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Abstract

Background: Mucinous breast carcinoma (MBC) is a relatively rare pathological
type of breast cancer. Compared with mastectomy in MBC, the effect and safety of
breast-conserving therapy (BCT) remains unclear. Therefore, we investigated the
long-term prognosis of BCT and mastectomy in T1-2 stage mucinous breast carci-
noma via the Surveillance, Epidemiology, and End Results (SEER) database.
Methods: Totally, 8830 patients who were diagnosed of mucinous breast carcinoma
between 2004 and 2014 from SEER database were reviewed retrospectively. Cox
proportional hazards model and Kaplan-Meier method were performed for evaluat-
ing the relationship between surgical method and prognosis.

Results: One thousand three hundred and twenty (14.9%) patients underwent mastec-
tomy and 7510 (85.1%) underwent BCT. The median follow-up time was 77 months.
There were more non-Hispanic white, married, and younger (<65 years) patients,
as well as lower stage of tumor sizes, lymph nodes and more favorable histologic
grade, ER positive, and PR positive in BCT group (P < .05). Patients in BCT group
had relatively better overall survival (OS) than those in mastectomy group. The risk
of death from any cause in BCT group was lower than that in mastectomy group
significantly (HR = 0.786, 95% CI: 0.703-0.879, P < .001), while no difference
significantly was observed in breast cancer-specific survival (BCSS) between BCT
and mastectomy groups. In stratified analysis according to T stage, BCT group had
better OS than mastectomy group for patients of T1 stage (HR = 0.679, 95% CI:
0.589-0.781, P < .001) or T2 stage (HR = 0.769, 95% CI: 0.646-0.915, P = .003). In
stratified analysis according to the different ages, BCT showed OS benefit in patients
at the age of 50-64 years (HR = 0.587, 95% CI: 0.408-0.846, P = .004) and the age
of 65-79 years (HR = 0.636, 95% CI: 0.535-0.758, P = .001). For patients younger

than 50 years or not younger than 80 years, there was no difference significantly

Ping Yu, Peng Liu and Yutian Zou are contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2020 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Cancer Medicine. 2020;9:5381-5391.

wileyonlinelibrary.com/journal/cam4 5381


www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0002-9753-2438
https://orcid.org/0000-0002-2775-0990
https://orcid.org/0000-0002-3206-782X
mailto:﻿
mailto:﻿￼
https://orcid.org/0000-0001-9029-1574
http://creativecommons.org/licenses/by/4.0/
mailto:xiexm@sysucc.org.cn
mailto:yefeng@sysucc.org.cn

YU ET AL.

5382 .
—I—Wl EY—Cancer Medicine _

KEYWORDS

1 | INTRODUCTION

Mucinous breast carcinoma (MBC), termed as colloid can-
cer, is a relatively rare pathological type of breast cancer. Its
incidence accounts for approximately 1% to 7% of the pri-
mary breast cancers.'

Compared with other common types of breast cancer such
as infiltrating ductal cancer (IDC), MBC has some different
clinical features. MBC usually occurs in postmenopausal
and elderly patients and generally has a favorable prognosis.
MBC has a higher proportion of estrogen receptor (ER) and
progesterone receptor (PR) positivity, better differentiation
and a lower rate of lymph node metastases." >

On account of its rarity, most studies about MBC have ei-
ther small samples or a relatively short-term follow-up. So the
evidence of clinical factors and prognosis of MBC is weak. At
present, the guidelines recommendation of locoregional and
systemic adjuvant treatment of MBC are based on the data
of IDC. Standard IDC surgery is also suitable for MBC pa-
tients. Mastectomy and breast-conserving therapy (BCT) plus
radiation therapy could achieve similar prognosis in women
diagnosed with early stage breast cancer in some randomized
controlled trials.'®''Some researchers have recommended that
MBC should be treated less aggressively such as BCT than IDC
due to more favorable clinicopathologic features of MBC 21213
However, the prognosis of BCT and mastectomy in MBC re-
mains unclear. The use of BCT in MBC has been questioned.

