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a b s t r a c t

Objectives: To explore the clinicopathological features and prognosis of breast cancer with special his-
tological types.
Materials and methods: The information of breast cancer patients was obtained from the Surveillance,
Epidemiology, and End Results (SEER) database (2010e2016). Comparative analyses were performed to
explore the difference in clinicopathological characteristics and propensity score matching (PSM) was
used to weaken the effects from clinical profiles. Survival analysis was conducted to investigate the
prognostic effects from histological types, and the prognostic factors of this group of patients were
identified with the univariate COX proportional model.
Results: A total of 242863 breast cancer patients were eligible, of which 230213 individuals were ductal
breast cancer (IDC) and 12650 individuals were special breast lesions, respectively. Comparatively,
special breast cancer had a lower histological grade, a smaller tumor size, a lower proportion of nodal
involvement and distant metastasis, in addition to a higher proportion of triple-negative subtype. The
overall prognosis of special histological breast cancer was comparable to IDC, while the survival of HER2
enriched breast cancer was in favor of special breast cancer. With the PSM performance, the prognosis
exhibited an inferior profile in the metaplastic breast cancer and was significantly favorable to apocrine,
medullary, micropapillary, and papillary breast cancer.
Conclusion: This study revealed that the special histological breast cancer presented distinct clinico-
pathological characteristics and great heterogeneity in the prognosis among diverse histological
subtypes.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer is a heterogenous disease, varying from clinical
presentation to molecular features, and tends to exhibit potentially
distinct prognosis [1]. Among the integrity of histological subtypes
for the cancer of the breast, ductal breast cancer (IDC) is the most
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common histological type, which occupymore than 75% proportion
of the entire population [2].

Breast cancer with unusual histological types is a kind of specific
breast cancer, which were estimated in a low prevalence and
consists of diverse categories with a beyond standard number ac-
cording to different guidelines, and at least eighteen histological
types were currently presented and remained updated with the in-
depth understanding and advances in molecular pathology [3].
Previous studies have managed to discuss the clinical features and
prognosis of special histological breast cancer [4e7]. However,
most of them were studies that merely contained a limited cohort
adopted in a single medical institution, of which the characteristics
of clinical profiles and prognosis could be discordant, or primarily
focused on a specific category of breast lesions. Moreover, because
of the relatively lower prevalence of special histological breast
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cancer, presented studies primarily centered on the breast cancer
with common histological types, and this group of unusual patients
were not systematically investigated on the basis of sufficient
clinical data to present the specific biological features and clinical
behaviors [8e15].

Herein, we did this study to portray the clinicopathological
characteristics and discuss the underlying prognostic indicators
and outcomes, with the aim of shedding light on the treatment and
providing potential benefit for the patients with special histological
breast cancer in clinical practice.

2. Materials and methods

2.1. Population

A retrospective study was conducted using the Surveillance,
Epidemiology, and End Results (SEER) database, of which the breast
cancer dataset (2010e2016, November 2018 submission) was
retrieved for the following cohort selection and eligibility assess-
ment. The inclusion criteria were as follows: (1) female; (2) breast
cancer with confirmation of positive histopathology. Patients were
ruled out if the population demographics and clinicopathological
information were incomplete. Clinicopathological characteristics
adopted into analyses consisted of age at diagnosis, race, histo-
logical grade, tumor size, nodal status, distant metastases, post-
operative TNM staging, molecular subtypes, surgical performance,
the receipt of radiotherapy, and the chemotherapeutic delivery.

2.2. Outcomes

In this study, special histological types of breast cancer (special
breast cancer) were defined as the positively confirmed histo-
pathological classifications arising from breast other than ductal or
lobular breast carcinoma. According to SEER terminology, molec-
ular subtypes were categorized into four varieties, including hor-
monal receptor (HR) positive/human epithelial growth factor
receptor 2 (HER2) negative (luminal A), HR-negative/HER2-positive
(luminal B), HR-negative/HER2-positive (HER2), and HR-negative/
HER2-negative (TN). Overall survival (OS) was the interval from
the diagnosis of breast cancer to the death caused by any reasons or
the last follow-up. The American Joint Committee on Cancer (AJCC)
7th guideline was followed to examine the TNM staging of breast
cancer.

