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Background: As the most malignant bone tumor globally, osteosarcoma has drawn increased attention. However, no stud-
ies have focused on the association between marital status and survival rate. The objectives of this study were
to determine the association between marital and survival rate of osteosarcoma patients based on the SEER
database.

Material/Methods: We enrolled a total of 2725 osteosarcoma patients between 1973 and 2015, including 1184 married, 154
divorced/separated, 136 widowed, and 1251 never-married patients. Survival rate was determined based on
the Kaplan-Meier method in different marital subgroups. Multivariate Cox regression analysis was performed
to explore independent prognostic factors.

Results: The 5-year overall survival (0S) and cancer-specific survival (CSS) rates of the married, separated/divorced,
widowed, and never-married subjects were 45.93%, 41.39%, 19.08%, and 57.21% (0S), and 49.97%, 45.85%,
22.14%, and 60.69% (CSS), respectively. The survival outcome among subgroups exhibited a clear difference,
with a log-rank test p-value <0.0001. Multivariate Cox regression showed that widowhood served as the indepen-
dent prognostic factor for decreased OS rather than marriage (HR, 1.246; 95% Cl, 1.011-1.536; p-value=0.039)
and CSS (HR, 1.34; 95% Cl, 1.07-1.68; p-value=0.01). Moreover, the OS and CSS in widowed patients were
lower. Additionally, based on the propensity score matching (PSM) method, the prognosis of married patients
was better than that of unmarried subjects.

Conclusions: Marital status was correlated with the survival rate, meaning that married patients had higher survival than
widowed subjects, who had worse prognoses of osteosarcoma.
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Background

Osteosarcoma is a common malignant bone tumor derived from
primitive bone-formation mesenchymal cells, and is particularly
prevalent in teenagers and young adults [1]. Osteosarcoma is
an invasive tumor with a tendency to metastasize and invade
adjacent tissues. Osteosarcoma accounts for 2.4% of all pedi-
atric cancer patients and approximately 20% of patients with
primary bone cancer, making it the 8" most common form of
childhood cancer [1]. Age is associated with the survival rate,
which is lowest in elderly subjects. Prior to 1970, treatment
was mainly surgical resection. However, the prognosis of pa-
tients with local osteosarcoma was significantly improved by
chemotherapy [2]. Various immunotherapies have been used
in osteosarcoma patients since the 1880s, and some patients
have shown a response to treatment [3,4]. Despite progress
in treatment strategies combining surgery and chemotherapy,
the postoperative outcome remains poor for most patients
with metastatic or recurrent osteosarcoma [5].

A variety of prognostic variables have been explored for os-
teosarcoma [6], but the outcomes have not significantly im-
proved. In recent years, marital status has become recognized
as an independent prognostic factor for survival; married pa-
tients tend to have better survival, including those with epi-
thelial ovarian cancer [7], renal cell cancer [8], and soft tissue
sarcoma [9]. Specific interventions should be applied for un-
married subjects to increase their opportunities for early di-
agnosis of all cancers, which would narrow the health dispar-
ities between married and unmarried people [10]. However,
there have been no studies on how marital status affects the
survival of osteosarcoma patients.

The Surveillance, Epidemiology, and End Results (SEER) data-
base, funded by the National Cancer Institute (NCI), has been
broadly applied in cancer research and used to explore devel-
opments in rare cancers, secondary malignancies, epidemiol-
ogy, treatments, and outcomes [11,12]. The incidence, prev-
alence, and survival information on cancers in the database
were collected from U.S. cancer registries, and the database
has been utilized for thousands of studies, including those on
colorectal cancer [13], non-small cell lung cancer [14], gastric
cancer [15], and breast cancer [16]. Recently, it has been re-
ported that marital status can independently predict the sur-
vival of patients with various cancers, such as colorectal can-
cer [17], gastric cancer [18,19], nasopharyngeal carcinoma [20],
and liver cancer [21].

