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Abstract

Background: Marital status serves as an independent prognostic factor for survival
in a variety of cancers. However, its prognostic impact on soft tissue sarcoma (STS)
has not yet been established.

Objective: To investigate the impact of marital status on survival outcomes among
STS patients.

Methods: A total of 18 013 STS patients diagnosed between 2004 and 2015 were
extracted from Surveillance, Epidemiology, and End Results (SEER) database. The
marital status was classified into married, divorced, widowed, and single. Kaplan-
Meier analysis and multivariate Cox proportional hazards regression analysis were
conducted to establish the impact of marital status on the overall survival (OS) and
cancer-specific survival (CSS). Subgroup analyses were conducted based on age,
SEER historic stage and surgery condition. Propensity score matching (PSM) was
used to perform a 1:1 matched-pair analysis to minimize the group differences caused
by covariates.

Results: Married patients enjoyed better 5-year overall survival (OS) and 5-year
cancer-specific survival (CSS), compared with patients who were divorced, wid-
owed, and single, respectively. Multivariate Cox proportional hazards regression
analysis revealed that marital status was an independent prognostic and protective
factor for survival among STS patients, and unmarried status was associated with
higher mortality hazards for both OS and CSS. Additionally, widowed individuals
had the highest risks of overall and cancer-specific mortality compared to other un-
married groups. In the subgroup analyses, similar associations were also found.
Furthermore, marital status still remained an independent prognostic and protective
factor for both OS and CSS even in 1:1 matched-pair analysis.

Conclusions: Marital status was an independent prognostic and protective factor for
survival for STS patients. Widowed patients suffered the highest death risks among

the unmarried groups.
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1 | INTRODUCTION

Soft tissue sarcoma (STS) is a group of rare tumors.! More
than 50 histological subtypes have been identified, which vary
in clinical manifestation, therapy, and prognosis.2 It accounts
for approximately 1% of all solid tumors, with 5-6 new cases
per 100 000 people annually. And the 5-year overall survival
(OS) rate ranks from 55% to 65%.>* Several factors are asso-
ciated with poor prognosis, including age, pathological grade,
tumor stage at diagnosis, and whether surgery or radiotherapy
was performed or not. As the biopsychosocial medical model
has been present, psychological and social factors have been
more and more emphasized in cancers.’ Nowadays, multidis-
ciplinary treatment has been the treatment principle for STS
patients.” However, most clinicians mainly focused on patho-
physiologic and clinical features, without addressing the im-
pact of psychological and social factors on cancer.

Previous studies have shown that marital status is an indepen-
dent prognostic factor for survival, and married patients tended
to have better survival outcomes in esophageal cancer,'” primary
liver cancer,'! gastric cancer,'? gallbladder cancer, pancreatic
cancer,14 prostate cancer,15 and so on. However, some studies
have also reported that the long-term survival outcomes of can-
cer patients and marital status are not significantly correlated. 16-18
Despite multiple studies on marital status and cancer prognosis,
to our knowledge, neither retrospective nor prospective investi-
gation has been performed to explore the association between
marital status and prognosis among STS patients so far.

The aim of this study was to explore the impact of mar-
ital status on the survival of STS patients by virtue of the
Surveillance, Epidemiology, and End Results (SEER) data-
base, a US population-based sample covering approximately
30% of the population in the United States.

2 | MATERIALS AND METHODS

21 |

Research data were extracted from the SEER database-18 cohort
database (Incidence -SEER 18 Regs Research Data 4+ Hurricane
Katrina Impacted Louisiana Cases, Nov 2017 Sub [1973-2015
varying]), affiliating to the National Cancer Institute consists of
18 population-based cancer registries, which represents nearly
26% of the US population.19 Published data about incidence,
mortality, prevalence, survival, and marital status can be applied
to assess the impact of cancer in the general population.

Data sources

22 |

We extracted the information of patients diagnosed with STS
between 2004 and 2015 from SEER database via SEER-stat
software (SEER*Stat 8.2.1). Patients were included when

Inclusion and exclusion criteria

they met inclusion criteria as follow: (a) patients were aged
18 years or older at diagnosis; (b) the year of diagnosis was
limited from 2004 to 2015; and (c) histological types were
confined to fibromatous neoplasms (code: 8810, 8811, 8813,
8814, 8815, 8821, 8822, 8830, 8832, 8833, 8835, and 8836),
rhabdomyosarcoma (8901, 8902, 8910, 8912, 8920, 8921,
and 8991), specified (excluding Kaposi sarcoma; 8804,
8825, 8840, 8841, 8842, 8850, 8851, 8852, 8853, 8854, 8855,
8857, 8858, 8860, 8890, 8891, 8893, 8894, 8895, 8896, 8897,
8983, 8990, 8991, 9040, 9041, 9042, 9043, 9044, 9120, 9124,
9125,9130,9133,9150, 9170, 9251, 9252, 9540, 9560, 9561,
9571, 9580, and 9581), Kaposi sarcoma (9140), and unspeci-
fied soft tissue sarcoma (8800, 8801, 8802, 8803, 8805,
and 8806). The exclusion criteria included the patients: age
<18 years, unknown marital status, domestic partner, incom-
plete follow-up information, not the first tumor, all autopsy or
death certificate cases, unknown survival time, and unknown
cause of death.

23 |

The following variables were extracted from the SEER database,
including sex, age at diagnosis, race, year of diagnosis, marital
status, pathological grade, tumor size, SEER historic stage, insur-
ance record, surgery condition, vital status, cause of death, and
months of survival. Marital status was described as four groups:
married, divorced, single (never married), and widowed. STS
patients are divided into two groups based on age at diagnosis
(<60 years vs >60 years). Patients diagnosed in different eras
were also classified into three groups (2004-2007, 2008-2011,
and 2012-2015) to eliminate the survival differences resulting
from therapeutic developments for STS over the past decades.
Race was categorized as white, black, or others (American
Indian/AK Native, Asian/Pacific Islander, and unknown race).

