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Background: Our study aims to investigate the clinicopathological characteristics and survival outcomes of
mucinous breast cancer (MBC), and explore the effect of histology type on the breast cancer-specific survival
(BCSS) by different subtypes.

Methods: we identified 7,083 patients who were diagnosed with MBC and 248,751 with infiltrating ductal
carcinoma (IDC) by using the Surveillance, Epidemiology and End Results (SEER) database. The propensity
score matching was used to match baseline characteristics among MBC and IDC, and multivariable cox
proportional hazards models were used to analyze the relationship between histology type stratified by
subtype and BCSS.

Results: MBC patients were associated with a fewer nodal involvement, lower grade , earlier stage, more
estrogen receptor (ER) or progesterone receptor (PR) positive, and more favorable prognosis compared to
the overall IDC population. After 1:1 matching of MBC with IDC by other factors, we found that MBC
patients presented better prognosis than the Matched IDC for BCSS. Analysis among ER+PR+ subgroup
revealed that MBC patients was significantly better than that Matched IDC patients for BCSS (HR =0.78,
95% CI, 0.63-0.96). However, the survival analysis in the ER+PR- or ER-PR~ subgroups suggested that no
significant difference was seen between MBC patients and matched IDC patients for BCSS.

Conclusions: Our findings support that MBC seems to be an independent factor for the better prognosis
for breast cancer patients with ER+PR+ breast cancer but not in those with ER+PR- or ER-PR- disease.
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Introduction involvement, a high expression of hormone receptors
(HR) and more human epidermal growth factor receptor 2
(HER2)-negative than infiltrating ductal carcinoma (IDC)

(2,6). What is confusing is that whether the good prognosis

Mucinous breast cancer (MBC) is a rare histological type,

which was reported to account for 1% to 7% of all invasive

breast cancer (1-3). Previous studies suggested that MBC
differs from other histological breast cancer types and
has favorable prognosis (90% overall survival and 96%
breast cancer-special survival at 10 years) (4,5). MBC was

associated with a smaller tumor size, lower rates of nodal
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of MBC is due to good biological behavior or just as an
independent prognostic factor. However, some previous
reports have biased results due to the limitation of study
population and insufficient follow-up time. Additionally,
most of the current treatment guidelines for MBC are
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extrapolated from IDC, and these disputes may affect MBC
therapeutic strategies. Therefore, this may help us interpret
the clinicopathological characteristics and prognosis of
MBC better base on a larger population and longer follow-
up time, and develop more accurate therapeutic strategies
for MBC patients. Furthermore, the NCCN guideline
(V2. 2019) recommends using the estrogen receptor (ER)
and progesterone receptor (PR) status as the important
influencing factor for therapeutic strategies. As far as we
know, few studies have focussed on the effect of histology
type (MBC versus IDC) for prognosis by subtype in women
with breast cancer. We conducted a subgroup analysis
to investigate the effect of histology type (MBC versus
IDC) on the BCSS by different subtypes of breast cancer
with a large study population by using the Surveillance,
Epidemiology and End Results (SEER) database. We
present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1237).

Methods
Data sources

Data were obtained from the SEER cancer database,
which consists of 18 cancer registries across the United
States and is regarded as nationally representative. We
selected women age 18 or older between 2004 and 2012
who pathologic confirmation of non-metastatic unilateral
IDC (International Classification of Diseases for Oncology
code, ICD-0-3 8500/3) and MBC (MBC, ICD-0-3 8480/3).
Those who either had had a previous diagnosis of malignant
tumor or who without surgically treated were excluded in
our study. All patients who were missing ER or PR status
and survived less than one month were also excluded.
Finally, we identified 255,834 patients, among who 7,083
were diagnosed with MBC and 248,751 with IDC. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). Our study was approved by
the Affiliated Quanzhou First Hospital of Fujian Medical
University Ethics committee (No. 002965).

Study variables

SEER*Stat version 8.3.5 was used to obtain the
demographic, pathological characteristics and therapy
information on the following factors: year of diagnosis, age
at diagnosis, race/ethnicity, American Joint Committee on
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Cancer (AJCC) TNM stage, histologic grade, the status
of ER, PR and human HER2, surgery, chemotherapy,
radiation, and breast cancer-specific survival (BCSS). All of
variables were regrouped and given in Tible 1.

