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Background: Although marital status has been reported as a prognostic factor in different cancer types, its prognostic effect
on hormone receptor (HR) positive male breast cancer (MBC) is unclear. The objective of the present analysis
was to assess the effects of marital status on survival in patients with HR positive MBC.

Material/Methods: Patients diagnosed with HR positive MBC from 1990 to 2014 in the Surveillance, Epidemiology, and End Results
(SEER) database were included. Kaplan-Meier survival analysis and Cox proportional hazard regression were
used to identify the effects of marital status on cancer-specific survival (CSS) and overall survival (OS).

Results: A total of 3612 cases were identified in this study. Married patients had better 5-year CSS and 5-year OS than
unmarried men. In multivariate Cox regression models, unmarried patients also showed higher mortality risk
for both CSS and 0S, independent of age, race, grade, stage, PR status, HER2 status, and surgery. Subgroup
survival analysis according to different ER/PR status showed that married patients had beneficial CSS results
only in ER*/PR* subtype, and CSS in the married and unmarried groups did not significantly differ by TNM stage.
The results were further confirmed in the 1: 1 matched group.

Conclusions: Marital status was an important prognostic factor for survival in patients with HR positive MBC. Unmarried pa-
tients are at greater risk of death compared with married groups. The survival benefit for married patients re-
mained even after adjustment, which indicates the importance of spousal support in MBC.
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Material and Methods

Male breast cancer (MBC) is a rare disease, accounting for
around 1% of all breast cancers [1]. Although rare, its inci-
dence has steadily increased [2]. In 1991, an estimated 900
men in the United States were diagnosed with breast cancer;
the number increased to 2550 men by 2018 [3,4]. Although
the mortality and survival rates of both male and female
breast cancer patients have significantly improved, progress
in men has been slower [5]. Due to lack of prospective data
and limited retrospective series, MBC usually has been treat-
ed according to recommendations for female breast cancer
(FBC) [6]. Although MBC shares some features with FBC, it
significantly differs in prognostic factors, epidemiological fac-
tors, and biological behavior [7,8]. For example, MBC tends to
have higher rates of hormone receptor (HR) positivity com-
pared to FBC [5,7]. MBC is frequently positive for ERa. (91-95%)
and/or PR (80-81%) [5,9,10]. Therefore, identifying prognos-
tic factors in HR positive MBC can help to manage the major-
ity of MBC cases.

Most cancer research focuses on biological aspects; the ef-
fect of social or psychological factors, such as marital status,
on survival in cancer patients is much less studied. However,
marriage has been shown to function as a positive social sup-
port with a survival benefit for cancer patients [11]. The rela-
tionship between marital status and survival has been studied
for some cancers, including hepatocellular cancer [12], gastric
cancer [13], biliary tract cancer [14], colorectal cancer [15],
prostate cancer [16], pancreatic cancer [17] and breast can-
cer [18]. Marital status is an independent prognostic factor for
survival, and married patients gain a significant survival ben-
efit versus the unmarried, who are single, widowed, or sepa-
rated/divorced patients [19,20]. As for MBC, only 1 previous
study reported that unmarried men were more likely to pres-
ent with advanced disease at diagnosis and were at greater
risk for poorer outcomes compared with married men [21].
However, in that study, researchers did not control for con-
founding variables and the outcomes may have been subject
to a selection bias. Additionally, they only took stage into con-
sideration and could not discuss the effect of marriage on sur-
vival from other aspects, such as different ER/PR subtypes.

To our knowledge, no study has analyzed the influence of mar-
ital status on prognosis in HR positive MBC. Therefore, data
from Surveillance, Epidemiology, and End Results (SEER) da-
tabase was used to investigate the influence of marital sta-
tus on survival and on potential subtypes in HR positive MBC.