Study variables

2.4 | Statistical analyses

The baseline characteristics of the STS patients were pre-
sented with descriptive statistics. The categorical variables
were expressed as frequency (percentages). The endpoints of
this study were OS and CSS. Kaplan-Meier survival analysis
and a log-rank test were used to compare survival difference
between groups. Multivariable Cox proportional hazards re-
gression analysis was used to identify the prognostic factors
for survival outcomes among STS patients.

To minimize the covariates differences across groups, we
conducted a 1:1 propensity score matching (PSM) analysis
as follows: (a) Propensity scores were calculated for marital
status (married and unmarried) for each patient with a binary
logistic regression model that included all the aforementioned
covariates; (b) using a nearest-neighbor algorithm, we con-
ducted 1:1 matching for married and unmarried patients with
no replacement; (c) after matching, all baseline covariates
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TABLE 1 Baseline demographic and clinical characteristics of STS patients according to marital status in SEER database
Total Married Unmarried Divorced Single
Characteristic (%) (%) (%) (%) Widowed (%) (%)
18 013 (100) 10 791 (59.91) 7222 (40.09) 1573 (8.73%) 1791 (9.94) 3858 (21.42)

Sex

Male 9064 (50.32) 6015 (33.39) 3049 (16.93) 641 (3.56) 435 (2.41) 1973 (10.95)

Female 8949 (49.68) 4776 (26.52) 4173 (23.16) 932 (5.17) 1365 (7.53) 1885 (10.47)
Age

<60 10 011 (55.58) 5998 (33.30) 4013 (22.28) 837 (4.64) 152 (0.84) 3024 (16.79)

>60 8002 (44.42) 4793 (26.61) 3209 (17.81) 736 (4.09) 1639 (9.10) 2297 (4.63)
Race

White 14 338 (79.60) 8926 (49.55) 5412 (30.05) 1263 (7.01) 1453 (8.07) 2696 (14.97)

Black 2098 (11.65) 833 (4.63) 1265 (7.02) 210 (1.17) 195 (1.08) 860 (4.77)

Others® 1577 (8.75) 1032 (5.73) 545 (3.02) 100 (0.55) 143 (0.79) 302 (1.68)
Diagnosis year

2004-2007 5805 (32.23) 3499 (19.42) 2306 (12.80) 492 (2.73) 681 (3.78) 1133 (6.29)

2008-2011 5793 (32.16) 3533 (19.62) 2260 (12.55) 494 (2.74) 553 (3.07) 1213 (6.74)

2012-2015 6415 (35.61) 3759 (20.87) 2656 (14.74) 587 (3.26) 557 (3.09) 1512 (8.39)
Pathological grade

Grade I 3513 (19.50) 2255 (12.52) 1258 (6.98) 278 (1.54) 259 (1.43) 721 (4.00)

Grade II 3166 (17.58) 1891 (10.50) 1275 (7.08) 254 (1.41) 268 (1.49) 753 (4.18)

Grade 111 4456 (24.74) 2578 (14.31) 1878 (10.43) 389 (2.16) 522 (2.90) 967 (5.37)

Grade IV 6878 (38.18) 4067 (22.58) 2811 (15.60) 652 (3.62) 742 (4.12) 1417 (7.87)
Tumor size

<10 cm 8906 (49.44) 5470 (30.37) 3436 (19.08) 732 (4.06) 871 (4.83) 1833 (10.18)

10-20 cm 5148 (28.58) 3013 (16.72) 2135 (11.85) 490 (2.72) 504 (2.80) 1141 (6.34)

>20 cm 2280 (12.66) 1334 (7.41) 946 (5.25) 208 (1.16) 224 (1.24) 514 (2.85)

Unknown 1679 (9.32) 974 (5.41) 705 (3.91) 143 (0.79) 192 (1.07) 370 (2.05)
SEER historic stage

Localized 10723 (59.53) 6570 (36.48) 4153 (23.06) 898 (4.99) 1037 (5.76) 2218 (12.31)

Regional 4532 (25.16) 2698 (14.97) 1834 (10.18) 406 (2.25) 476 (2.64) 952 (5.29)

Distant 2758 (15.31) 1523 (8.46) 1235 (6.85) 269 (1.49) 278 (1.54) 688 (3.82)
Insurance status

Insured 11 068 (61.45) 7236 (40.17) 3832 (21.27) 910 (5.05) 1046 (5.81) 1876 (10.41)

Any Medicaid 1881 (10.44) 655 (3.64) 1226 (6.80) 221 (1.23) 185 (1.04) 820 (4.55)

Uninsured 604 (3.35) 222 (1.23) 382 (2.12) 66 (0.37) 26 (0.14) 290 (1.62)

Unknown 4460 (24.76) 2678 (14.87) 1782 (9.90) 376 (2.09) 534 (2.96) 872 (4.84)
Surgery

No 2120 (11.77) 1105 (6.14) 1015 (5.63) 219 (1.22) 313 (1.74) 483 (2.68)

Yes 15 893 (88.23) 9686 (53.77) 6207 (34.46) 1573 (7.52) 1478 (8.20) 3375 (18.74)

“Included American Indian/Alaska Native, Asian/Pacific Islander, and unknown race.

between the two group before and after propensity scores were
matched based on standardized difference(SD) of <0.1, which
indicated that these covariates between the two groups were
well-balanced.