2.3. Statistical analysis

The comparative analyses of population demographics and
clinicopathological characteristics from IDC and special breast
cancer were performed using Pearson Chi-square and Fishers’ exact
probability tests for qualitative data and t-test or Wilcoxon rank
test for quantitative data on normal and abnormal distribution,
respectively. Propensity score matching (PSM) was conducted to
calibrate the objective differences in characteristics at baseline of
breast cancer groups. Survival outcomes were compared using
Kaplan-Meier method with log-rank tests, and the prognostic fac-
tors of special breast cancer were identified with the univariate
COX proportional model. All statistical analyses were two-sided
and conducted by SPSS version 26.0 and R software (3.6.4).

3. Results

A total of 242863 breast cancer patients diagnosed as breast
cancer was eligible, of which 230213 individuals were IDC and
12650 individuals were special breast lesions, respectively. There
were eight groups of histological breast cancer subtypes identified
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in this study, including the adenoid cystic, apocrine, medullary,
metaplastic, micropapillary, mucinous, papillary, and tubular breast
cancer. Population demographics and clinicopathological charac-
teristics of identified participants were presented in Table 1 and
Table S1.

3.1. Demographics and clinicopathological characteristics

Substantial differences were detected in the demographics and
clinicopathological characteristics. Themedian age of two groups of
patients was 60.99 and 64.24 years (P < 0.0001), and the proportion
of the white race was relatively lower in special breast cancer (the
white race, 77.7% vs. 79.3%, P < 0.0001). In comparisons with IDC,
special breast cancer had a lower histological grade (III-IV, 23.1% vs.
36.4%, P < 0.0001), a smaller tumor size (>5 cm, 8.1% vs. 8.3%,
P < 0.0001), a lower nodal involvement (N0, 85.3% vs. 71.0%,
P < 0.0001), and a lower rate of de novo stage IV disease (M1, 1.9 vs.
4.0%, P < 0.0001), while the proportion of TN subtype was signifi-
cantly higher in patients with special breast cancer (TN, 16.2% vs.
12.7%, P < 0.0001). Concerning therapeutic options, the receipt of
both systemic and local treatment was consistently lower in the
patients with special breast cancer, including radiotherapy (48.1%
vs. 50.6%, P < 0.0001), and chemotherapy delivery (26.9% vs. 41.7%,
P < 0.0001).

Regarding the specific subtypes, patients with special histolog-
ical breast cancer tended to present an aged trend than those with
IDC. Histological grade of IDC was significantly higher than that of
medullary breast cancer (III-IV, 94.5% vs. 36.4%, P < 0.0001) and
metaplastic breast cancer (III-IV, 82.7% vs. 36.4%, P < 0.0001), while
was relatively lower than that of adenoid cystic breast cancer (III-IV,
13.9% vs. 36.4%, P < 0.0001), mucinous breast cancer (III-IV, 4.0% vs.
36.4%, P < 0.0001), and tubular breast cancer (III-IV, 0.5% vs. 36.4%,
P < 0.0001). Tumor size of IDC tended to be increased in compar-
isons with tubular breast cancer (>5 cm, 0.8% vs. 8.3%, P < 0.0001),
yet relatively shrank than that of metaplastic breast cancer (>5 cm,
23.6% vs. 8.3%, P < 0.0001). Nodal involvement of IDC was greatly
frequent than that of adenoid cystic breast cancer (N0, 97.0% vs.
71.0%, P < 0.0001), mucinous breast cancer (N0, 92.2% vs. 71.0%,
P < 0.0001), papillary breast cancer (N0, 90.0% vs. 71.0%,
P < 0.0001), and tubular breast cancer (N0, 96.2% vs. 71.0%,
P < 0.0001), while was less common than that of micropapillary
breast cancer (N0, 54.6% vs. 71.0%, P < 0.0001). The proportion of TN
breast cancer were dramatically higher in adenoid cystic breast
cancer (TN, 74.8% vs. 12.7%, P < 0.0001), apocrine breast cancer (TN,
52.4% vs. 12.7%, P < 0.0001), medullary breast cancer (TN, 57.3% vs.
12.7%, P < 0.0001), and metaplastic breast cancer (TN, 68.6% vs.
12.7%, P < 0.0001).

3.2. Prognosis

The OS of special breast cancer and IDC was 74.11 m (95%CI,
73.68me74.53 m) and 73.93 m (95%CI, 73.83me74.02 m) respec-
tively with no statistical difference (P ¼ 0.38), while a great het-
erogeneity was detected among the identified histological subtypes
of breast cancer (P < 0.0001) (Fig. 1a and b). Regarding the prog-
nosis of molecular types, the OS was significantly improved in
special breast cancer with the subtypes of HER2 (mOS, 74.88 m vs.
71.21 m, P ¼ 0.02), however, no statistical difference was revealed
between two groups of patients with luminal A, luminal B, and TN
subtypes (Fig. 2aed).

