cases of large-cell
neuroendocrine carcinoma of the breast have been reported [15-21].
There are few recent reports on breast NEC including large sample sizes.
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and blue error bars represent the 95% confidence intervals of these estimates.

Also, large cell NEC has been newly added, which makes it necessary to
re-study breast NEC. In this study, the clinicopathological features and
outcomes between breast NEC and breast IDC, 378 patients with breast
NEC and 349,736 cases with breast IDC were identified from the SEER
database between 2010 and 2018 and described.

Compared with patients diagnosed with breast IDC, patients diag-
nosed with breast NEC had higher stages, larger tumor sizes, and more
metastases in this study, which was consistent with previous research
[22]. Here, the mean age of NEC patients was 63 years, which was
consistent with previous studies which showed that most patients were
postmenopausal [23-25]. Patients diagnosed with small cell carcinoma
had higher rates of HR—/HER2- compared with the other subgroups
(neuroendocrine tumor with well-differentiated, large cell neuroendo-
crine carcinoma, and carcinoma with neuroendocrine differentiation).
Overall, patients with breast NEC had a higher HR+/HER2- ratio than
patients with breast IDC, which was similar to previous findings [6,26,
27]. Patients with breast NEC and IDC had different treatment choices.
Patients with breast NEC preferred chemotherapy to surgery, which may
be related to the high stage of breast NEC.

Patients diagnosed with breast NEC showed poorer clinical outcomes
than patients diagnosed with breast IDC both before. The poor prognosis

of NEC may be due to its more aggressive clinicopathological factors,
which is similar to the results of several studies [7-11]. A retrospective
analysis including 43 NEC cases from Oulu and Helsinki University
Hospitals in 2007-2015 reported that the relapse-free survival,
disease-free survival, and OS of breast NEC were worse than those of
breast IDC [7]. A retrospective analysis from China that studied 107
patients with breast NEC found that patients with breast NEC were more
likely to have a local recurrence and poor OS [9]. A retrospective
analysis that included 68 NEC patients from the University of Texas M.
D. Anderson Cancer Center found that NEC showed a more aggressive
course than IDC, with a higher propensity for local and distant recur-
rence, and poorer OS [9]. However, several studies have reported con-
flicting results. A study reported 12 cases of breast NEC, and none of
them died from breast cancer after a median follow-up period of 51
months [3]. A retrospective analysis of 89 patients with breast NEC from
1985 to 2010 reported that breast NEC showed less aggressive clinical
behavior [4]. A retrospective analysis that included 96 NEC patients
from 1992 to 2013 found that the 10-year OS was 87% [5], which was
significantly different from our study. In addition, a retrospective
analysis that included 128 patients with breast cancer from Sacro Cuore
Hospital between 2000 and 2012 reported that the outcome of breast
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Fig. 4. The prognosis of patients in the risk stratification groups. (A) breast cancer-specific survival (BCSS) in the low-risk group. (B) BCSS in the intermediate-risk
group. (C) BCSS in the high-risk group. (D) overall survival (OS) in the low-risk group. (E) OS in the intermediate-risk group. (F) OS in the high-risk group.

NEC was similar to that of IDC. The prognosis of breast NEC remains
controversial according to several studies, which may be due to small
sample sizes and inconsistent clinical factors in the population included
in analyses. Several patient and clinical factors (including age, grade,
tumor size, stage, chemotherapy, surgery, and Ki-67) and social factors

(medical level and economic situation) would affect the prognosis of
breast NEC [13].

Moreover, current guidelines do not clearly stipulate the treatment of
patients with breast NEC. Clinicians may treat breast NEC based on their
experience, which may lead to different treatment methods for patients
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with breast NEC in different regions. The suitable treatment for breast
NEC is currently controversial, and clinicians usually refer to treatment
plans for breast IDC to treat breast NEC according to age, subtype, stage,
and 21 genes [26,28]. In this study, we constructed high-quality no-
mograms to predict the prognosis of patients diagnosed with breast NEC.
In addition, we constructed nomograms for patients diagnosed with
breast IDC who had similar clinicopathological factors to breast NEC to
predict whether it was suitable for clinicians to treat breast NEC, similar
to breast IDC. We divided the patients into low-, intermediate-, and
high-risk groups based on the total score. The only factors that could
have been changed were surgery and chemotherapy. For example, in a
female patient who was white, T4ANOM1, lung metastases, unmarried,
ER+, PR+, HER2—, neuroendocrine tumor with well-differentiated, cli-
nicians may not be able to administer chemotherapy according to the
treatment for breast IDC. The score of this patient in the breast IDC
group was 298 (intermediate-risk), and 189 in breast NEC (inter-
mediate-risk). The prognosis of patients diagnosed with breast NEC was
worse than that of patients diagnosed with breast IDC, even if they had
the same clinicopathological factors. If we chose chemotherapy and
surgery, the score of the patient was 117 (low-risk), which may be better
than simply treating them as breast IDC. In this study, we found that
patients with NEC who received surgery and chemotherapy had better
outcomes than those who received surgery or chemotherapy alone.

10

This study had several limitations that may have influenced the re-
sults. Although the annual incidence of breast NEC was approximately
1.96-2.37% of the total breast cancer cases in the SEER database, most
of these patients lacked key information such as TNM stage, molecular
type, and treatment options. Our study included only 327 patients with
complete information, which may have affected our results. Ki-67 could
influence the clinical outcome and is an important clinicopathological
feature for clinicians to choose suitable treatment [26], which was not
recorded in the SEER database. The recurrence-free survival rate is
important for evaluating tumor invasiveness. However, due to the lack
of recurrence information in the SEER database, our study did not
analyze the recurrence-free survival rate. The SEER database also lacks
information on endocrine therapy and specific chemotherapy regimens.
According to the literature, small cell carcinoma is treated using the
same chemotherapy regimen as small cell lung carcinomas, which are
similar in terms of clinical, histological, and morphological features.
However, this is different from the chemotherapy regimen used in
non-small cell carcinomas [26]. The existence of these shortcomings
may lead to limitations in the research results, highlighting the need for
high-quality prospective studies.
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Conclusion

Patients with breast NEC have a worse prognosis than patients with
breast IDC. Nomograms were constructed to predict the 3- and 5-year OS
and BCSS in patients with breast NEC, which had a good predictive
performance. This could help clinicians evaluate the prognosis of pa-
tients and choose appropriate treatment methods. Patients diagnosed
with breast NEC who undergo surgery and chemotherapy may have a
better prognosis than those who undergo surgery or chemotherapy
alone.
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