Kaplan-Meier analysis, log-rank test, and Cox pro-
portional hazards regression were analyzed by R version

3.4.1 (https://www.r-project.org/). The R packages used
in this study included rms, survival, survminer, and gg-
plot2. Propensity score matching was conducted by SPSS
for Windows, version 22 (SPSS Inc, Chicago, IL, USA).
All P values were two-sided, and P < 0.05 was consid-
ered to be statistical significance.
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3 | RESULTS
3.1 | Baseline demographic and clinical

characteristics of STS patients

A total of 18 013 eligible STS patients diagnosed between 2004
and 2015 were identified in our study, including 9064 (50.32%)
male and 8949 (49.68%) female patients. Details of demo-
graphic and clinical characteristics are summarized in Table 1.
Among these patients, 10 791 (59.91%) were married, and 7222
(40.09%) were unmarried, including 1573 (8.73%) divorced,
1791 (9.94%) widowed, and 3858 (21.42%) single. In general,
compared with married patients, the unmarried tended to be
female, be diagnosed at later stage, and were less likely to un-
dergo surgery. Among the unmarried patients, the single group
had the highest proportions of men (10.95%), the most younger
patients (16.79%), smaller tumor size (10.18%), localized stage
(12.31%), higher pathological grade (7.87%), insured status
(10.41%), and were more likely to receive surgery (18.74%).
In addition, no differences were observed in the patients’ race,
which had a SD of 0.058, and diagnosis year (SD: 0.024).

3.2 | Impact of marital status on overall
survival (OS) and cancer-specific survival
(CSS) among STS patients.

We performed a Kaplan-Meier analysis and log-rank test
to reveal the difference in overall survival (OS) accord-
ing to marital status. The married patients had a better
5-year OS rate than those unmarried (63.4% vs 49.5%,
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FIGURE 1

P < 0.001). These survival differences were also sig-
nificant in the log-rank test (Figure 1A). After adjust-
ment for potential confounders such as sex, age, race,
diagnosis year, pathological grade, tumor size, SEER
historic stage, and surgery condition, multivariate Cox
proportional hazards regression analysis demonstrated
that marital status was an independent and protective
factor for OS. And compared with married patients (as
the reference group), unmarried patients had higher
risks of mortality for OS (HR: 1.28, 95% CI: 1.22-1.34,
P < 0.001; Table 2).

Similar to OS, the Kaplan-Meier survival curve showed
that cancer-specific survival (CSS) among patients with
different marital statuses was significant (log-rank test
P <0.001; Figure 1B). The 5-year CSS rate of married
patients was 65.8%, which was higher than that of unmar-
ried patients (57.1%; P < 0.001). In the multivariate Cox
proportional hazards regression analysis, a similar trend
was observed that marital status served as an independent
prognostic and protective factor for CSS and unmarried
patients suffered higher death risks of CSS than those
who are married (HR: 1.19, 95% CI: 1.13-1.26, P < 0.001;
Table 3).

In addition, age, pathological grade, tumor size, SEER
historic stage, and surgery condition were also confirmed as
independent prognostic factors for both OS and CSS in the
multivariate Cox proportional hazards regression analysis.
The detailed description of each prognostic factor is listed in
Tables 2 and 3.
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Kaplan-Meier survival plots of STS patients according to marital status. A, Overall survival; B, cancer-specific survival
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TABLE 2 Univariate and multivariate
survival analysis for evaluating the impact
of marital status on overall survival (OS)

among STS patients

Variables 5-y OS
Marital status
Married 63.4%
Unmarried  49.5%

Sex
Male 57.4%
Female 50.5%
Age
<60 63.5%
>60 47.1%
Race
White 60.0%
Black 50.4%
Others 56.3%

Diagnosis year
2004-2007  56.2%
2008-2011  58.7%
2012-2015  60.5%

Pathological grade
Grade [ 84.3%
Grade II 74.1%
Grade III 46.1%
Grade IV 42.2%

Tumor size
<10 cm 65.2%
10-20 cm 50.3%
>20 cm 46.6%

SEER historic stage
Localized 70.8%
Regional 49.3%

Distant 12.3%
Insurance status
Insured 58.1%
Any 43.1%
Medicaid

Uninsured 54.8%

Surgery
Yes 11.7%
No 62.0%
3.3 | Impact of different unmarried statuses

on overall survival (OS) and cancer-specific
survival (CSS) among the STS patients

Furthermore, in order to investigate whether different unmar-
ried statuses could contribute to worse prognosis than being

.. 469
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Univariate analysis Multivariate analysis

Log-Ranky* P HR 95% CI P value

217 <0.001 Reference
1.28 1.22-1.34 <0.001

5.3 0.02 Reference
0.96 0.92-0.99 0.02

636 <0.001 Reference
1.89 1.79-1.98 <0.001

29.7 <0.001 Reference
1.06 0.98-1.14 0.12
0.93 0.85-1.01 0.09

21 <0.001 Reference
0.95 0.87-1.03 0.21
0.89 0.81-0.97 0.01

2085 <0.001 Reference
1.71 1.52-1.89 <0.001
3.71 3.38-4.07 <0.001
3.75 3.43-4.10 <0.001

613 <0.001 Reference
1.47 1.39-1.55 <0.001
1.67 1.55-1.79 <0.001

5706 <0.001 Reference
1.63 1.54-1.73 <0.001
3.80 3.57-4.05 <0.001

142 <0.001 Reference
1.31 1.21-1.42 <0.001
1.14 0.99-1.31 0.06

4883 <0.001 Reference
0.33 0.31-0.37 <0.001

married, we divided unmarried patients into three subgroups:
divorced, widowed, and single. Kaplan-Meier survival analy-
sis showed the 5-year OS rate was 60.7% in the married group,
53.4% in the divorced group, 36.7% in the widowed group,
and 54.3% in the single group. Widowed patients had the low-
est rate of survival and the shortest survival time (P < 0.001;
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Variables 5-y CCS
Marital status
Married 65.8%
Unmarried  57.1%
Sex
Male 65.5%
Female 60.4%
Age
<60 65.8%
>60 57.1%
Race
White 54.3%
Black 60.0%
Others 58.5%
Diagnosis year
2004-2007  62.5%
2008-2011  61.9%
2012-2015  65.0%
Pathological grade
Grade I 91.2%
Grade II 80.3%
Grade 111 48.8%
Grade IV 47.9%
Tumor size
<10 cm 71.9%
10-20 cm 55.8%
>20 cm 52.0%
SEER historic stage
Localized 77.8%
Regional 51.9%
Distant 13.9%

Insurance status

Insured 64.3%
Any 50.1%
Medicaid
Uninsured  59.3%
Surgery
Yes 15.3%
No 68.2%

Figure 2A). After adjustment for other factors via the multi-
variate Cox proportional hazards regression analysis, divorced
patients (HR: 1.18; 95% CI: 1.09-1.28; P < 0.001), widowed
patients (HR: 1.58; 95% CI: 1.47-1.69; P < 0.001), and sin-
gle patients (HR: 1.26; 95% CI: 1.18-1.33; P < 0.001) all had

Univariate analysis

TABLE 3 Univariate and multivariate

Multivariate analysis . . . .
survival analysis for evaluating the impact

Log-Rank )(2 P

131 <0.001
24.4 <0.001
174 <0.001
40.1 <0.001
1.8 0.4
2182 <0.001
693 <0.001
6332 <0.001
124 <0.001
4763 <0.001

worse OS than married patients (Table 4).