Patient population and study design

We obtained permission to access SEER research-data files
using the reference number 15983-Nov2016. Because no in-
formation from the SEER database requires informed patient
consent, it is considered exempt from the ethical approv-
al requirements of the institutional review board. The case
listing in this retrospective cohort study was generated by
SEER *Stat version 8.3.5, which contained data from 18 pop-
ulation-based cancer registries (1973-2014) and covered ap-
proximately 28% of the United States population (http://seer.
cancer.gov/). Male patients with first primary stages I-lll and
HR positive breast cancer diagnosed between 1990 and 2014
were selected from the SEER database. We selected the peri-
od starting from 1990 because HR status was introduced to
SEER in 1990. We choose 3612 patients according to the fol-
lowing criteria: (a) at least 18 years old at diagnosis; (b) male;
(c) diagnosed between 1990 and 2014; (d) known marital sta-
tus; (e) known race; (f) known residence type; (g) patholog-
ically confirmed breast cancer; (h) breast cancer as the first
and only malignant cancer diagnosis; (i) known histology; (j)
known grade; (k) American Joint Committee on Cancer stages
-1 at diagnosis; (1) known tumor size; (m) known lymph node
status; (n) HR positive (ER* or PR*); (0) known HER2 status; (p)
known surgical condition; (q) known radiotherapy condition;
(r) active follow-up; (s) known survival months after diagnosis;
and (t) known cause of death. We excluded patients for whom
the aforementioned data was missing. Eligible patients were
categorized by marital status, age at diagnosis, race, residence
type, histology, tumor grade, pathologic T stage, pathologic N
stage, ER status, PR status, HER2 status, surgery and radio-
therapy. Marital status at diagnosis was the primary variable
of interest, and classified as married or unmarried, the latter
of which included patients who were single, divorced, sepa-
rated, and widowed. The methods were performed in accor-
dance with the approved guidelines.

Statistical analyses

Clinicopathological features were compared between differ-
ent marital groups using the t-test and the y? test as appro-
priate. Cancer-specific survival (CSS) and overall survival (OS)
were estimated with the Kaplan-Meier method; differences
were calculated by the log rank test. Multivariate Cox propor-
tional hazards regression models were built for analyzing haz-
ard ratios of different prognostic variables. OS was defined as
the interval from breast cancer diagnosis until death due to
all causes (including breast cancer) or last follow-up. CSS was
measured from the date of diagnosis to either the date of
breast cancer death or the date of last contact. All variables for
which P<0.05 in univariate analyses were initially included in
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Patients diagnosed with MBC from 1990 to 2014 (n=7959)

Excluded:

never pathologically confirmed breast cancer (n=110)
Multiple primary cancers (n=2688)

l<— [ Unknown HR or HR negative (n=1017)

Unknow marital status (n=202)

In-situ, distant metastasis or un-staged disease (n=330)

Included in survival analysis (n=3612)

Figure 1. Diagram of analytic cohort for survival analysis. HR —
hormone receptor; MBC — male breast cancer.

multivariate analyses; for the Cox proportional hazards regres-
sion, age, race, PR, and radiotherapy were included although
P>0.05 for their respective univariate analyses, because they
are common confounders of MBC. We performed a 1: 1 case-
matched analysis based on marital status and matching for
age, race, residence, histology, grade, T-stage, N-stage, ER sta-
tus, PR status, HER2 status, surgery and radiotherapy, using
the propensity score matching method to control for confound-
ing variables. These analyses were performed with SPSS soft-
ware version 23.0 (IBM Corporation, Armonk, NY, USA). P<0.05
(2-sided) was considered significant.

Results

Patient baseline characteristics

From 1990 to 2014, 7959 men were diagnosed with invasive
breast cancer in the SEER database. From these records, we
excluded patients with missing records or exact data on any of
the abovementioned variables. The flow diagram of the study
selection process is shown in Figure 1. Finally, we identified
3612 eligible patients with MBC.