Concerning the specific categories, the prognosis of luminal A
breast cancer, in comparisons with IDC, was profoundly better with
tubular type (mOS, 79.57 m vs. 75.32 m, P < 0.0001), while was
worse with metaplastic (mOS, 62.73 m vs. 75.32 m, P < 0.0001) and
apocrine category (mOS, 69.95mvs. 75.32m, P¼ 0.005). This result



Fig. 1. Comparative analysis for the prognosis of IDC and special breast cancer with overall survival (OS) (a) and respective OS (b). IDC ¼ ductal breast cancer; Special ¼ special
breast cancer.
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was in consistent with that of luminal B subtype, which the OS of
metaplastic breast cancer was apparently reduced in metaplastic
breast cancer (mOS, 58.26 m vs. 74.20 m, P ¼ 0.005). Prognosis of
IDC was consistently worse in HER2 subtype with mucinous his-
tological type (mOS, 81.42 m vs. 71.27 m, P ¼ 0.025), and in TN
subtype with adenoid cystic type (mOS, 76.31 m vs. 67.09 m,
P < 0.0001), apocrine type (mOS, 71.82 m vs. 67.09 m, P ¼ 0.003),
medullary type (mOS, 75.84 m vs. 67.09 m, P < 0.0001). However,
the survival of metaplastic breast cancer with TN subtype was
obviously worse than that of IDC (Table S2).

The prognostic indicators were explored on the basis of a uni-
variate COX regression analysis, which suggested that age at diag-
nosis (P < 0.0001), race (P < 0.0001), histological grade (P< 0.0001),
nodal status (P ¼ 0.026), distant metastasis (P < 0.0001), and mo-
lecular subtype (P < 0.0001) were the vital factors for the survival of
special breast cancer. Besides, therapeutic performance, including
surgery (P < 0.0001), radiotherapy (P < 0.0001), chemotherapy
(P < 0.0001), exerted a significant influence on the prognosis of
patients with special breast cancer (Table 2).

To further eliminate the variations at baseline, we did a PSM in a
1:5 ratio to illustrate the effects from histological types on prog-
nostic outcomes. The curated clinicopathological characteristics
and treatment options were demonstrated in Tables S3e10 and
were well balanced. The survival of metaplastic breast cancer was
significantly shortened in comparisons with IDC (mOS, 62.26 m vs.
66.39 m, P < 0.0001), while apocrine (mOS, 72.40 m vs. 69.90 m,
P ¼ 0.031), medullary (mOS, 76.86 m vs. 73.01 m, P < 0.0001),
micropapillary (mOS, 75.53 m vs. 73.52 m, P¼ 0.005), and papillary
breast cancer (mOS, 75.77 m vs. 73.52 m, P ¼ 0.030) consistently
exhibited prognostic advantages over IDC (Fig. 3aeh). With regard
to the prognosis associated with molecular subtypes, an obvious
decreased survival was detected in the metaplastic breast cancer
with luminal A (mOS, 62.73 m vs. 70.81 m, P < 0.0001) and TN
subtype (mOS, 61.70 m vs. 63.90 m, P ¼ 0.037), while an identical
tendency with a favorable survival was demonstrated in the med-
ullary breast cancer with luminal A (mOS, 77.65 m vs. 74.69 m,
P¼0.015) and TN subtype (mOS, 75.74 m vs. 70.56 m, P < 0.0001).
Survival outcomes from comparative analysis were presented in
Table S11.
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4. Discussion

To our knowledge, this is the first study that systematically
discusses the clinical features and prognosis of breast cancer with
special histological types. Our study overall presented the charac-
teristics and survival outcomes of special breast cancer, and
comprehensively compared the differences in the features between
IDC and special breast lesions.

To explore the distinctions in clinicopathological profiles, we
firstly performed a comparative analysis of features from the co-
horts with IDC and special breast cancer. On the basis of the
identified cohort with a considerable size, our study revealed that
profound differences existed through the group of clinicopatho-
logical variables between the two cohorts, including age at diag-
nosis, race, pathological TNM staging, molecular subtypes, and
therapeutic options. An aging trend was revealed through the
comparisons, which indicated that patients diagnosed as special
breast cancer were approximately four years later than that with
IDC. Besides, it was obvious that the percentage of the white race
was relatively higher in the IDC, while the black and Asian Amer-
ican people held a larger proportion in special breast cancer.
Regarding clinicopathological factors, special breast cancer tended
to present less aggressiveness of biological behaviors, which
exhibited the relatively lower histological grade and TNM staging.
However, the proportion of TN breast cancer with special histo-
logical subtypes was significantly higher than that of IDC. Con-
cerning treatment options, patients with special histological breast
cancer were less accessible to therapeutics, with a lower rate of the
performance of both systemic and local treatment, and could be the
cause of the prognostic discrepancy.