HR 95% CI P value of marital status on cancer-specific survival
(CSS) among STS patients

Reference

1.19 1.13-1.26 <0.001
Reference

1.03 0.98-1.09 0.190
Reference

1.49 1.42-1.57 <0.001
Reference

1.05 0.97-1.14 0.168
0.97 0.89-1.07 0.551
Reference

0.95 0.86-1.05 0.319
0.89 0.81-0.99 0.042
Reference

2.34 2.03-2.69 <0.001
5.74 5.06-6.49 <0.001
5.89 5.22-6.66 <0.001
Reference

1.58 1.49-1.68 <0.001
1.84 1.69-1.99 <0.001
Reference

1.88 1.76-2.01 <0.001
4.47 4.16-4.79 <0.001
Reference

1.26 1.15-1.37 <0.001
1.08 0.93-1.26 0.281
Reference

0.32 0.31-0.35 <0.001

Regarding CSS, the 5-year CSS rate of the married pa-
tients was 65.8%, while those of the divorced, widowed, and
single patients was 60.0%, 50.1%, and 59.1%, respectively.
And among those unmarried patients, widowed patients had
the worst OS outcomes (Figure 2B). After controlling other
baseline characteristics, divorced patients (HR: 1.15; 95% CI:
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FIGURE 2 Kaplan-Meier survival plots of the STS patients among married, divorced single, and widowed patients. A, Overall survival; B,

cancer-specific survival

TABLE 4 Univariate and multivariate
survival analysis for evaluating the impact

of different unmarried statues on overall Variables 5-y OS
survival (OS) among STS patients Marital status
Married 60.7%
Divorced 53.4%
Widowed 36.7%
Single 54.3%

1.05-1.26; P < 0.001), widowed patients (HR: 1.19; 95% CI:
1.12-1.26; P < 0.001), and single patients (HR: 1.38; 95%
CI: 1.27-1.51; P <0.001) all had worse CSS than married
patients (Table 5).

3.4 | Subgroup analysis of the effects of
different marital statuses on overall survival
(OS) among STS patients

Studies have reported the prognosis of STS patients is as-
sociated with age, clinical stage, and type of treatment.””
Our study has also identified several variables including age,
SEER historic stage, and surgery condition as risk factors for
STS mortality, based on multivariate Cox proportional haz-
ards regression model analysis. Therefore, subsequently, we
further explored the impact of different marital statuses on

Univariate analysis Multivariate analysis

Log-Rank* P HR 95% CI P value
131 <0.001 Reference
1.18 1.09-1.28  <0.001
1.58 1.47-1.69  <0.001
1.26 1.18-1.33  <0.001

the OS of STS patients in the following subgroups that strati-
fied by those variables. The results indicated that the marital
status remained as an independent prognostic factor for better
OS in most of the subgroups.

Multivariate analysis showed that married patients
of both age groups had better OS than other patients (all
P < 0.001). The widowed suffered the highest risk mortality
for OS, no matter they were older or younger than 60 years
old (Figure 3A,B). Surprisingly, divorced older than 60
years old (P = 0.053) showed no survival differences from
married patients of similar age range (Table 6). We then an-
alyzed OS and HR based on different SEER historic stages,
no matter which stage they were diagnosed, the married
individuals enjoyed better survival outcomes than unmar-
ried ones (Figure 4A-C). Interestingly, when compared with
married patients, divorced patients with regional or distant
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Univariate analysis

Multivariate analysis

TABLE 5 Univariate and multivariate

Variables 5.y CSS Log-Ranky P HR
Marital status
Married 65.8% 194 <0.001 Reference
Divorced 60.0% 1.15
Widowed 50.1% 1.19
Single 59.1% 1.38
A <60y
Strata ~+ Married ~+ Divorced ~+ Single —+ Widowed
1.00 1
< 0751
©
=
g
7 0.501
T
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6 0.254
’ P<0.0001
0.001
0 50 100 150
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o 15908 2612 0
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Survival time (months)

FIGURE 3

disease displayed no higher risk death for OS (Table 7).
Furthermore, we stratified these patients by surgery condi-
tion. Consistent with previous results, married patients still
enjoyed significant survival advantages and the widowed
remained the highest death risks of OS in all the compari-
sons (Figure 5A,B, Table 8).

3.5 | Propensity score matching and
survival analysis in 1:1 matched-pair cohort
for STS patients

In order to minimize the possible bias in baseline character-
istics between married group and unmarried group and verify
the accuracy and reliability of our results, we conducted a pro-
pensity score matching (PSM) in 1:1 matched-paired cohort.
The standard difference (SD) between all the baseline char-
acteristics decreased significantly after PSM. Considering a

survival analysis for evaluating the impact

95% CI P value of different unmarried statues on cancer-
specific survival (CSS) among STS patients
1.05-1.26 0.002
1.12-1.26 <0.001
1.27-1.51 <0.001
B 260y
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Survival curves for ST patients according to marital status in different age groups. A, Age < 60 y; B, age > 60 y

SD <0.1 as a cutoff for balance, the distribution of sex, age,
race, diagnosis year, SEER historic stage, insurance status,
and surgery condition reached good balance. Finally, we ob-
tained 10 028 patients including 5014 married patients and
another 5014 unmarried ones. Table 9 summarizes the co-
variate balance between the married group and the unmarried
group before and after PSM.