Statistical analyses

Analyses were conducted using Stata software (version
15.1) and assumed a 2-tailed a =0.05. The breast cancer-
special survival (BCSS), which was defined as the time
from diagnosis to the death caused by breast cancer, was
considered as the outcomes of our study. The follow-
up deadline was December 31, 2015. We compared
demographics and clinicopathological characteristics
between MBC and IDC using the Chi-square test or
Fisher exact test. The Kaplan-Meier plot was used to
analyze survival curves. Univariate and multivariate Cox
proportional hazard models were applied to assess the
relationship between these factors and BCSS.

In order to resolve the differences in baseline
characteristics across groups, we used the propensity score
matching method to match each MBC patient to one IDC
patient based on these factors, and tested the matching
quality for the balance. Multivariable Cox proportional
hazards regression was developed to estimate the HR and
95% CI for the relationship between histology subtype
(MBC versus IDC) and BCSS within each subgroup
(according to ER or PR status). Adjustments were then
carried out on multivariate analyses which included patient’s
age, race, stage, grade, surgery, chemotherapy and radiation.

Results
Patient characteristics

The study enrolled 255,833 patients, and the baseline
characteristics for IDC (n=7,084) and MBC (n=248,750)
are summarized in Table 1. The differences between the
MBC and IDC groups for all the variables were statistically
significant (P=0.000). MBC patients were associated with a
fewer negative lymph nodes (for NO: 90.27% vs. 67.48%),
lower grade (for grade 1: 54.3% vs. 19.2%), earlier stage (for
stage I: 65.35% vs. 50.85%), and more ER or PR positive
(98.01% vs. 77.59 %, 88.31% wvs. 67.23%, respectively)
compared with IDC. Regarding treatment type, a higher
percentage of MBC patients underwent breast-conserving
surgery (67.41% wvs. 59.82%) and a lower percentage of
MBC patients accept chemotherapy (14.98% vs. 45.64%)
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Parameters Total, n=255,833 (%) MBC, n=7,083 (%) IDC, n=248,750 (%) P value
Year of diagnosis 0.000
2004-2007 102,454 (40.05) 3,217 (45.42) 99,237 (39.89)
2008-2012 153,379 (59.95) 3,866 (54.58) 149,513 (60.11)
Age 0.000
18-49 66,449 (25.97) 5,931 (83.74) 183,453 (73.75)
>50 189,384 (74.03) 1,152 (16.26) 65,297 (26.25)
Race 0.000
White 27,439 (10.73) 716 (10.11) 26,723 (10.74)
Black 204,107 (79.78) 5,677 (78.74) 198,530 (79.81)
Others + UN 24,287 (9.49) 790 (11.15) 23,497 (9.45)
Tumor size 0.000
T 163,134 (63.77) 4,847 (68.43) 158,287 (63.63)
T2 75,683 (29.58) 1,865 (26.33) 73,818 (29.68)
T3 10,732 (4.19) 285 (4.02) 10,447 (4.20)
T4 6,027 (2.36) 85 (1.02) 5,942 (2.39)
Unknown 257 (0.1) 1(0.01) 256 (0.1)
Node status 0.000
NO 174,261 (68.12) 6,394 (90.27) 167,867 (67.48)
N1 58,793 (22.98) 555 (7.84) 58,238 (23.41)
N2 15,385 (6.01) 91 (1.28) 15,294 (6.15)
N3 7,328 (2.86) 41 (0.58) 7,287 (2.93)
Unknown 66 (0.03) 2 (0.03) 64 (0.03)
Stage 0.000
| 131,125 (51.25) 4,629 (65.35) 126,496 (50.85)
Il 94,518 (36.95) 2,186 (30.86) 92,332 (37.12)
1] 30,190 (11.80) 268 (3.78) 29,922 (12.03)
Grade 0.000
| 51,601 (20.17) 3,846 (54.30) 47,755 (19.20)
Il 101,352 (39.62) 2,117 (29.89) 99,235 (39.89)
I+ UD 95,780 (37.44) 280 (3.95) 95,500 (38.39)
Unknown 7,100 (2.78) 840 (11.86) 6,260 (2.52)
ER 0.000
Negative 55,892 (21.85) 141 (1.99) 55,751 (22.41)
Positive 199,941 (78.15) 6,942 (98.01) 192,999 (77.59)