The objective of the present study was to investigate the ef-
fects of marital status on the survival rates of patients with
osteosarcoma based on SEER. The prognostic role played by
marital status in osteosarcoma survival was clarified using a
comprehensive analysis based on population. We enrolled a
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total of 2725 osteosarcoma patients between 1973 and 2015,
including 1184 married, 154 divorced/separated, 136 widowed,
and 1251 never-married patients. The 5-year OS and CSS rates
of the married, separated/divorced, widowed, and never-mar-
ried subjects were 45.93%, 41.39%, 19.08%, and 57.21% for
0S and 49.97%, 45.85%, 22.14%, and 60.69% for CSS, respec-
tively. The survival outcome of OS and CSS among the 4 mari-
tal subgroups exhibited an obvious difference, with a log-rank
test p-value less than 0.0001. Multivariate Cox regression anal-
ysis showed that in, comparison with marriage, widowhood
can serve as independent predictor of poor OS (HR, 1.246;
95% Cl, 1.011-1.536; p-value=0.039) and CSS rate (HR, 1.34;
95% Cl, 1.07-1.68; p-value=0.01). Moreover, the OS and CSS
of widowed patients in all tumor grade groups were worse
than those of other patients. In addition, based on the PSM
method, the prognosis exhibited by married patients was still
better than that of unmarried patients. Thus, there is a cor-
relation between marital status and survival rates of both OS
and CSS in patients with osteosarcoma based on research in
a large population. In particular, the married subjects exhib-
ited better postoperative outcomes than the widowed ones.

Material and Methods

Data sources

All data were acquired from the SEER database [22], which is
commonly utilized as a collection of the cancer incidence in-
formation from population-based registries consisting of ap-
proximately 34.6% of the U.S. population from 1973 to 2015.
SEER data include patient demographics, primary tumor site,
tumor morphology, stage at diagnosis, and follow-up with pa-
tients for vital status.

Data screening

The following items were the inclusion criteria: 1) International
Classification of Diseases for Oncology, 3™ edition (ICD-O-3):
C40.0-C40.3, C40.8-C40.9, C41.0-C41.4, and C41.8-C41.9 be-
tween 1973 and 2015; 2) ICCC site recode ICD-0-3/WHO 2008:
VIll(a) osteosarcomas; 3) patients no younger than 18 years
old when diagnosed; 4) patients with clear marital status;
5) patients with one primary diagnosis only; 6) known surviv-
al time longer than 0 months; and 7) known cause of death
and vital status. Figure 1 indicates the data screening schemes.

The variables in this research

The following variables were collected from the SEER data-
base: insurance record, marital status, age at diagnosis, race,
sex, diagnosis time, pathological grade, TNM phase, SEER
stage, conditions of operation, chemotherapy and radiation
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SEER database
Year: 1973-2015
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(41.8—-(41.9 and VIl (a) osteosarcomas

Data selection

The selection criteria:

1) Patients with known marital status

2) Age at diagnosis>18 years old

3) Known survival time and was greater tham 0 month
4) Known cause of death and vital status

5) One primary only

Final samples, n=2,725

Ul

Figure 1. The data selection steps of the present study.

circumstances, vital status, cause of death, and survival time.
In this study, there were 4 types of marital status: married,
divorced/separated, widowed, and never-married. We divid-
ed patients into 2 groups according to age at diagnosis (<50
and >50). There were 4 kinds of race: white, black, unknown
race, and other (including Asian/Pacific Islander and American
Indian/Alaska Native). Year of diagnosis was grouped into 3
categories (1973-1987, 1988-2001, and 2002-2015). Tumor
grade was separated to 5 levels: benign, moderate, poor, undif-
ferentiated, and unknown. SEER stage was described as local-
ized, regional, distant, and unknown.