Despite the similar basic characteristics, married patients
still remained better survival outcomes than those unmar-
ried in the Kaplan-Meier survival analysis. The 5-year OS
rate was 60.3% in the married group and 55.4% in unmar-
ried group (P < 0.001; Figure 6A). And likewise, the 5-year
CSS of married patients was 65.4%, which was significantly
higher than those in unmarried group (62.7%; P < 0.001;
Figure 6B).

To guarantee the reliability, we further performed univar-
iate Cox proportional hazards regression analysis. Although
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TABLE 6 Univariate and multivariate
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Univariate analysis Multivariate analysis

analysis for evaluating the impact of marital 5-y
status on overall survival (OS) based on Variables OS Log-Ranky* P HR 95% CI P
different age groups Age
=<60
Married 67.3% 94.4 <0.001 Reference
Divorced 56.9% 1.46 1.31-1.65  <0.001
Widowed 53.3% 1.64 1.29-2.09  <0.001
Single 58.2% 1.35 1.26-1.46  <0.001
>60
Marital status
Married 52.3% 177 <0.001 Reference
Divorced 49.3% 1.12 0.99-1.25 0.053
Widowed 35.2% 1.65 1.52-1.78  <0.001
Single 39.5% 1.44 1.30-1.59  <0.001
A Localized stage B Regional stage c Distant stage
Strata ~+ Married < Divorced <+ Single ~+ Widowed Strata ~+ Marnied ~+ Divorced ~ Single —~+— Widowed Strala ~+ Mariied ~+ Divorced =+ Single ~+ Widowed
1.00
£ o7 g g
g g g
E: = 2
% 050 » %
g E 3
o o g
9 e 1 © %1 p<o.0001 e &
0.00 0.001
0 50 100 150 0 50 100 150 0 50 100 150
Survival time (months) Survival time (months) Survival time (months)
Number at risk Number at risk Number at risk
0 50 100 150 0 50 100 150 0 50 100 150

Survival time (months)

Survival time (menths)

Survival time (months)

FIGURE 4 Survival curves for ST patients according to marital status in different disease stages. A, Localized stage; B, regional stage; and

C, distant stage

the HR was not higher after PSM than before PSM, unmar-
ried patients still suffered higher death risks of both OS (HR:
1.23; 95% CI: 1.16-1.32; P < 0.0001) and CSS (HR: 1.17;
95% CI: 1.09-1.25; P < 0.0001) than those who were married
patients (Tables 10 and 11).

4 | DISCUSSION

Despite an uncommon cancer, our study was the largest one
to investigate the impact of marital status on survival out-
comes among STS population. For the first time, we found
that marital status was an independent prognostic factor
for STS patients and demonstrated that married patients
showed significant survival advantages over unmarried

patients, including divorced, widowed, and single patients.
Particularly, subgroup analyses were performed based on
several established risk factors in this study or others. And
it showed marital status could independently predict mortal-
ity risk in most of the age, SEER historic stage, and surgery
subgroups. Furthermore, in order to balance the covariates
between the married and unmarried groups and verify our re-
sults, we performed a 1:1 propensity score matched analysis.
After matching, marital status was confirmed again as an in-
dependent prognostic and protective factor for STS patients,
and married patients enjoy lower overall and cancer-specific
risk mortality than the unmarried. In addition, age, pathologi-
cal grade, tumor size, SEER historic stage, and surgery were
also independent prognostic factors for STS patients, which
were consistent with previous studies.”!%
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Univariate analysis

Multivariate analysis

Variables 5-y OS  Log-Rank i P

SEER stage

Localized

Marital status

Married 75.3% 459 <0.001
Divorced 67.2%
Widowed  47.1%
Single 70.4%

Regional

Marital status
Married 52.3% 93.5 <0.001
Divorced 49.8%
Widowed  31.9%
Single 49.5%

Distant

Marital status

Married 13.5% 36.8 <0.001
Divorced 11.1%
Widowed 6.7%
Single 11.9%

A Surgery performed

HR 95% CI P value
Reference

1.36 1.21-1.56 <0.001
2.78 2.52-3.07 <0.001
1.18 1.07-1.30 <0.001
Reference

1.11 0.95-1.29 0.264
1.81 1.59-2.04 <0.001
1.07 0.96-1.21 0.181
Reference

1.19 1.03-1.37 0.017
1.52 1.3-1.74 <0.001
0.94 0.95-1.17 <0.308

TABLE 7 Univariate and multivariate
analysis for evaluating the impact of marital
status on overall survival (OS) based on
different SEER stages

B Surgery not performed
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FIGURE 5 Survival curves for ST patients according to marital status in different surgery groups. A, Surgery performed; B, surgery not

performed
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Furthermore, our study indicated that younger STS pa-
tients (<60 years) benefit more from marriage than older
patients (>60 years) do. There are several potential reasons
for this age discrepancy. First, marriage may grant more men-
tal and financial support to younger than to older. Second,
most youngers tend to have unhealthy habits such as smoking
and drinking than elders do, indicating that youngers benefit
more than elders from the lifestyle changes caused by marital
status. In addition, the proportion of widowed elderly patients
was the highest (9.1%) among those who were unmarried;
this suggested that the poorest survival outcomes of the wid-
owed individuals may also be associated with age.

Interestingly enough, several studies have reported that
insurance status is associated with better prognosis in certain
cancers.'"!? In our study, we also demonstrated insurance
status was an independent and protective factor for STS pa-
tients. And the proportion of patients with insurance was the
highest in the single group, at 10.41% (compared with 5.05%
in the divorced group and 5.81% in the widowed group).
These results suggest to us that insurance is especially im-
portant for unmarried patients, which will provide more sta-
bility and security to them. However, compared with married
people, unmarried patients, especially for single individuals,
showed a distinct tendency to receive no surgery, partly re-
sulting in their survival disadvantages.24 Early detection was
closely associated with better prognosis for STS.” However,
in our study, this trend was less obvious since we conducted a
1:1 matched-paired cohort analysis by PSM. After matching,
the percentages of patients with localized and regional stage
or distant metastasis were comparable between two groups.
Therefore, survival benefits in the married group did not stem
from the advantage of early detection.