Table 1 (continued)
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Parameters Total, n=255,833 (%) MBC, n=7,083 (%) IDC, n=248,750 (%) P value
PR 0.000
Negative 82,335 (32.18) 828 (11.69) 81,507 (32.77)
Positive 173,498 (67.82) 6,255 (88.31) 167,243 (67.23)
HER2 0.000
Negative 75,150 (29.37) 2,083 (29.41) 73,067 (29.37)
Positive 14,368 (5.62) 125 (1.76) 14,243 (5.73)
Uncertain 2,023 (0.79) 42 (0.59) 1,981 (0.80)
Unknown 164,292 (64.22) 4,833 (68.23) 159,459 (64.10)
Surgery 0.000
Breast-conserving 153,588 (60.03) 4,775 (67.41) 148,813 (59.82)
Mastectomy 102,245 (39.97) 2,308 (32.59) 99,937 (40.18)
Chemotherapy 0.000
Yes 114,580 (44.79) 1,061 (14.98) 113,519 (45.64)
No 141,253 (55.21) 6,022 (85.02) 135,231 (54.36)
Radiation 0.000
Yes 141,627 (55.36) 3,676 (51.90) 137,951 (55.46)
No 114,206 (44.64) 3,407 (48.10) 110,799 (44.54)

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; MBC, mucinous breast cancer carci-
noma; IDC, infiltrating ductal carcinoma, BCSS, breast cancer-specific survival.

compared with IDC.

BCSS analysis in MBC

Univariate analysis indicated that race, grade, tumor size,
node status, stage, grade, ER or PR status, surgery type,
chemotherapy and radiation were statistically significant
prognostic factors for BCSS (Table 2). With multivariable
analysis using the Cox’s proportional hazards model, we
found that MBC patients with large-sized tumors, node
involvement, higher grade, and ER or PR negative were
significantly associated with worse BCSS (7able 2). White
women with MBC were significantly more likely to die from
breast cancer than other races. Patients who undergoing
a mastectomy did not show better BCSS compared with
who received breast conservation therapy (HR =0.90, 95%
CI, 0.72-1.13). No significant difference was seen between
adjuvant chemotherapy or not for BCSS (HR =0.91, 95%
CI, 0.70-1.18).

© Translational Cancer Research. All rights reserved.

Survival analysis in matched group

From the Figure 1, patients with MBC were associated with
better BCSS than the overall IDC population. We obtained
a group of 7,083 IDC patients as matched groups through
1:1 (MBC/IDC) propensity score matching method. We
found no statistically significant difference in characteristics
between MBC and IDC except histologic grade (7able 3).
Furthermore, we found that MBC patients still presented
better BCSS than the Matched IDC (Figure 2).

Stratification by molecular subtype

Multivariable Cox proportional hazards regression was used
to describe the association between histology type (MBC
and IDC) and BCSS by subtype. After adjusting for age,
race, stage, grade, surgery, chemotherapy and radiation,
MBC patients in the ER+PR+ subgroup was significantly
better than that Matched IDC patients for BCSS (HR
=0.78, 95% CI, 0.63-0.96). Additionally, the survival
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Table 2 Univariate and multivariate analyses of BCSS with MBC using Cox proportional hazards modeling
Univariate Multivariate
Parameters Category
HR (95 % CI) P value HR (95 % Cl) P value
Age <50 1 0.64 1 0.13
>50 1.06 (0.83, 1.36) 1.22 (0.95, 1.59)
Year of diagnosis 2004-2007 1 0.55 1 0.99
2008-2012 0.94 (0.76, 1.15) 1.00 (0.79, 1.27)
Race White 1 <0.01 1 <0.01
Black 0.59 (0.46, 0.76) 0.66 (0.51, 0.85)
Others + UN 0.37 (0.24, 0.57) 0.40 (0.27, 0.62)
Tumor size T 1 <0.01 1 <0.01
T2 3.29 (2.67, 4.07) 2.21(1.46, 3.33)
T3 7.70 (5.70, 10.40) 3.70 (2.06, 6.66)
T4 17.44 (12.29, 24.76) 5.15 (2.57, 10.35)
Node status NO 1 <0.01 1 <0.01
N1 3.40 (2.69, 4.31) 1.61(1.19, 2.19)
N2 6.19 (4.15, 9.24) 1.57 (0.95, 2.60)
N3 16.75 (11.14, 25.20) 3.20 (1.88, 5.45)
Stage | 1 <0.01 1 <0.01
I 3.82 (3.09, 4.73) 1.95 (1.42, 2.67)
11l 12.94 (9.86, 16.97) 1.73 (0.84, 3.53)
Grade I 1 <0.01 1 <0.01
I 2.34 (1.88, 2.92) 1.78 (1.42, 2.23)
Il 6.29 (4.78, 8.28) 2.75 (2.03, 3.73)
ER Negative 1 <0.01 1 <0.01
Positive 0.23 (0.16, 0.32) 0.57 (0.37, 0.87)
PR Negative 1 <0.01 1 <0.01
Positive 0.45 (0.36, 0.56) 0.69 (0.53, 0.89)
HER2 Negative 1 0.039 1 0.004
Positive 1.13 (0.41, 3.09) 0.48 (0.17, 1.38)
Uncertain 3.18 (1.16, 8.77) 0.48 (0.10, 2.24)
Unknown 1.36 (1.02, 1.81) 0.22 (0.07, 0.74)
Surgery Breast-conserving 1 <0.01 1 0.373
Mastectomy 2.36 (1.96, 2.85) 0.90 (0.72, 1.13)
Chemotherapy Yes 1 <0.01 1 0.48
No 2.18 (1.78, 2.67) 0.91 (0.70, 1.18)
Radiation Yes 1 <0.01 1 <0.01
No 0.52 (0.43, 0.63) 0.55 (0.44, 0.69)