When we stratified HR positive MBC patient by marital status,
significant differences emerged (Table 1). Of these patients,
2548 (70.5%) were married and 1064 (29.5%) were unmar-
ried. The 2 groups significantly differed in age, race, patholog-
ic T stage, pathologic N stage, and surgical history. The mean
age of the entire cohort was 65 years (range: 23-103 years).
Unmarried patients were younger (64.8+14.3 vs. 65.3+12.3
years old, P=0.003), and had a lower proportion (77.0% vs.
89.2%, P<0.0001) of white patients and a higher proportion
(19.7% vs. 9.9%, P<0.0001) of black patients than the married
group. The married group was also more likely to have tumors
that were smaller in size (35.0% vs. 26.6%, P<0.0001), less like-
ly to have lymph node metastases (50.3% vs. 43.6%, P<0.0001)
and had a higher rate of surgery (87.5% vs. 85.2%, P=0.013).

CLINICAL RESEARCH

Impact of marital status on cancer-specific survival of HR
positive MBC patients

We used Kaplan-Meier analysis and log-rank test to evaluate
the impact of marital status on CSS of HR positive MBC pa-
tients (Figure 2A). The married group had a better 5-year CSS
rate than the unmarried group (90.8% vs. 83.8%, x?=28.501,
P<0.0001). In univariate analyses, race (P<0.0001), histology
(P<0.0001), grade (P<0.0001), pathologic T stage (P<0.0001),
pathologic N stage (P<0.0001), PR status (P<0.0001), HER2 sta-
tus (P=0.039), surgery (P<0.0001), and radiotherapy (P<0.0001)
were also significantly associated with CSS in HR positive MBC
patients (Table 2). In multivariate Cox regression analysis of
these factors, the unmarried group were found to have a signif-
icantly greater risk for cancer-specific mortality (hazards ratio:
1.394, 95% Cl: 1.153-1.687, P=0.001). Race, histology, grade,
pathologic T stage, pathologic N stage, PR status, and sur-
gery were validated as independent prognostic factors as well.

Interestingly, we observed a better 5-year CSS in the no-ra-
diotherapy group (90.1%) than among those who received ra-
diotherapy (85.3%). Complicated influence of unadjusted con-
founders was a possible reason, but the 2 groups showed no
significant difference in the multivariate analysis (Table 2).

Impact of marital status on overall survival (0S) of HR
positive MBC patients

Univariate analysis (Kaplan-Meier analysis) and multivariate
analysis (multivariate Cox regression analysis) were also used
to evaluate the effect of marital status on the overall surviv-
al (OS) of HR positive MBC patients (Table 3). Unmarried men
had worse 5-year OS than did married men (64.2% vs. 78.6%;
x?=79.335, P<0.0001; Figure 2B and Table 3). In univariate
analysis, age (P<0.0001), race (P<0.0001), histology (P=0.002),
grade (P<0.0001), pathologic T stage (P<0.0001), pathologic N
stage (P<0.0001), PR status (P=0.017), HER2 status (P=0.008),
and surgery (P<0.0001) were also associated with OS and they
were further included in multivariate Cox regression analy-
ses (Table 3). Marital status was also an independent prog-
nostic factor in the multivariate analysis after adding the oth-
er prognostic factors. Unmarried status significantly increased
overall mortality risk (hazard ratio: 1.548, 95% Cl: 1.373-1.746,
P<0.0001). We also included radiotherapy in the multivariate
analysis because it is an important confounder of MBC, al-
though the P value of radiotherapy in univariate analysis was
>0.05; radiotherapy still demonstrated a protective effect on OS
(hazard ratio: 0.824, 95% Cl: 0.717-0.947, P=0.006) after mul-
tivariate Cox regression. Age, race, grade, pathologic T stage,
pathologic N stage, HER2 status, and surgery were also asso-
ciated with OS in multivariate analysis (Table 3).
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Table 1. Baseline characteristic of male patients with HR positive breast cancer in SEER database, by marital status.