Statistical analyses

The chi-square test was used to summarize and compare os-
teosarcoma patients in different marital status groups regard-
ing their baseline characteristics. OS and CSS constituted the
endpoints in the study. Kaplan-Meier survival analysis based
on the log-rank test was used to identify differences in survival
rates. The recognition of prognostic variables for OS and CSS in
the subjects relied on the univariate/multivariate Cox regres-
sion models, which revealed the hazard ratios (HRs) and exact
95% confidence intervals (Cls). To minimize the differences in
covariates between groups, we performed a 1: 1 PSM analy-
sis of married and unmarried patients. The p-value was two-
sided, and p<0.05 was deemed as statistical significance. SPSS
version 23.0 (SPSS, Inc., Chicago, IL, USA) was utilized for all
statistical analyses. All figures were created using R language.
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Results

Baseline demographic and clinical characteristics

A total of 2725 osteosarcoma patients from 1973 to 2015 were
investigated; 1539 (56.48%) were male and 1186 (43.52%)
were female. Among these patients, 1184 (43.45%) were mar-
ried, 154 (5.65%) were divorced/separated, 136 (4.99%) were
widowed, and 1251 (45.91%) were never married. As shown
in Table 1, the results summarize each variable as well as the
relation between the variable and marital status. Using the
chi-square test, we found significant differences in demograph-
ics and characteristics among the 4 marital groups. Compared
with other marital statuses, widowed patients were more like-
ly to be older than 50 years old (94.12%); however, the major-
ity of the never-married patients were younger than 50 years
old (92.33%). The proportion of female patients in the wid-
owed group was 77.21%, and males accounted for 62.19% of
the never-married group. Moreover, white patients account-
ed for a larger proportion in each group, while black patients
represented a slightly larger proportion of the never-married
group (13.50%) in comparison with others. With respect to
the year of diagnosis, patients diagnosed from 2002 to 2015
accounted for the majority of each marital group. The pro-
portion of divorced/separated patients being diagnosed was
23.38% at stage Il and 10.39% at stage IV, while the propor-
tion of never-married patients diagnosed was 9.99% at stage .
In addition, other demographics, including tumor grade (p-value
<0.001), surgery status (p-value <0.001), chemotherapy (p-value
<0.001), and radiotherapy (p-value <0.001), were also statis-
tically significant.

Role of marital status in the OS and CSS of osteosarcoma

Figure 2 shows the results of OS and CSS of osteosarcoma cal-
culated by Kaplan-Meier analysis. The 5-year OS rate of the mar-
ried subjects was 45.93%, while the separated/divorced, wid-
owed, and never-married groups had rates of 41.39%, 19.08%,
and 57.21%, respectively. As shown in Figure 2A, the survival
outcome of OS among the 4 marital subgroups demonstrated
a significant difference, with a log-rank test p-value less than
0.0001. Aside from marital status, age, sex, tumor grade, TNM
phase, and operation were also proven to be strongly correlat-
ed with OS in Kaplan-Meier analysis (Table 2). Multivariate Cox
analysis comparing marriage vs. widowhood (HR, 1.246; 95%
Cl, 1.011-1.536; p-value=0.039) showed that being widowed
was an independent prognostic factor for poor OS.

Moreover, the married group exhibited a 5-year CSS rate
of 49.97%, while the separated/divorced, widowed, and
never-married groups had 5-year CSS rates of 45.85%,
22.14%, and 60.69%, respectively. The survival rate of the
widowed subjects was the lowest and the survival time was
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Table 1. Baseline characteristics of osteosarcoma patients (n, %).