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; MBC, mucinous breast cancer
carcinoma; IDC, infiltrating ductal carcinoma; BCSS, breast cancer-specific survival.
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Figure 1 Kaplan-Meier curves by histologic subtypes of breast
cancer, MBC versus IDC. MBC, mucinous breast cancer
carcinoma; IDC, infiltrating ductal carcinoma, BCSS, breast

cancer-specific survival.
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analysis in the ER+PR- or ER-PR- subgroups suggested
that the BCSS of MBC patients was similar to that of
Matched IDC patients (Table 4).

Discussion

Our study aimed to investigated the clinicopathological
characteristics and survival outcomes of MBC, and explore
the effect of histology type (MBC versus IDC) on the BCSS
by subtypes based on a large population. Our findings
indicated that MBC have favorable clinicopathological
characteristics, fewer nodal involvement, lower grade, earlier
tumor stage and more hormone receptor positive, and are

Table 3 Characteristics of patients by histology type in 1:1 matched, MBC versus IDC

Parameters Total, n=14,166 MBC, n=7,083 IDC, n=7,083 P value
Year of diagnosis 0.6244
2004-2007 6,405 3,217 3,188
2008-2012 7,761 3,866 3,895
Age 1.0000
18-49 2,304 1,152 1,152
>50 11,862 5,931 5,931
Race 0.6552
White 11,187 5,577 5,610
Black 1,433 716 717
Others + UN 1,546 790 756
Tumor size 0.1047
T1 9,748 4,847 4,901
T2 3,696 1,865 1,831
T3 528 285 243
T4 189 85 104
Unknown 5 1 4
Node status 0.6682
NO 12,793 6,394 6,399
N1 1,102 555 547
N2 189 91 98
N3 80 41 39
Unknown 2 2 0

Table 3 (continued)
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Table 3 (continued)
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Parameters Total, n=14,166 MBC, n=7,083 IDC, n=7,083 P value
Stage 0.5688
| 9,307 4,629 4,678
Il 4,315 2,186 2,129
1] 544 268 276
Grade <0.0001
| 7,604 3,846 3,758
Il 4,330 2,117 2,213
I+ UD 708 280 428
Unknown 1,524 840 684
ER 0.4794
Negative 294 141 153
Positive 13,872 6,942 6,930
PR 0.8346
Negative 1,664 828 836
Positive 12,502 6,255 6,247
HER2 0.9882
Negative 4,176 2,083 2,093
Positive 245 125 120
Uncertain 84 42 42
Unknown 9,661 4,833 4,828
Surgery 0.7063
Breast-conserving 9,571 4,775 4,796
Mastectomy 4,595 2,308 2,287
Chemotherapy 0.7232
Yes 2,107 1,061 1,046
No 12,059 6,022 6,037
Radiation 0.7240
Yes 7,331 3,676 3,655
No 6,835 3,407 3,428

ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; MBC, mucinous breast cancer carci-

noma; IDC, infiltrating ductal carcinoma, BCSS, breast cancer-specific survival.
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associated with better BCSS for overall IDC. Furthermore,
to make sure that baseline balanced in demographic and
tumor characteristics across histologic types, we carried
out a 1:1 (MBC/IDC) matched case-control analysis using
the propensity score matching method to evaluate the
survival outcome between MBC and IDC and the subgroup
analyses. We found that MBC presented similar better
prognosis than the Matched IDC for BCSS. MBC patients
present a better prognosis for those with the ER+PR+
subtype but not in those with ER+PR- or ER-PR- disease.
As the largest study of MBC to date, our study utilizes

1:1 Matched patients

1.004
0.95/ \E
« 0.904
3
m 0.85-
0.80 IDC (n=7083)
MBC (n=7083) Log-rank test: P=0.0104
0'75- T T T T
0 50 100 150

Follow-up time (months)

Figure 2 Kaplan-Meier curves for 1:1 matched groups by
histology, MBC (matched) versus IDC (matched). MBC, mucinous
breast cancer carcinoma; IDC, infiltrating ductal carcinoma; BCSS,

breast cancer-specific survival.