Survival benefits associated with marriage have been
supported by several studies; however, the underlying

TABLE 8 Univariate and multivariate
analysis for evaluating the impact of marital
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mechanisms have been not completely elucidated. A bet-
ter explanation may lie in physiological psychology and
socio-economics. From a physiological psychology per-
spective, as a lethal disease which brings serious threat to
human health, cancer damages physical health and leads
to adverse psychological stress reaction at the same time.
A cancer patient usually experiences higher levels of psy-
chological stress and depression,26 and this can result in
the imbalance of neuro-endocrine-immune network®’ via
glucocorticoid resistance and increased catecholamines.?®
It has been well documented that glucocorticoid resistance
and catecholamine could promote tumor growth, invasion,
and metastasis through immunosuppressive actions.”* In
addition, extensive epidemiological evidence shows psy-
chological stress also affects individual behaviors such
as smoking, alcohol consumption, overeating, and drug
abuse that in turn adversely affect an individual’s health
and mortality.”’

For cancer patients, they often need more emotional sup-
ports than other patients. In addition to creating feelings of
warmth and closeness, emotional support can help inoculate
them from psychological stress and depression. Because of
spouse emotional support and help, married patients display
less stress and depression than their unmarried counterparts
after a cancer was diagnosed.32 Kamen et al. conducted an
analysis of 292 prostate cancer patients to explore the rela-
tionship between partner support and psychological stress.
In their study, married patients with enough spouse support
were more likely under lower levels of psychological distress
than unmarried patients.*?

The adherence to medical advice and therapy is also im-
portant for cancer patients. A recent meta-analysis indicates
that married patients usually have better adherence and tol-
erance with prescribed treatments and regular follow-ups,

Univariate analysis Multivariate analysis

status on overall survival (OS) based on Variables 5.yOS Log-Ranky’ P HR 95% CI P value
surgery condition Surgery
Performed
Marital status
Married 65.9% 384 <0.001  Reference
Divorced 60.1% 1.23 1.12-1.35 <0.001
Widowed  42.9% 2.11 1.96-2.28 <0.001
Single 32.9% 1.18 1.11-1.25 0.024
Not performed
Marital status
Married 14.2% 13.5 0.004  Reference
Divorced 8.8% 1.18 1.01-1.39 0.036
Widowed 6.7% 1.26 1.10-1.45 0.007
Single 9.9% 1.04 0.92-1.17 0.051
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TABLE 9 Patient characteristics before and after propensity score matching (PSM)
Before matching After matching
Married Unmarried Standard Married Unmarried
Characteristic (%) (%) Difference (%) (%) Standard Difference
10791 (59.91) 7222 (40.09) 5014 (50%) 5014 (50%)
Sex
Male 6015 (33.39) 3049 (16.93) 0.135 2265 (22.58) 2278 (22.72) —0.003
Female 4776 (26.52) 4173 (23.16) 2749 (27.41) 2736 (27.28)
Age
<60 5998 (33.30) 4013 (22.28) 0.012 2806 (27.98) 2828 (28.20) —0.004
>60 4793 (26.61) 3209 (17.81) 2208 (22.02) 2186 (21.80)
Race
White 8926 (49.55) 5412 (30.05) 0.058 4246 (42.34) 4246 (42.34) 0.000
Black 833 (4.63) 1265 (7.02) 467 (4.65) 468 (4.67)
Others 1032 (5.73) 545 (3.02) 301 (3.00) 300 (2.99)
Diagnosis year
2004-2007 3499 (19.42) 2306 (12.80) 0.024 1644 (16.39) 1612 (16.07) 0.006
2008-2011 3533 (19.62) 2260 (12.55) 1564 (15.60) 1600 (15.96)
2012-2015 3759 (20.87) 2656 (14.74) 1806 (18.01) 1802 (17.97)
Pathological grade
Grade I 2255 (12.52) 1258 (6.98) 0.081 903 (9.02) 916 (9.13) —-0.012
Grade II 1891 (10.50) 1275 (7.08) 868 (8.65) 873 (8.72)
Grade III 2578 (14.31) 1878 (10.43) 1218 (12.14) 1217 (12.13)
Grade IV 4067 (22.58) 2811 (15.60) 2025 (20.19) 2008 (20.02)
Tumor size
<10 cm 5470 (30.37) 3436 (19.08) 0.053 2646 (26.39) 2667 (26.60) -0.014
10-20 cm 3013 (16.72) 2135 (11.85) 1429 (14.25) 1439 (14.35)
>20 cm 1334 (7.41) 946 (5.25) 576 (5.74) 563 (5.61)
Unknown 974 (5.41) 705 (3.91) 363 (3.62) 345 (3.44)
SEER historic stage
Localized 6570 (36.48) 4153 (23.06) 0.064 3175 (31.66) 3177 (31.68) 0.001
Regional 2698 (14.97) 1834 (10.18) 1195 (11.92) 1191 (11.88)
Distant 1523 (8.46) 1235 (6.85) 644 (6.42) 646 (6.44)
Insurance status
Insured 7236 (40.17) 3832 (21.27) 0.169 3172 (31.63) 3136 (31.27) 0.003
Any medicaid 655 (3.64) 1226 (6.80) 370 (3.69) 396 (3.95)
Uninsured 222 (1.23) 382 (2.12) 95 (0.95) 137 (1.37)
Unknown 2678 (14.87) 1782 (9.90) 1377 (13.73) 1345 (13.41)
Surgery
No 1105 (6.14) 1015 (5.63) —0.038 417 (4.16) 421 (4.20) —0.001
Yes 9686 (53.77) 6207 (34.46) 4597 (45.84) 4593 (45.80)

partly through supports from their spouses.”* Increased
psychological stress and less social support may result
in worse cancer outcomes. Hence, under the current con-
cept of multidisciplinary treatment for cancer, the clinical
value of psychological intervention should be emphasized

again. And perhaps more aggressive health education and
reminder interventions should be taken regularly among
unmarried patients.