Therefore, the objective of this large population-based
study was to investigate the long-term prognosis of BCT and
mastectomy in T1-2 stage mucinous breast carcinoma using
the Surveillance, Epidemiology, and End Results (SEER)
database.

2 | METHODS

2.1 | Patient selection

The SEER custom database (with additional treatment fields)
(http://www.seer.cance r.gov) we used was released in

observed in OS between BCT and mastectomy groups (P > .05).While for patients
who received BCT, the use of radiotherapy showed OS benefit.

Conclusions: This large population-based study indicated patients who received
BCT had better prognosis than those received mastectomy in T1-2 stage MBC, es-
pecially in patients at the age of 50-79 years. The use of radiotherapy showed OS
benefit in patients receiving BCT. Breast-conserving therapy might be preferred over
mastectomy especially in locoregional treatment of T1-2 stage MBC.

breast-conserving therapy, mucinous breast carcinoma, prognosis, SEER

November 2018, which contained the data from 18 popula-
tion-based cancer registries.

Patients who were diagnosed of mucinous breast carci-
noma between 2004 and 2014 were eligible. Other inclu-
sion criteria involved as follows (1) female; (2) were older
than 18 years; (3) T1-2 breast cancer; (4) breast cancer as
a primary cancer diagnosis; (5) underwent mastectomy or
breast-conserving surgery. The exclusion criteria involved
as follows: (1) underwent prophylactic mastectomy; (2)
synchronic bilateral breast cancers (3) history of malignant
tumors other than breast cancer; (4) confirmed metastasis or
recurrence at the first diagnosis; (5) complete data cannot
be achieved. This research was approved by the Research
Ethics Committee in Sun Yat-sen University Cancer Center.

2.2 | Data collection and outcomes
The following factors were extracted: demographic factors
(year of diagnosis, age at diagnosis, race, and marital status),
clinicopathological factors (tumor size (T stage), lymph node
status (N stage), TNM stage, histologic grade, estrogen re-
ceptor (ER), progesterone receptor (PR)), therapeutic factors
(surgery of primary site in terms of the “breast surgery codes
C50.0-C50.9”, radiotherapy, chemotherapy), and survival fac-
tors (death events and survival months). According to the 6th
edition of the American Joint Committee on Cancer staging
system, the patients’ pathological TNM stages were confirmed.
The primary end point was overall survival (OS) which
was calculated from the date of diagnosis to the date of death
from any cause or last follow-up. And the secondary end
point was breast cancer-specific survival (BCSS) which was
calculated from the date of diagnosis to the date of death due
to breast cancer.

2.3 | Statistical analysis

In descriptive statistics, the continuous variables were de-
scribed as median and range. The categorical ones were
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described as frequencies and percentages. Chi-square test
was applied to compare categorical data. Kaplan-Meier
method and log-rank test were used to get the OS curves and
compare the differences. Univariate and multivariate Cox
model were performed to assess the risk factors for OS and
BCSS. The statistical analyses were done by the SPSS, ver-
sion 22.0 (SPSS Inc).A two-side P < .05 was thought to be
significant statistically.

3 | RESULTS

3.1 | Baseline characteristics

In total, 8830 patients who were diagnosed of mucinous
breast carcinoma between 2004 and 2014 were included
for analysis. The process of patient selection was presented
in supplementary Figure 1. Table 1 summarized the clin-
icopathological characteristics according to the surgical
methods. Among 8830 patients, 1320 (14.9%) underwent
mastectomy, 7510 (85.1%) underwent BCT. Patients under-
went BCT more frequently than mastectomy. The median age
was 67 years (range, 23-103 years). Compared with patients
in mastectomy group, there were younger (<65 years), more
non-Hispanic white, married patients as well as lower stage
of tumor sizes, lymph nodes and more favorable histologic
grade, ER positive, PR positive in BCT group (P < .05).
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Patients in BCT group were more likely to receive radiother-
apy (P < .001). While patients in mastectomy group were
more likely to receive chemotherapy (P < .001).