Table 4 Histology type and BCSS by ER and PR status

Lian et al. Subtype-dependent survival in MBC

a large number of SEER datasets to investigate the
clinicopathological characteristics. Just as reported in
previous studies, the BCSS of MBC was significantly
better than IDC, however, this may be mostly due to the
fact that the clinicopathological characteristics of MBC
was superior to IDC. The MBC histological type showed
lower grade, smaller tumor size, few nodal involvement,
earlier stage, higher expression of hormone receptors than
IDC. Therefore, propensity score matching was used to
match baseline characteristics and ensured these between
MBC and IDC groups balanced. After 1:1 matching of
MBC with IDC by age, race, tumor size, node status, stage,
grade, ER status, PR status, HER?2 status, subtype, surgery,
chemotherapy and radiation, MBC showed similarly the
better BCSS than Matched IDC. These results imply that
the MBC histological type seem to be an independent
prognostic factor.

More and more experts recommend molecular subtypes
of breast cancer as the important reference factors for
therapeutic strategies. Our study focused on subgroup
analysis using the ER and PR statuses of MBC and Matched
IDC. A multivariate Cox analysis indicated that MBC
was an independent predictor of a better BCSS compared
with Matched IDC in ER+PR+ group. From the 7able 3,
we see that the difference whether in chemotherapy or
radiotherapy group between these two pathological types
was not showed statistically significant. Endocrine therapy

Subtype/histology Patients, N BCSS, N (%) HR (95% CI)* P
ER+/PR+
IDC 6,232 6,042 (96.9) 1 0.021
MBC 6,244 6,096 (97.6) 0.78 (0.63, 0.96)
ER+/PR-
IDC 698 661 (94.7) 1 0.538
MBC 698 667 (95.5) 0.86 (0.53, 1.39)
ER-/PR+
IDC 15 13 (86.6) 1 -
MBC 11 11 (100.0) -
ER-/PR-
IDC 138 138 (100.0) 1 0.300
MBC 130 115 (88.4) 0.70 (0.36, 1.36)

*, adjusted for age, race, stage, grade, surgery, chemotherapy, radiation. ER, estrogen receptor; PR, progesterone receptor; MBC,

mucinous breast cancer; IDC, infiltrating ductal carcinoma.

© Translational Cancer Research. All rights reserved.
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was available in this subtype. Unfortunately, we failed to
acquire data about that. We considered that MBC perform
better endocrine-responsive than Matched IDC in the
ER+PR+ subtype. However, MBC seem not exhibited a
significantly better BCSS than Matched IDC in ER+PR- or
ER-PR- subgroups. Several studies had reported that loss
of PR was associated with one mechanism for endocrine
resistance and resulted for higher risk of relapse (7,8).
Furthermore, it has reported that ER+PR- tumors are
more likely to have high expression of epidermal growth
factor receptor (8-11). Bae ez a/. has suggested that ER+PR-
had comparable poor survival to ER-PR- tumors with
invasive ductal carcinoma (8-11). It can be seen that the
ER+PR- tumors in MBC should be treated aggressively as
same as IDC.

Our research also has several limitations. First, it is a
retrospective study and may have some potential selection
bias. Then we failed to differentiate mixed mucinous
carcinoma and pure mucinous carcinoma. Furthermore,
the status of HER2 was not included for further subtype
analysis, but HER2 information in the SEER datasets was
not available until 2010 and resulted for lacking adequate
patients for subgroup analysis. However, our study is the
first to incorporate ER and PR status for subgroup analysis
in the MBC survival studies. Further studies are needed to
focus on its molecular subtypes.

In conclusion, MBC is a histological subtype that is
distinct from IDC with favorable clinicopathological
characteristics and prognosis. MBC seems to be an
independent factor for the better prognosis with ER+PR+
breast cancer but not in those with ER+PR- or ER-PR-
disease. Therefore, an escalated therapeutic strategy may be
considered for ER+PR- or ER-PR- MBC patients.
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