From a socio-economic perspective, a cancer diagno-
sis means not only physical and psychological suffering,
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FIGURE 6 Kaplan-Meier survival curves of the STS patients according to marital status after propensity score matching (PSM). A, Overall

survival; B, cancer-specific survival

TABLE 10 Univariate analysis of
overall survival (OS) for STS patients after

propensity score matching (PSM) Variables

Marital status

Married
Unmarried
TABLE 11 Univariate analysis of
cancer-specific survival (CSS) for STS
patients after propensity score matching Variables

(PSM) Marital status

Married

Unmarried

but also any adverse impact on the economic burden. A
large systematic review of researches published since 1995
was conducted to assess the association of cancer survival
with socio-economic status. And it indicated that married
patients usually possess strong financial resources, >
which made it easier to get access to expensive therapies
and thus was associated with better prognosis. Besides,
they may also get additional health care from their spouses.
Otherwise, unmarried patients may tend to have economic
difficulties, weaker ability to pay, but they must bear the
same cost, so they should greater disease economic bur-
den relatively.37 In our study, compared with unmarried

Univariate analysis

5.y OS HR (95% CI) Log-rank y* P value
60.3% Reference 30 <0.001
55.4% 1.23 (1.16-1.32)

Univariate analysis
5.y CSS HR (95% CI) Log-Rank 3 P value
65.4% Reference 10.6 0.001
62.7% 1.17 (1.09-1.25)

individuals, the married had a larger percentage of surgery
(53.77% vs 34.46%), which partly contributed to their sur-
vival advantages. It was at least plausible that disparities
in survival outcomes among patients with different marital
status were partly due to better access to the medical and
health services.

In spite of the strengths of this study including large-
sized sample, subgroup analysis, and PSM method, there
were some limitations that could not be ignored. First of
all, SEER database does not provide details about the du-
ration and happiness degree of the marriage, and marriage
history, which weaken the ability to evaluate the impact of
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marriage on survival among STS patients. Most notably,
socio-economic factors that may affect either marital status
or cancer survival are inaccessible in the SEER database on
an individual level. In addition, the marital status of STS
patients may change in the follow-up period, which may in-
terfere with the protective effect of marriage. Secondly, only
legal marriage was recorded in the SEER database, and un-
recorded marital status including gay, lesbian, bisexual, and
transgender may biase our results. Thirdly, and perhaps the
most important, several important clinical and treatment in-
formation closely associated with prognosis is not registered
in SEER database, such as chemotherapy, types of surgery
and radiotherapy, HIV infection status, and comorbidity.*
These missing factors may potentially confound our results.
Nevertheless, despite these inevitable limitations, our study
still demonstrated the importance of marital status, in sig-
nificantly improving the survival in married STS patients.

Overall, our study had identified for the first time that
marital status was an independent prognostic and protective
factor for survival among STS patients and married patients
enjoyed significant survival benefits than those unmarried.
Especially, our study also showed that widowed patients are
at the highest death risk compared with married patients.
These results were further verified through PSM method.
Physiological psychosocial and socio-economic factors may
contribute to the survival benefits associated with marriage.
Therefore, timely psychological interventions and sufficient
socio-economic supports should be an essential component of
multidisciplinary treatment for unmarried patients, especially
widowed patients.

ACKNOWLEDGMENTS

The authors were grateful to the Surveillance, Epidemiology,
and End Results (SEER) Program tumor registries for providing
high-quality open clinical materials for researchers worldwide.

ETHICAL APPROVAL

Data released from the SEER database do not require in-
formed patient consent because it contains no personal iden-
tifying information and is publicly available for researchers
worldwide. We got permission to access the research data in
the SEER database by National Cancer Institute, USA, and
the username was 13264-Nov2017.

CONFLICT OF INTEREST

All of the authors have no conflict of interests to declare.

ORCID

Shi-long Zhang “= http://orcid.org/0000-0003-3095-4246

REFERENCES

1. Cormier JN, Pollock RE. Soft tissue sarcomas. CA Cancer J Clin.
2004;54(2):94-109.

2. Karanian M, Coindre JM. Fourth edition of WHO classification
tumours of soft tissue. Ann Pathol. 2015;35(1):71-85.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA
Cancer J Clin. 2016;66(1):7-30.

4. Miller KD, Siegel RL, Lin CC, et al. Cancer treatment and survi-
vorship statistics, 2016. CA Cancer J Clin. 2016;66(4):271-289.

5. Blay JY. Evolution in soft tissue sarcoma. Future Oncol.
2017;13(1s):1-2.

6. Luis AM, Aguilar DP, Martin JA. Multidisciplinary management
of soft tissue sarcomas. Clin Transl Oncol. 2010;12(8):543-553.

7. Luis AM. Multidisciplinary management of soft tissue sarcomas:
it’s time to make a team. Clin Transl Oncol. 2010;12(8):515-517.

8. Haddad J, Kalbacher E, Piccard M, et al. Evaluation of the man-
agement of soft tissue sarcomas in Franche-Comte since the es-
tablishment of a multidisciplinary meeting at University Hospital.
About 47 cases. Ann Chir Plast Esthet. 2017;62(1):15-22.

9. Sole CV, Calvo FA, Cambeiro M, et al. Intraoperative radiother-
apy-containing multidisciplinary management of trunk-wall soft-
tissue sarcomas. Clin Transl Oncol. 2014;16(9):834-842.

10. Zhang QW, Lin XL, Zhang CH, et al. The influence of mar-
ital status on the survival of patients with esophageal cancer:
a population-based, propensity-matched study. Oncotarget.
2017,8:62261-62273.