Our study suggested that the heterogeneity apparently existed
in the prognosis of special breast cancer. Overall, there was no
apparent discrepancy in the prognosis of IDC and special breast
cancer, which was paradoxically inconsistent with the previous
understanding of the excellent prognosis from the breast cancer
with special histological subtypes [16]. Although there was no
significant difference was acquired from overall comparative
analysis, substantial heterogeneity was revealed from the following
respective comparisons, which promoted us to further explore the



Fig. 2. Comparative analysis for the prognosis in regard to molecular subtypes including luminal A (a), luminal B (b), HER2 enriched (c), and triple-negative breast cancer (d).
IDC ¼ ductal breast cancer; Special ¼ special histologic breast cancer; TN ¼ triple-negative breast cancer.
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potential factors resulting in these discrepancies. To clarify the
differences in survival associated with molecular features, we did
analyses toward distinct subtypes, of which the results were sug-
gestive of a definite prognostic divergence lying in the HER2 sub-
type while no difference was revealed in the endocrine-related and
TN breast cancer. This finding was inconsistent with the previous
studies, which could be the consequences of distinct taxonomy for
breast cancer pathology [17]. We also explored the prognostic in-
dicators, of which the results suggested that age at diagnosis, race,
histological grade, nodal status, distant metastasis, molecular
subtypes, and the delivery of treatment could exert a significant
effect on the prognosis of special breast cancer.

With the aim of eliminating the great variations of clinical
profiles, accordingly, we performed PSM analyses and the effects,
from the specific histological subtypes, on survival were succes-
sively discussed. Results demonstrated that the prognosis of the
metaplastic breast cancer was comparatively worse than that of
IDC, while a favorable survival was detected in the apocrine,
medullary, micropapillary, and papillary breast cancer. These re-
sults were accordant with the findings retrieved by the previous
studies regarding the prognostic outcomes associated with histo-
logical types, however, paradoxically, to some extent inconsistent
with the believe that the prognosis of invasive breast cancer with
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special histological types was considered as better than that of
special breast cancer, and the distinct survival outcomes estimated
from the prior research [4,18e21].

This study confirmed the clinicopathological and prognostic
distinctions among histological subtypes, of which the evidence
was promising in serving the clinical practice. However, compre-
hensive and precision treatment for breast cancer should integrate
comprehensive features to improve prognosis and provide
increasing survival benefits for patients. The research discussing
the correlations between histologic subtypes and clinical efficacy
has emerged and initially presented the associations with drug
response [22,23]. Since the long-term believe that histological
types were the consequence of origins from the distinct microan-
atomical structures of breast tissue was challenged, the hypothesis
that the molecular features promoted the diverse differentiation
which contributed to the following phenotypes has been gradually
illustrated [24e26]. By virtue of high-throughput and microarray-
based technologies, the genome and transcriptome features of 11
special histological types of breast cancer have been investigated, of
which the findings indicated that the molecular heterogeneity
should take into consideration for the amelioration of the histo-
pathological taxonomy for breast cancer [3]. With the identification
of novel biomarkers and the development of promising



Fig. 3. Comparative analysis for the prognosis of IDC and special breast cancer after 1:5 propensity score matching analysis. IDC ¼ ductal breast cancer.
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Table 1 (continued )

Variables IDC (N ¼ 230213) Special breast cancer
(N ¼ 12650)

P value

No Percent (%) No Percent (%)

T3 10796 4.7 711 5.6
T4 8243 3.6 327 2.5

N stage <0.0001
N0 163359 71.0 10787 85.3
N1mi 6070 2.6 172 1.4
N1 43131 18.7 1174 9.3
N2 10982 4.8 298 2.4
N3 6671 2.9 219 1.7

M stage <0.0001
M0 221060 96.0 12406 98.1
M1 9153 4.0 244 1.9

pTNM <0.0001
I 126639 55.0 7657 60.5
II 72481 31.5 3983 31.5
III 21961 9.5 766 6.1
IV 9132 4.0 244 1.9

Subtype <0.0001
LuminalA 162693 70.7 9578 75.7
LuminalB 26501 11.5 685 5.4
HER2 11735 5.1 338 2.7
TN 29284 12.7 2049 16.2

Surgery <0.0001
Yes 217567 94.5 12200 96.4
No 12646 5.5 450 3.6

Radiotherapy <0.0001
Yes 116589 50.6 6085 48.1
No/Unknown 113624 49.4 6565 51.9

Chemotherapy <0.0001
Yes 96005 41.7 3408 26.9
No/Unknown 134208 58.3 9242 73.1

Table 2
Univariate COX regression analysis of the prognostic factors of special breast cancer.