3.2 | Univariate and multivariate analysis of
OS and BCSS

The median follow-up time was 77 months (interquartile
range 45-112 months). The 5-year and 10-year OS rates
in BCT and mastectomy groups were 88.6% vs 83.1% and
71.3% vs 61.1% respectively. The 5-year and 10-year BCSS
rates in BCT and mastectomy groups were 98.8% vs 97.5%
and 96.7% vs 94.6%.

Patients in the BCT group at a younger age or T1 stage
had relatively better OS than those in mastectomy group
at an older age or T2 stage (all P < .05) (Figure 1A,C,D).
Adjusting for the significant prognostic variables (race, age,
marital status, T stage, N stage, ER, PR, surgery, chemother-
apy, and radiotherapy) in univariate analysis, multivariate
analysis indicated that the mortality risk from any cause in
BCT group was lower than that in mastectomy group sig-
nificantly (HR = 0.754, 95% CI: 0.697-0.889, P < .001).
Besides, patients at a younger age, T1 stage, lower N stage,
positive ER status and radiotherapy had better OS relatively
(all P < .05). The patients with chemotherapy did not achieve
OS benefit than those without chemotherapy (HR = 0.860,
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TABLE 1 Baseline characteristics of mucinous breast carcinoma patients

Patients, n (%)
Characteristic All BCT Mastectomy P?
No. of patients 8830 (100) 7510 (85.1) 1320 (14.9)
Year of diagnosis <0.001
2004-2006 2754 (31.2) 2187 (29.1) 567 (43.0)
2007-2009 2403 (22.7) 1990 (26.5) 413 (31.3)
2010-2014 3673 (41.6) 3333 (44.4) 340 (25.8)
Age (years) <0.001
18-49 1045 (11.8) 859 (11.4) 186 (14.1)
50-64 2211 (25.0) 1942 (25.9) 269 (20.4)
65-79 3693 (41.8) 3134 (41.7) 559 (42.3)
>80 1881 (21.3) 1575 (21.0) 306 (23.2)
Race <0.001
NHW 6354 (72.0) 5482 (73.0) 872 (66.1)
NHB 855 (9.7) 691 (9.2) 164 (12.4)
NHAIAN 37 (0.4) 30 (0.4) 7(0.5)
NHAPI 780 (8.8) 643 (8.6) 137 (10.4)
Hispanic 775 (8.8) 638 (8.5) 137 (10.4)
Unknown 29 (0.3) 26 (0.3) 3(0.2)
Marital status 0.001
Married 4189 (47.4) 3615 (48.1) 574 (47.4)
Single 1103 (12.5) 910 (12.1) 193 (14.6)
Widowed 2225 (25.2) 1850 (24.6) 375 (28.4)
Divorced 847 (9.6) 737 (9.8) 110 (8.3)
Unknown 466 (5.3) 398 (5.3) 68 (5.2)
Histologic grade <0.001
Gl 4963 (56.2) 4334 (57.7) 629 (47.7)
G2 2558 (29.0) 2143 (28.5) 415 (31.4)
G3 273 (3.1) 206 (2.7) 67 (5.1)
Unknown 1036 (11.7) 827 (11.0) 209 (15.8)
T stage <0.001
Tl 6659 (75.4) 5914 (78.7) 745 (56.4)
T2 2171 (24.6) 1596 (21.3) 575 (43.6)
N stage <0.001
NO 8253 (93.5) 7174 (95.5) 1079 (81.7)
N1 494 (5.6) 308 (4.1) 186 (14.1)
N2 62 (0.7) 23 (0.3) 39 (3.0)
N3 21(0.2) 5(0.1) 16 (1.2)
Stages <0.001
1 6411 (72.6) 5745 (76.5) 666 (50.5)
I 2336 (26.5) 1737 (23.1) 599 (45.4)
111 83(0.9) 28 (0.4) 55(4.2)
ER <0.001
Negative 146 (1.7) 110 (1.5) 36 (2.7)
Positive 8297 (94.0) 7134 (95.0) 1163 (88.1)