Total (%) Married (%) Unmarried (%)
Characteristic (%)
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Table 1 continued. Baseline characteristic of male patients with HR positive breast cancer in SEER database, by marital status.

otal (%)

Married (%)
2548 (70.5)

640 (25.1) 276

nmarried (%)

1064 (29.5)

ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2; PR — progesterone receptor. SEER — The Surveillance

Epidemiology and End Results.
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Figure 2. Kaplan-Meier survival curves for cancer-specific survival (CSS) and overall survival (OS) in married vs. unmarried male
patients with hormone receptor (HR) positive breast cancer. (A) CSS: %?=28.501, P<0.0001; (B) OS: ?=79.335, P<0.0001.

Survival analysis in matched groups

To control for confounding variables, we used case matching
to determine if these factors were responsible for the benefit
seen with marital status. A total of 1049 cases in the married
group were successfully matched with 1049 cases from the
unmarried group (Table 4). We also analyzed CSS and OS by
marital status with the case-matched cohorts. As with the total
group, the married group showed significant CSS and OS ben-
efits in stratified log-rank tests with matched pairs (Figure 3),
which was confirmed through multivariate analysis with the
Cox proportional hazards model performed on the propensity-
matched cohort. Univariate analysis of CSS and OS in matched

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

groups also showed results similar to Tables 2 and 3. However,
when compared with an unmatched cohort, race and histolo-
gy were not significantly associated with OS in the matched
cohort. In addition to marital status, multivariate Cox analy-
ses further confirmed the independent prognostic significance
of tumor grade, pathologic T stage, and pathologic N stage in
CSS and OS. We also found that PR status and surgery were
significantly associated with CSS (hazard ratio: 0.473,95% Cl:
0.555-0.995, P=0.046), but not OS. Although race did not reach
significance in univariate analysis, white race was associated
with improved OS in multivariate analysis when compared to
black race (hazard ratio: 1.285,95% Cl: 1.063-1.553, P=0.009).
The results are summarized in Tables 5 and 6.
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Table 2. Univariate and multivariate analyses for of CSS predictors in men with hormone receptor-positive breast cancer.

. 5-year Univariate analysis Multivariate analysis
Variables

€SS (%) P value

Marital status 28.501 <0.0001
"""" Maried %08  Referece
"""" Unmared 88 1394 1151687 0001
A 1214 o0sas
"""" o 88  Refeence
"""" so64 90 0950 07281238 0702
s g0 1203 0925-1566 | 0169
CRae 37467 <0001
"""" White 89  Referece
Black 99 1731 1369-2189  <0.0001
"""" Other 915 095  o0el7-1417 0753
Residencetype 0734 o063
"""" Metopolitan 891
"""" Non-metropolitan 864
Wistology 166 <0001
"""" Dutal s Refeece
"""" lobuar 924 o761  0240-2412 0642
"""" Othes 99 060 0416087 0007
Gade ss794 <0001

Z\ilffi/r?rgc?:t?;ely 92.1 Reference

Poorly/undifferentiated 82.8 1.611 1.336-1.942 <0.0001
Pathologic Tstage 69301 <0001
om0 %s Reference
o g9 2199 1577-3067  <0.0001
R 72 2838 1649-4883  <0.0001
PathologicNstage 313683 <0000l
"""" N w2 Refeence
T 87 236 €0.0001
e 4 a3 €0.0001
o o7 6261 €0.0001
CeRstaws o6  o0%s
"""" Negatve 892
"""" Positve 889
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Table 2. Univariate and multivariate analyses for of CSS predictors in men with hormone receptor-positive breast cancer.