Variables Overall survival

HR (95%CI) P value

Age <0.0001
�40 years Reference
40e65 years 1.40 (0.98e2.00) 0.061
�65 years 3.62 (2.56e5.14) <0.0001

Race <0.0001
White Reference
Black 1.29 (1.12e1.49) <0.0001
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therapeutics, the implications of histological subtypes are supposed
to be broadly investigated and further enriched.

There were some inevitable limitations in this study. For start-
ers, the histological subtypes of breast neoplasms included in our
research was undergone selected, of which the clinicopathological
features were complete, and the eligible classifications might not
be identical to the system for the histotype of breast cancer rec-
ommended byWHO [27]. Besides, a few prognostic indicators, such
as Ki67 index or intravascular invasion, are not recorded in this
publicly available database and, consequently, could not adopt into
analyses, which could create discrepancies in the rountinary clas-
sifications of molecular subtypes like luminal B as well as weaken
the power of this study. Last, confirmation of histological type was
according to the leading components, of which constituted more
than 90% could be diagnosed, and chances were that histological
profiles tend to comprise a mixture of histotypes under the
circumstance that there was no immunohistochemical panel result
recorded in the SEER database. This ‘none-pure’ possibility could
latently add bias into our study.

In conclusion, our study suggested that breast cancer with
special histological types demonstrated distinct clinicopathological
characteristics and heterogeneous prognosis among diverse histo-
logical categories. The heterogeneity of breast cancer with distin-
guished pathological profiles is warranted to be explored in the
upcoming practice.
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Appendices
Table 1
The population demographics and clinicopathological characteristics at baseline of
cohort.

Variables IDC (N ¼ 230213) Special breast cancer
(N ¼ 12650)

P value

No Percent (%) No Percent (%)

Age 60.99 64.24 <0.0001
Race <0.0001
White 181539 79.3 9772 77.7
Black 25498 11.1 1597 12.7
Other 21970 9.6 1212 9.6

Grade <0.0001
Grade1 49583 21.5 5820 46.0
Grade2 97036 42.2 3912 30.9
Grade3 82997 36.1 2844 22.5
Grade4 597 0.3 74 0.6

T stage <0.0001
T0 66 <0.01 5 <0.01
T1 146043 63.4 8111 64.2
T2 65065 28.3 3496 27.6

(continued on next page)

Other 0.70 (0.56e1.87) 0.001
Grade <0.0001
Grade1 Reference
Grade2 1.07 (0.93e1.22) 0.364
Grade3 1.70 (1.48e2.05) <0.0001
Grade4 1.51 (0.96e2.38) 0.078

T stage <0.0001
T0 Reference
T1 8.94 (0.09e11.95) 0.734
T2 9.46 (0.40e11.68) 0.731
T3 14.90 (0.42e22.66) 0.705
T4 18.55 (0.73e33.11) 0.693

N stage 0.026
N0 Reference
N1mi 1.09 (0.90e1.33) 0.375
N1 1.10 (0.66e1.84) 0.713
N2 1.44 (1.03e2.00) 0.033
N3 1.28 (0.94e1.73) 0.119

M stage <0.0001
M0 Reference
M1 5.08 (3.32e7.78) <0.0001

pTNM <0.0001
I Reference
II 1.68 (1.22e2.31) 0.001

(continued on next page)
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Table 2 (continued )

Variables Overall survival

HR (95%CI) P value

III 2.63 (1.71e4.04) <0.0001
IV 4.18 (2.96e8.34) <0.0001

Subtype <0.0001
LuminalA Reference
Luminal 0.79 (0.60e1.03) 0.078
HER2 0.96 (0.67e1.37) 0.812
TN 1.69 (1.46e1.97) <0.0001

Surgery <0.0001
No Reference
Yes 0.34 (0.28e0.41) <0.0001

Radiotherapy <0.0001
No/Unknown Reference
Yes 0.51 (0.46e0.58) <0.0001

Chemotherapy <0.0001
No/Unknown Reference
Yes 0.61 (0.52e0.70) <0.0001
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.breast.2020.09.006.
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