11. He XK, Lin ZH, Qian Y, et al. Marital status and survival in pa-
tients with primary liver cancer. Oncotarget. 2016;8:64954-64963.

12. Zhang J, Gan L, Wu Z, et al. The influence of marital status on
the stage at diagnosis, treatment, and survival of adult patients
with gastric cancer: a population-based study. Oncotarget.
2017;8(14):22385-22405.

13. BaiDS, ChenP, QianJJ, etal. Effect of marital status on the survival
of patients with gallbladder cancer treated with surgical resection:
a population-based study. Oncotarget. 2017;8(16):26404-26413.

14. Wang XD, Qian JJ, Bai DS, et al. Marital status independently
predicts pancreatic cancer survival in patients treated with sur-
gical resection: an analysis of the SEER database. Oncotarget.
2016;7(17):24880-24887.

15. Tyson MD, Andrews PE, Etzioni DA, et al. Marital status and
prostate cancer outcomes. Can J Urol. 2013;20(2):6702-6706.

16. Greenberg ER, Chute CG, Stukel T, et al. Social and economic
factors in the choice of lung cancer treatment. A population-based
study in two rural states. N Engl J Med. 1988;318(10):612-617.

17. Jatoi A, Novotny P, Cassivi S, et al. Does marital status impact
survival and quality of life in patients with non-small cell lung
cancer? Observations from the mayo clinic lung cancer cohort.
Oncologist. 2007;12(12):1456-1463.

18. Brusselaers N, Mattsson F, Johar A, et al. Marital status and sur-
vival after oesophageal cancer surgery: a population-based na-
tionwide cohort study in Sweden. BMJ Open. 2014;4(6):e005418.

19. Cronin KA, Ries LA, Edwards BK. The surveillance, epidemiol-
ogy, and end results (SEER) program of the national cancer insti-
tute. Cancer. 2014;120(Suppl 23):3755-3757.

20. Maretty-Nielsen K. Prognostic factors in soft tissue sarcoma. Dan
Med J. 2014;61(11):B4957.

21. Ferte C, Pascal LB, Penel N. Prognostic and predictive factors
of soft tissue sarcoma: a daily use of translational research. Bull
Cancer. 2009;96(4):451-460.


http://orcid.org/0000-0003-3095-4246
http://orcid.org/0000-0003-3095-4246

ZHANG ET AL.

.. 479
Cancer Medicine _ —WI LEYJ—

22.

23.

24.

25.

26.

217.

28.

29.

30.

Choong PF, Rudiger HA. Prognostic factors in soft-tissue sar-
comas: what have we learnt? Expert Rev Anticancer Ther.
2008;8(2):139-146.

Carneiro A, Bendahl PO, Engellau J, et al. A prognostic model
for soft tissue sarcoma of the extremities and trunk wall based
on size, vascular invasion, necrosis, and growth pattern. Cancer.
2011;117(6):1279-1287.

Stephens MA, Fekete EM, Franks MM, et al. Spouses’ use
of pressure and persuasion to promote osteoarthritis patients’
medical adherence after orthopedic surgery. Health Psychol.
2009;28(1):48-55.

Richards MA. The size of the prize for earlier diagnosis of cancer
in England. Br J Cancer. 2009;101(Suppl 2):S125-S129.

Mack JW, Weeks JC, Wright AA, et al. End-of-life discussions,
goal attainment, and distress at the end of life: predictors and
outcomes of receipt of care consistent with preferences. J Clin

Oncol. 2010;28(7):1203-1208.

Antoni MH, Lutgendorf SK, Cole SW, et al. The influence of
bio-behavioural factors on tumour biology: pathways and mecha-
nisms. Nat Rev Cancer. 2006;6(3):240-248.

Inbar S, Neeman E, Avraham R, et al. Do stress responses pro-
mote leukemia progression? An animal study suggesting a role for
epinephrine and prostaglandin-E2 through reduced NK activity.
PloS One. 2011;6(4):¢19246.

Thaker PH, Han LY, Kamat AA, et al. Chronic stress promotes
tumor growth and angiogenesis in a mouse model of ovarian car-
cinoma. Nat Med. 2006;12(8):939-944.

Surman M, Janik ME. Stress and its molecular consequences in
cancer progression. Postepy Hig Med Dosw. 2017;71:485-499.

31.

32.

33.

34.

35.

36.

37.

Anand P, Kunnumakkara AB, Sundaram C, et al. Cancer is a pre-
ventable disease that requires major lifestyle changes. Pharm Res.
2008;25(9):2097-2116.

Kristofferzon ML, Lofmark R, Carlsson M. Myocardial infarc-
tion: gender differences in coping and social support. J Adv Nurs.
2003;44(4):360-374.

Kamen C, Mustian KM, Heckler C, et al. The association between
partner support and psychological distress among prostate cancer
survivors in a nationwide study. J Cancer Surviv. 2015;9(3):492-499.
Magrin ME, D’Addario M, Greco A, et al. Social support and
adherence to treatment in hypertensive patients: a meta-analysis.
Ann Behav Med. 2015;49(3):307-318.

Ayanian JZ, Kohler BA, Abe T. The relation between health
insurance coverage and clinical outcomes among women with
breast cancer. N Engl J Med. 1993;329(5):326-331.

Xie J, Yang S, Liu X, et al. Effect of marital status on survival in
glioblastoma multiforme by demographics, education, economic
factors, and insurance status. Cancer Med. 2018;7:3722-3742.
Shirahase S, Raymo JM. Single mothers and poverty in Japan: the role
of intergenerational coresidence. Soc Forces. 2014;93(2):545-569.

How to cite this article: Zhang S-L, Wang W-R, Liu
Z-J, Wang Z-M. Marital status and survival in patients
with soft tissue sarcoma: A population-based,
propensity-matched study. Cancer Med. 2019;8:465—
479. https://doi.org/10.1002/cam4.1802



https://doi.org/10.1002/cam4.1802