- 5-year Univariate analysis Multivariate analysis
€SS (%) P value
PR status 26.386 <0.0001
"""" Negatve 842  Refeence
"""" Postve 83 069  0531-0844 0001
WER2statws 6467 003
"""" Negatve 91 Refeence
"""" Positve 88 1316 05753012 0516
Csurgey s7.175  <o0001
"""" N 742 Refeexe
v 93 0505 02900880 | 0016
Radiaton 1778 <0001
"""" Ne %1  Refeexe
e 53 0982 0802-1203 0860

Cl — confidence interval; CSS — cause-specific survival; ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2;
R — hazard ratio; PR — progesterone receptor.

Table 3. Univariate and multivariate analyses of OS predictors in men with hormone receptor-positive breast cancer.

. 5-year Univariate analysis Multivariate analysis
Variables 05 (%)

Marital status 79.335 <0.0001

"""" Marted 786  Refeence
. Unmaried 642 1548 1373-1746  <0.0001
Age 280203 <0000l
"""" o 89  Reference
"""" so64 84 1167  0930-1464 0182
s 640 3126 2534-3857  <0.0001
Raee 1834 <0000l
"""" White 749 Refeence
Bk 74 1378 1166-1629 <0.0001
"""" Othe 85 0791  0601-1.043 0097
Residencetype L1 o042
"""" Metropolitan 746
"""" Nom-metropolitan 727
Wistoogy 1256 0002
"""" putal 735  Reference
"""" lobuar 924 043 0179105 0066
"""" Othes 82 085  0679-1001 0052
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Table 3 continued. Univariate and multivariate analyses of OS predictors in men with hormone receptor-positive breast cancer.

5-year Univariate analysis Multivariate analysis

Variables 05 (%)

P value

fffffff

Poorly/undifferentiated 66.5 1.327 1.175-1.498 <0.0001
Pathologic Tstage 113607 <0001
Coom g4 Reference
T 0 1858 15312255  <0.0001
R ss9 2363 16803324 <0.0001
Pathologic Nstage a0864 <0001
"""" N 82 Refeence
T 2y 1669 14441930  <0.0001
o 60 2479 20353019 <0.0001
o ss6 2805 22263534 <0.0001
CeRstaws o265 oste
"""" Negatve 761
"""" Positve 75
CPRstaws 8173  oot7
"""" Negatve 76  Refeece
"""" Posive 745 080  07310% 0098
WeR2status 963 o008
"""" Negatve 77  Refeence
"""" Positve  es1 165 10192591 0041
Csugey 109767 <0001
"""" N 397 Reference
e 0694 0494-0976 0036
Radiaon oms oz
"""" N 7a0 Reference

Yes 75.8 0.824 0.717-0.947 0.006

Cl — confidence interval; ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2; HR — hazard ratio; OS — overall
survival; PR — progesterone receptor.
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Table 4. Characteristics of male patients with breast cancer by marital status, in 1: 1 matched groups.

Total (%) Married (%) Unmarried (%)

Characteristic (%)
1049 (100.0) 1049 (100.0)
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Table 4 continued. Characteristics of male patients with breast cancer by marital status, in 1: 1 matched groups.

Total (%)
2098 (100.0)

Characteristic (%)

1049 (100.0) 1049 (100.0)

HER2 status 0.418

"""" Negaive =~ 688 (328 3% (339 332 Gl
"""" Postve 93 (44 49 @7 4 @)
"""" Unknown 1317 (628) 664 (61.4) 673 (642
Csurgery 0792
"""" No e (2 32 61 3% 6&
e 1813 (864) 905 (863) %08 (866
"""" Unknown 217 (103 112 (07 105 (0o)
Radiation . 100
"""" N 155 (739 775 (3% 775 (39
Yes 548  (26.1) 274  (26.1) 274 (26.1)

ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2; PR — progesterone receptor.