Divorced/

Characteristics Married Separated Widowed Never married p-Value?
Marital status 2725 (100.00) 1184 (43.45) 154  (5.65) 136 (4.99) 1251 (45.91)
CAge <001
"""" 0 1929 (7079) 687 (5802) 79 (5130) 8 (588) 1155 9233
o0 796 (2921) 497 (4198) 75 (4870) 128 9412 9 (167)
Csex <001
"""" Male 1539 (5648) 656 (5541) 74 (4805) 31 (2279 778 6219
"""" Female 1186 (4352) 528 (4459) 80 (5195 105 (77.21) 473 G7.81)
CRace <001
"""" Whitt 2100 (7706) 952 (8041) 117 (75.97) 115 (8456) 916 (322
"""" Back  381(1398 115 (971) 29 (1883) 17 (1250) 220 (1759
"""" Others® 234 (859) 113 (954 6 (390) 4 (294 111 88)
"""" Unknown 10 (037) 4 (034 2 (130) 0 (©000) 4 ©3
Diagnosisyear <001
"""" 1973-1987 428 (1571) 221 (1867) 23 (1494) 40 (2941) 144 1151)
"""" 1988-2001 743 (27.27) 341 (2880) 37 (2403) 38 (2794 327 2614
"""" 2002-2015 1554 (57.03) 622 (5253) 94 (61.04) 58 (4265 780 (6235
Clnsurancestatus <001
"""" lnsued 903 (3314) 371 (3133) 58 (37.66) 24 (1765 450 (3597)
"""" Uninsured 60 (220) 10 (084) 3 (195 1 (074) 46 (368
"""" Unknown 1762 (6466) 803 (67.82) 93 (6039) 111 8162 755 (6035
CGrade <001
"""" well 159 (583) 70 (591) 8 (19 5 (368 76 (608
"""" Moderately 215 (789) 88 (743) 20 (1299) 3 (21 104 83)
"""" Poorly 500 (1835) 221 (1867) 24 (1558) 25 (1838) 230 (1839
"""" Undifferentiated 902 (3310) 385 (3252) 49 (3182 26 (19.12) 442 (3533
"""" Unknown 949 (3483) 420 (3547) 53 (3442 77 (5662 399 (3189
CTNMstage 0004
"""" | 232 @851) 88 (743) 13 (844) 6 (44) 125 (999
"""" I s55.(037) 224 (1892) 36 (2338) 16 (1176) 279 (230
"""" w20 (073 10 (08) 1 (©6) 0 (0o 9 072
"""" v 238 (873) 94 (794 16 (1039) 13 (956 115 019
"""" Unknown 1680 (6165) 768 (6486) 88 (57.14) 101 (7426) 723 (5779
CSEERstage 0391
"""" localized 113 (415) 51 (431) 4 (260) 4 (294 54 43
"""" Regional 137 (503) 59 (498) 4 (260) 6 (441) 68 (549
"""" Distant 77 (283) 27 (28 8 (519 6 (44) 36 (289
"""" Unknown 2389 (88.00) 1047 (8843) 138 (8961) 120 (8824) 1093 (8737
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Table 1 continued. Baseline characteristics of osteosarcoma patients (n, %).

Divorced/

Characteristics Married Separated Widowed Never married p-Value?
Surgery <.001
"""" No 569 (2088) 240 (027) 44 (2857) 58 (4265 227 (1815
e 2119 (77.76) 923 (77.96) 105 (68.18) 75 (55.15) 1016 (8122)
"""" Unknown 37 (13 21 (177) 5 (325 3 @2) 8 (69
Chemotherapy <001
"""" No 954 (3501) 474 (4003) 57 (3701) 104 (7647) 319 (5500
CYes 1771 (6499) 710 (5997) 97 (6299) 32 (2353 932 (7450)
CRadiotherapy <001
"""" No 2470 (9064) 1046 (88.34) 139 (90.26) 117 (8603) 1168 9337)
Y 255 (936) 138 (1166) 15 (974 19 (1397 83 (663

3 The p-values were compared married, divorced/separated, widowed, and never married calculated with the use of a chi-square test;
b Other race (American Indian/AK Native, Asian/Pacific Islander).
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Figure 2. Kaplan-Meier survival plots exhibited by osteosarcoma patients based on marital status. (A) OS. (B) CSS.

the shortest (p-value <0.0001, Figure 2B). For CSS, multivar- In addition, for both OS and CSS, we found the following: the

iate Cox analysis revealed in that, in contrast with marriage, hazard ratio increased with increasing age and tumor grade;

widowhood (HR, 1.34; 95% Cl, 1.07-1.68; p-value=0.01) and the hazard ratio increased with advancing TNM stage at di-

spinsterhood (HR, 0.86; 95% Cl, 0.76-0.99; p-value=0.03) may agnosis; and the prognostic outcomes of subjects undergo-

be independently predictors of poor prognosis. ing operations were better than that of subjects without sur-
geries (Figures 3, 4).
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Table 2. Univariate analyses of overall survival (OS) and cancer-specific survival (CSS).