(Continues)
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TABLE 1 (Continued)
Patients, n (%)
Characteristic All BCT Mastectomy P?
Unknown 387 (4.4) 266 (3.5) 121 (9.2)
PR <0.001
Negative 868 (9.8) 705 (9.4) 163 (12.3)
Positive 7505 (85.0) 6481 (86.3) 1026 (77.7)
Unknown 455 (5.2) 324 (4.3) 131 (9.9)
Chemotherapy <0.001
No 7887 (89.3) 6792 (90.4) 1095 (83.0)
Yes 943 (10.7) 718 (9.6) 225 (17.0)
Radiotherapy <0.001
No 3656 (41.4) 2742 (32.9) 1184 (41.4)
Yes 5174 (58.6) 5038 (67.1) 5174 (58.6)

Abbreviations: BCT, Breast-conserving therapy; HER-2, Human epidermal growth factor receptor-2; HR, Hormone receptor.

#Using Chi-squared test or Fish exact test. P < .05 was considered statistically significant. Compared with patients in mastectomy group, there were younger

(<65 years), more non-Hispanic white, married patients as well as lower stage of tumor sizes, lymph nodes and more favorable histologic grade, ER positive,
PR positive in BCT group. Patients in BCT group were more likely to receive radiotherapy. While patients in mastectomy group were more likely to receive

chemotherapy.

95%CI1:0.684-1.080, P = .194) (Table 2). There was no dif-
ference significantly in OS among different histologic grade
or PR status (P > .05) (Table 2). Non-Hispanic Asian or
Pacific Islander and married patients had better OS than
other groups (all P < .05) (Table 2). Adjusting for the sig-
nificant prognostic variables (age, race, marital status, his-
tologic grade, T stage, N stage, ER, PR, chemotherapy, and
radiotherapy), multivariate analysis indicated no difference
significantly in BCSS between BCT and mastectomy groups
(HR = 1.232, 95% CI: 0.843-1.800, P = .282) (Table 2), al-
though Kaplan-Meier curve showed patients in BCT group
had relatively better BCSS than those in mastectomy group
(P < .05) (Figure 1B).

3.3 | Stratified analysis of overall survival

As shown in Table 3, in stratified analysis according to T
stage, adjusting for the significant prognostic variables in
univariate analysis, multivariate analysis indicated that BCT
group had better OS than mastectomy group for patients
with T1 stage (HR = 0.679, 95% CI: 0.589-0.781, P < .001)
or T2 stage (HR = 0.769, 95% CI: 0.646-0.915, P = .003)
(Figure 2A and B). In stratified analysis according to the dif-
ferent ages, BCT showed OS benefit in patients at the age of
50-64 years (HR = 0.587, 95% CI: 0.408-0.846, P = .004)
and age of 65-79 years (HR = 0.636, 95% CI: 0.535-0.758,
P =.001) (Figure 3B and C). For patients not younger than
80 years, there was no difference significantly observed in
OS between BCT and mastectomy groups (P > .05) (Figure
3D). For patients younger than 50 years, no difference

significantly was observed in OS between BCT and mastec-
tomy groups (HR = 0.576, 95% CI: 0.298-1.115, P = .102)
although Kaplan-Meier curve showed patients in BCT group
had better OS than those in mastectomy group (P < .05)
(Figure 3A). For patients receiving BCT, the use of radio-
therapy shows OS benefit (Figure 4).

4 | DISCUSSION

Breast cancer is a histologically heterogeneous disease.'*16
Mucinous breast carcinoma is recognized as one of the most
common rare histologic type in breast carcinoma. Experience
in locoregional and systemic therapy of MBC was acquired
from data of IDC and retrospective researches of MBC in-
stead of prospective randomized control trials. There is
limited evidence on the effect and safety of BCT in MBC
compared with mastectomy. Therefore, we investigate the
long-term clinical outcomes of BCT and mastectomy in T1-2
stage mucinous breast carcinoma using SEER database.