A css B 05
1.0 1.0
0.8 0.8
S 061 2 061
E= =
5 041 & 044 L
S Marital status at diagnosis Marital status at diagnosi®™,
021 —1 Unmarried 02 —1 Unmarried N
-1 Maried 1 Maried
—+— Unmaried-censored —+— Unmaried-censored
1 —— Maried-censored ] —— Maried-censored
0.0 0.0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Survival months Survival months

Figure 3. Kaplan-Meier survival curves of 1: 1 matched group for cancer-specific survival (CSS) and overall survival (OS) in married vs.
unmarried male patients with hormone receptor (HR) positive breast cancer: (A) CSS: ?=4.730, P=0.030. (B) OS: %?=30.037,
P<0.0001.

Stratification analysis according to ER/PR status and
tumor stage

Based on ER and PR expression, HR positive MBC can be fur-
ther classified as ER7/PR*, ER*/PR™ and ER*/PR* subtypes. To
further investigate the prognostic effect of marital status on
CSS and OS in different subtypes, we stratified all the cases
by ER and PR expression and performed univariate analyses.
Of the 3532 cases, 31 were ER/PR*, 374 were ER*/PR- and
3127 were ER*/PR*. Distribution of these subgroups did not
significantly differ among the married and unmarried groups
(P=0.513; Supplementary Table 1). Kaplan-Meier curves for the
3 subgroups showed that only married patients with ER*/PR*

subtypes had better 5-year CSS and OS, but not the other 2
subtypes (Figure 4). Consequently, marriage clearly benefited
HR positive MBC prognosis among patients with ER*/PR* sub-
type. Relevance between marital status and stage at diagno-
sis was also shown by univariate logistic regression models
(see Supplementary Table 2), which found no significant dif-
ference in CSS between the married and unmarried groups
with respect to TNM stage, which was further confirmed in
matched groups.
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Table 5. Univariate and multivariate analyses of CSS predictors in 1: 1 matched groups of men with breast cancer.

. 5-year Univariate analysis Multivariate analysis
Variables
Css (%) 95% CI P value

Marital status 4.730 0.030

"""" Mared &4  Reference
"""" Unmaried 843 1273  1021-158 0032
A 1737 o420
"""" o 88  Refeence
"""" so64 87 108 07541401 0863
s g2 1203 0881641 0242
Rae 113 o007
"""" White 8o  Referece
"""" Bak 86 1475 1130-192%6 0004
"""" Other 89 0889 04541744 0733
Residencetype 1899 o037
"""" Metopolitan 864
"""" Non-metropolitan LS
Histology 7669 0022
"""" utll 8o  Refeece
"""" lobuar 87 13 01879867 0762
"""" Othes 99 o749 0505-1.109 0149
Gade 28005 <0001
dif\f,Z félé:;tizrately 89.0 Reference

Poorly/undifferentiated 79.4 1.438 1.142-1.811 0.002

Pathologic Tstage 2715 <0001
om0 90 Reference
o g2 1879 12482828 0003
R 6 2370 1287-4365 0.006
Pathologic Nstage 169063 - 00001
"""" N %9  Refeence
T 53 2354 17283207  <0.0001
e e 3979 27645727 <0.0001
o o1 5450 37457939 <0.0001
CeRstaws osto o2
"""" Negave 908
"""" Positve 858
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Table 5 continued. Univariate and multivariate analyses of CSS predictors in 1: 1 matched groups of men with breast cancer.

- 5-year Univariate analysis Multivariate analysis
CSS (%) P value
PR status 8.441 0.015
”””” Negatve 80  Reference
”””” Posive 86 0743 05550995 0046
WeR2statws s32 o000
”””” Negatve %9  Refeence
”””” Posive 7723 las  0581-3608 0427
Csugey 0247 <0001
”””” N 7 Reference
s so0 0438 0227-0848 0014
Radiaon s oot
”””” N sa Reference
s &7 104 0821-1352 0681

Cl — confidence interval; CSS — cause-specific survival; ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2;
HR — hazard ratio; PR — progesterone receptor.

Table 6. Univariate and multivariate analysis of OS predictors in 1: 1 matched groups of men with breast cancer.