Variables 5-year 0S i 5-year CSS
1(%) Log-rank 2 test p-Value? (%) Log-rank x? test p-Value?
Marital status 179.80 <.001 157.27 <.001
"""" Mared 4593 a9
"""" Divorced/Separated 4139 asgs
"""" Widowed 1908 214
"""" Nevermaried 5721 e
Age s o1 393 001
"""" 0 ses8 &3
"""" >0 2454 298
sex 100 o1 1184 0001
"""" male 407  se00
"""" Female  s38&  sza
Gade 16559 wor 719 <001
"""" wel 35 gz
"""" Moderately 788 g2
"""" Pooy  48a& s
"""" Undifferentiated 4811 siae
"""" Unknown 3922  we
TNMstage 39576 o1 39559 001
"""" L saes . sss
"""" " sees . eas
"""" wo a0s3 a2
"""" v o e e
"""" Unknown 4779 suz9
Csugey p1as o1 3eesa <001
"""" N 2142 sea
"""" Yes  szsa  _es .
"""" Unknown  1s24 208

2 The p-values compared married, divorced/separated, widowed, and never married calculated with the use of a log-rank y? test.

Analyses of subgroups based on tumor grades that of others. The mortality rate of widowed patients was the

highest for OS and CSS, regardless of tumor grades. For patients
Based on Kaplan-Meier analysis, the OS and CSS of osteosar- who were in grade |, the 5-year OS of widowed patients was
coma patients in different tumor-grade subgroups were deter- remarkably worse than that of married, divorced/separated,
mined (Figures 5A, 5B), showing that the OS and CSS of wid- and never-married patients (5-year OS rate: 84.76%, 71.43%,
owed subjects in all tumor-grade subgroups were worse than 40.00%, and 91.11% for married, divorced/separated, widowed,
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Subgroup No. of patients (%) Hazard ratio Hazard ratio (95% Cl) p-value
Marital status
Married 1,184 (43.45) Reference
Divorced/Separated 154 (5.65) o— 1.11(0.90t0 1.37) 0.34
Widowed 136 (4.99) -o— 1.25(1.01t0 1.54) 0.04
Never married 1,251 (45.91) v 0.89(0.79t01.01) 0.07
Age
<50 1,929 (70.79) Reference
=250 796 (29.21) —— 2.50(2.20t02.83) <.001
Sex
Male 1,539 (56.48) Reference
Female 1,186 (43.52) o 0.79(0.7100.88) <.001
Grade
Well 159(5.83) Reference
Moderately 215(7.89) H—— 1.45(0.93 10 2.26) 0.10
Poorly 500 (18.35) —_——— 2.85(1.93t04.20) <.001
Undifferentiated 902 (33.100 —_—— 3.03(2.08t04.43) <.001
Unknown 949 (34.83) ————— 3.01(2.07t0 4.37) <.001
TNM stage
| 232(851) Reference
Il 555(20.37) —_—— 1.86(1.22102.83) 0.004
I} 20(0.73) 3.64(1.80t07.36) <.001
[\ 238(8.73) 6.62 (4.36 t0 10.06) <.001
Unknown 1,680 (61.65) —_——————— 2.64(1.78t03.89) <.001
Surgery
No 569 (20.88) Reference
Yes 2,119(77.76) " 0.48(0.43t0 0.55) <.001
Unknown 37(1.36) —— 1.06 (0.73 to 1.54) 0.75

TTTTITTTI

0 05 15 2

The estimates

Figure 3. Multivariate Cox analysis of OS in osteosarcoma patients by forest plots. The X-axis shows the hazard ratio and 95% Cl of
each subgroup, ticks follow the arrangement of 0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, and 2.0.