In our study, many more cases of MBC occurred in elderly
and postmenopausal patients (88.2% older than 50 years).
Furthermore, MBC cases had higher rates of ER or PR
positivity (94% in ER positivity and 85% in PR positivity),
lower histologic grade (56.2% in G1) and less lymph nodal
metastases (93.5% without lymph nodal metastases). These
observations are consistent with findings reported in previous
western researches.>*1"2

These features indicate that MBCs have a good prog-
nosis. Therefore, some researchers have believed that BCT
is an option for MBC which can minimize the trauma and
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TABLE 3  Stratified analysis of OS
oS
Univariate Multivariate
Variable HR (95%CI) P HR (95%CI) P
Age (years)
23-49
BCT vs Mastectomy 0.344 (0.192-0.616) <0.001 0.576 (0.298-1.115)" 0.102
50-64
BCT vs Mastectomy 0.491 (0.348-0.693) <0.001 0.587 (0.408—0.846)b 0.004
65-79
BCT vs Mastectomy 0.603 (0.510-0.712) <0.001 0.636 (0.535-0.758)° 0.001
>80
BCT vs Mastectomy 0.913 (0.779-1.070) 0.263 0.984 (0.836-1.159)d 0.848
T stage
Tl
BCT vs Mastectomy 0.667 (0.581-0.766) <0.001 0.679 (0.589-0.781)° <0.001
T2
BCT vs Mastectomy 0.754 (0.633-0.897) 0.001 0.769 (0.646-0.915)" 0.003

Abbreviation: BCT, Breast-conserving therapy.

“HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, N stage, chemotherapy, and radiotherapy.

°HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, ER, PR and, radiotherapy.

“HR for surgery was adjusted for the significant prognostic variables including race, marital status, T stage, N stage, and radiotherapy.

“HR for surgery was adjusted for the significant prognostic variables including marital status, T stage, ER, PR, and radiotherapy.

°HR for surgery was adjusted for the significant prognostic variables including age, race, marital status, ER, PR, chemotherapy, and radiotherapy.

'HR for surgery was adjusted for the significant prognostic variables including age, race, marital status, chemotherapy, and radiotherapy.

P < .05 was considered statistically significant.

FIGURE 2 Kaplan-Meier curves

of overall survival for mucinous breast
carcinoma patients according to surgical
methods stratified by T stage. BCT group
had better OS than mastectomy group for
patients with T1 stage (A) or T2 stage (B)
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Time after diagnosis(months)

maintain aesthetics. However, there is weak evidence con-
cerning the safety and effect of treating MBC with less
aggressive surgery such as BCT. A population-based re-
search from China was conducted to evaluate the impact
of BCT in patients of pure MBC.?! In that study, 309 pa-
tients of pure mucinous breast carcinoma were reviewed
from January 1, 1999 to October 1, 2010 and totally 64
patients underwent BCT (and radiotherapy). After a me-
dian follow-up of 45.7 months, there was no statistically
difference observed in the 5-year OS rate between BCT

Time after diagnosis(months)

group and mastectomy group (P = .096). Namely, OS was
not influenced by the surgical methods.?! Another study
analyzed 197 consecutive MBC patients, including 117
pure MBC and 80 mixed MBC, who were diagnosed be-
tween 1983 and 2014. No difference was observed in dis-
ease-free survival in patients with pure MBC or patients
with mixed MBC between two types of surgical treatment
(HR =0.077, 95% CI: 0.005-1.227, P = .070; HR = 0.025,
95% CI: 0.000-176.301, P = .414).” In the current study,
patients in BCT group had relatively better OS than those
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FIGURE 3 Kaplan-Meier curves A 10] B o1
of overall survival for mucinous breast w
carcinoma patients according to surgical 081 08
methods stratified by age. (A) Age of 23- s s
49 years. (B) Age of 50-64 years. (C) Age of g 0§ g 061
65-79 years. (D) Age > 80 years. According % 2
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to the different ages, BCT showed OS e 0% E 0.4
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benefit in patients at the age of 50-64 years o
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1.0 for MBC patients. The controversy among these studies
might be owing to the short follow-up time and small sam-
] ple sizes of previous studies. Besides, our study focused
- on the patients with T1-2 stage (tumor size < 5 cm), which
Z g meant tumor size could meet the BCT indication and most
§ ' of these patients had opportunities to choose BCT. We also
= found that in stratified analysis according to T stage, BCT
it i .
o 04 group had better OS than mastectomy group for patients
© with either T1 stage or T2 stage. As shown in Table 2, we
0.2 P = 0.0001 first conducted univariate analysis and the results demon-
- Without radiotherapy strated that BCT group had both better OS (P < .001) and
R BCSS (P = .004). However, the results were not consistent
. or A 7% se: mhn 94w 1oE in multivariate analyses. We think the bias might have two