Univariate analy

Variables ;Sy:';,;

Marital status 30.037 <0.0001

"""" Married 745 Reference
© Unmaried 648 1519 1315-1754  <0.0001
A 176879 <0000
"""" s 8  Refeence
"""" so64 799 1207 0929-159 0159
s sso 2965 23323769 <0.0001
CRae sse8 o013
"""" White e Referece
"""" Bak  es6 1285 1061553 0009
"""" Other 65 o085  0547-1275 0403
Residencetype 3073 o215
"""" Metopolitan 700
"""" Non-metropolitan 650
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Table 6 continued. Univariate and multivariate analysis of OS predictors in 1: 1 matched groups of men with breast cancer.

- 5-year Univariate analysis Multivariate analysis
0s (%) P value
Histology 6.614 0.037
”””” Dutal  es  Refeence
"""" lobuar 87 o747 0183305 0685
"""" Others 764 085 06461028 0084
CGade 2177 <0001
z\i/f;é/rf:ri?:tf:;ely 75.0 Reference

Yes 73.7 0.865 0.728-1.029 0.101

Cl — confidence interval; ER — estrogen receptor; HER2 — human epidermal growth factor receptor 2; HR — hazard ratio; OS — overall
survival; PR — progesterone receptor.
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Figure 4. Kaplan-Meier survival analysis of the effect of marital status on cancer-specific survival (CSS) and overall survival (OS) in
3612 male patients with breast cancer by estrogen receptor (ER) and progesterone receptor (PR) status. (A) CSS ER/PR*:

%?=0.016, P=0.899; (B) OS ER/PR*: x?=0.968, P=0.325; (C) CSS ER*/PR™: x?=0.030, P=0.862; (D) OS ER*/PR™: %?=1.578,

P=0.209; (E) CSS ER*/PR*: x2=9.557, P=0.002; (F) OS ER*/PR*: %?=16.475, P<0.001.
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Discussion

Because MBC is a relatively rare disease, prognostic evaluation
in MBC is often modeled after FBC. However, it is known that
FBC and MBC differ biologically. Incidence of hormone recep-
tor expression is strikingly different, and it is reportedly high-
er in MBC than in FBC [22]. Among MBC cases, receptor phe-
notypes were: ER*/PR* (86%), ER*/PR- (6%), ER/PR* (3%) and
ER/PR- (5%) [23]. Moreover, the presence of HR positive tu-
mors in men does not increase with age, which is common ob-
served in FBC [24]. As most MBC are HR positive, we carried
out this population-based study to better characterize prog-
nostic factors.

It has been confirmed that marital status is considered as a
protective survival factor in different cancer types [25-27].
However, effects of marital status on HR positive MBC survival
have not been fully examined. In this study, we first explored
the influence of marital status on CSS and OS in patients with
HR positive MBC; we found that both CSS and OS were better
in married patients than in their single, divorced, separated, or
widowed counterparts. In multivariable analyses, the beneficial
effect for married patients remained, even after adjusting for
age, race, residence, histology, grade, pathologic T stage, patho-
logic N stage, ER status, PR status, HER2 status, surgery, and ra-
diotherapy. As HR status is an important biologic prognostic in-
dicator in breast cancer, subgroup analysis later evaluated the
impact of marital status on survival by different HR phenotypes.

To our knowledge, this is the first study to find that marriage
is only associated with improved CSS among patients with the
ER*/PR* subtype. An earlier hypothesis for worse survival among
unmarried patients was that they tended to present with de-
layed diagnoses at advanced tumor stages [18,20]. However,
we found no significant difference in CSS between the married
and unmarried groups by TNM stage, which was confirmed in
matched groups. Obviously, delayed diagnosis alone cannot
explain the poorer survival outcomes in unmarried patients.