Time after diagnosis(months)

FIGURE 4 Kaplan-Meier curves of overall survival for patients
receiving BCT according to radiotherapy. For patients receiving BCT,
the use of radiotherapy show better OS

in mastectomy group. The risk of death from any cause in
BCT group was lower than that in mastectomy group sig-
nificantly (HR = 0.754, 95% CI: 0.697-0.889, P < .001).
While no difference significantly was observed in BCSS
between BCT and mastectomy groups (HR = 1.232, 95%
CI: 0.843-1.800, P = .282).0Our finding on OS is not in
agreement with the results of above two studies. Our re-
sults showed it was safe and even better to receive BCT

origins. First, the tracking system of SEER database could
make mistakes in recording some cancer-specific deaths.
Second and more importantly, the percentages of other
treatments were not equal in the two groups. BCT group
had a higher rate of radiotherapy while mastectomy group
accepted more chemotherapy. Given the most eligible pa-
tients in the present study were elder females at a median
age of 67 years, the therapy-associated comorbidities may
bring great bias in the evaluation of BCSS. To clarify the
effect of BCT on BCSS, further prospective clinical trials
might be needed.

Radiotherapy, as an important adjuvant therapy, is widely
used in invasive breast cancer patients after breast-conserv-
ing therapy or in patients with high-risk factors after mastec-
tomy.'" Therefore, radiotherapy may be important in MBC.
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However, the clinical value of radiotherapy in MBC remains
unclear. In our study, in BCT group a total of 5038 (67.1%)
patients received radiotherapy and 2472 (32.9%) did not re-
ceive radiotherapy. The use of radiotherapy shows OS benefit
for them.

MBC is classified into two main subtypes histologi-
cally: pure mucinous breast cancer (PMBC) when the mu-
cinous component accounts for more than 90% and mixed
mucinous breast cancer (MMBC) when there is 10%-49%
non-mucinous co-existing cancer component in the tumor.
MMBC can be classified into different subtyped according
to co-existing cancer component.zz'26 Therefore the prog-
nosis of different subtypes may be different. The cases of
above studies 2?2 concerning the prognosis of BCT and
mastectomy were PMBC or MMBC. In present study, we
did not analyze the data stratified by different subtypes.
Further analysis stratified according to histologic subtypes
is needed to determine the exact prognosis of BCT and
mastectomy.

Our study still had several limitations. Firstly, other
known prognostic information such as lymphovascular
invasion was not available. Secondly, the bias of surgical
method selection was inevitable, because the selection was
determined not only by tumor size but also by the prefer-
ences of patient or surgeon. Thirdly, the data on endocrine
therapy could not be available in SEER database. Although
the percentages of receiving standard endocrine therapy
between the two groups is unknown, we could estimate the
percentages of endocrine therapy depending on the rates
of ER/PR + in the two groups, since most MBC patients
were hormone receptor positive and they who completed
appropriate locoregional treatment were likely to receive
standard endocrine therapy. As shown in Table 1, BCT
group had higher ER/PR + rates than mastectomy group
(P < .001), which implied there were more patients accept-
ing endocrine therapy in BCT group. To decrease the bias,
we have employed the ER/PR in the final multivariate anal-
yses of prognostic factors. The results demonstrated that
BCT still occupied a better overall survival. So we think
the results are reliable.

Therefore, further prospective clinical trials are warranted
to evaluate the exact prognosis and safety of BCT and mas-
tectomy in MBC.

5 | CONCLUSIONS

This large population-based study indicated patients who re-
ceived BCT had better prognosis than those received mastec-
tomy in T1-2 stage MBC, especially in patients at the age of
50-79 years. The use of radiotherapy showed OS benefit in
patients receiving BCT. Breast-conserving therapy might be

preferred over mastectomy especially in locoregional treat-
ment of T1-2 stage MBC.
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