Our result show that marital status is associated with surviv-
alin patients with HR positive MBC and have emphasized the
relationship between marital status and survival rather than
causal relationships. Why marital status of married patients
serves as a protective factor warrants further study. However,
accumulating evidence suggested that physiological changes
that accompany stress and depression may affect cancer out-
comes through different mechanisms. Decreased psychosocial
support and psychological stress has been reportedly associat-
ed with immune dysfunction, which may contribute to tumor
progression and mortality [28,29]; and lack of social support
can depress natural killer cell activity [30], which could result
in disorders of various endocrine hormones [31,32]. Sex hor-
mone disorder is closely related to occurrence and development

CLINICAL RESEARCH

of breast cancer. A cohort study has associated depression
and anxiety with breast cancer recurrence [33]. Breast can-
cer patients, and male patients in particular, suffer from sig-
nificant psychological and socioeconomic stress [34]. With no
spouses to share their emotional burdens, unmarried cancer
patients may experience more distress, depression, and anx-
iety than married patients [35,36]. Although unmarried pa-
tients may have support from friends and family, this support
did not lead to lower psychological distress, whereas any ben-
eficial social support received by male cancer patients from
friends and family may be mediated by spousal support [36].
Psychosocial support from a spouse may ultimately translate
to less distress and greater fighting spirit to improve adherence
to cancer treatment [37,38]. Married patients are also more
likely than unmarried patients to have better family financial
circumstances, to seek treatment at more prestigious medical
centers, to accept curative therapies, and to comply with treat-
ment, all of which may contribute to better outcomes [39-41].

This study had some limitations. First, as important information
regarding chemotherapy or systemic therapy was not provid-
ed in SEER database, and could not be adjusted by our analy-
ses, whether they contributed to survival differences by mari-
tal status is unclear. Second, the SEER database only provides
the marital status at diagnosis, but details about the duration
or quality of the marriage, or any changes in marital status,
were not tracked, which might influence the prognosis of MBC
patients. Third, some important demographic factors were not
recorded in the SEER databases, such as education, insurance,
income status, and family status, all of which may influence
the effect of marital status on cancer survival [42,43]. Fourth,
data on ER, PR, and HER2 status were collected from different
local pathology laboratories and could not be further verified,
which might increase the possibilities of bias.

Conclusions

Despite these potential limitations, this study demonstrated
that marital status is an independent prognostic factor for sur-
vival in HR positive MBC patients. Unmarried patients are at
greater risk for overall and tumor cause-specific mortality in-
dependent of age, race, grade, stage, surgery, and radiothera-
py. Particularly, subgroup analysis showed that the beneficial
survival results of married patients in HR positive MBC is as-
sociated with ER*/PR* subtype. The main reasons for poor sur-
vival in unmarried patients can be explained hypothetically by
social support and psychological factors. Therefore, more social
and psychological supports should be provided for unmarried
patients. Further understanding of the potential associations
among the marital status, psychosocial factors and survival
outcomes may help to identify sound strategies of treatment
in HR positive MBC patients.
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Supplementary Tables

Supplementary Table 1. Men with breast cancer by ER/PR status.

Total (%) Married (%) Unmarried (%)

ER*PR~ 374 (10.6) 265 (10.6) 109 (10.5) 0.513

ER*PR* 3127 (88.5) 2213 (88.6) 914 (88.3)

ER — estrogen receptor; PR — progesterone receptor.

Supplementary Table 2. Characteristics and subgroup analysis of the effect of marital status on CSS by tumor stage in men with
hormone receptor-positive breast cancer.

Log rank Log rank

H 0y 1 ()
Married (%) Unmarried (%) 1 test () 1 test (¢)

CSS - cause-specific survival; Log Rank 2 test (a), adjusted Log Rank x? test (adjusted for age, race, residence, histology, grade,
pathologic T stage, pathologic N stage, ER status, PR status, HER2 status, surgery and radiotherapy); Log Rank 2 test (c), crude Log
Rank y? test.
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