Subgroup No. of patients (%) Hazard ratio Hazard ratio (95% Cl) p-value
Marital status
Married 1,184 (43.45) Reference
Divorced/Separated 154 (5.65) - 1.03(0.81,t0 1.31) 0.80
Widowed 136 (4.99) —o— 1.34(1.07t01.68) 0.01
Never married 1,251(45.91) 104 0.86 (0.76, t0 0.99) 0.03
Age
<50 1,929 (70.79) Reference
=50 796 (29.21) —— 2.22(1.93t0 2.54) <.001
Sex
Male 1,539 (56.48) Reference
Female 1,186 (43.52) " 0.79(0.71t00.89) <.001
Grade
Well 159(5.83) Reference
Moderately 215(7.89) T 1.51(0.92t0 2.50) (AN
Poorly 500(18.35) —_—— 3.04(1.96t04.72) <.001
Undifferentiated 902 (33.100 —_—— 3.33(2.17t05.12) <.001
Unknown 949 (34.83) —_—— 3.22(2.11104.93) <.001
TNM stage
| 232(8.51) Reference
Il 555(20.37) L S 2.00(1.25t03.21) <.001
1} 20(0.73) 4.00(1.88 t0 8.54) <.001
v 238(8.73) 7.81(4.90t0 12.44) <.001
Unknown 1,680 (61.65) —_— 2.92(1.88t04.53) <.001
Surgery
No 569 (20.88) Reference
Yes 2,119(77.76) L 0.49(0.43 to 0.56) <.001
Unknown 37(1.36) H-— 1.21(0.82 0 1.80) 034

TTTTTITTTT

0051152
The estimates

Figure 4. Multivariate Cox analysis of CSS in osteosarcoma patients by forest plots. The X-axis shows the hazard ratio and 95% CI of
each subgroup, ticks follow the arrangement of 0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, and 2.0.
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Figure 6. Other subgroup analysis on how marital status affects OS among osteosarcoma patients. (A) Age at diagnosis. (B) Sex.
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Figure 7. Other subgroup analysis of the effects of marital statuses on CSS among osteosarcoma patients. (A) Age at diagnosis.

(B) Sex. (C) TNM stage. (D) Surgery status.

and never-married subjects, respectively). For grade I, there
was a remarkable decrease in the 5-year OS of widowed sub-
jects (5-year OS rate: 75.83%, 69.64%, 33.33%, and 83.93%,
respectively). For grade Il and IV, widowed subjects also had
poor 5-year OS (for grade Ill, 5-year OS rate: 48.18%, 32.81%,
6.60%, and 54.92%, respectively; for grade IV, 5-year OS rate:
42.99%, 42.04%, 28.99%, and 54.48%, respectively).

Nevertheless, for grades | and Il, there was no conspicuous dif-
ference in CSS. However, in grades Il and 1V, the 5-year OS of
widowed subjects was markedly lower compared with others
(p-value <0.001 in the log-rank analysis, Figure 5B).

Other subgroup analyses on how marital status affects the
0S and CSS of osteosarcoma patients

Many variables were identified by multivariate Cox regression
model analysis as risk factors for mortality, including age, sex,
TNM stage, and surgery. We then further explored how marital
status affects the OS and CSS stratified by the above variables.
In determining how marital status affects survival in each age
subgroup, we observed that, except for patients <50 years old,

widowed status remarkably increased mortality rates for both
the CSS and OS (Figures 6A, 7A).

Next, we explored the role of sex and found that marital sta-
tus was closely associated with OS and CSS in both male
and female groups (log-rank p-value <0.001, Figures 6B, 7B).
As shown in Figures 6C and 7C, in TNM stage Il and IV sub-
groups, marital status influenced OS more strongly than it in-
fluenced CSS and showed a stronger effect on surgery status
(log-rank p-value <0.001, Figures 6D, 7D).

Propensity score matching and survival analysis

To avoid potential differences in basic characteristics between
the married patients and others, and to confirm the reliability
and accuracy of this study, propensity score matching (PSM)
was conducted in the 1: 1 matched-paired cohort. By per-
forming PSM, a good balance among sex, age, race, insurance,
diagnosis year, tumor grade, TNM phase SEER stage, chemo-
therapy, operation conditions and radiotherapy could be es-
tablished for the distribution (p-value >0.05 in the Pearson 2
test). Ultimately, we obtained 1274 patients, including 637
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Table 3. Baseline characteristics of osteosarcoma patients by marital status in 1: 1 matched group (n, %).

Characteristics Total Married Unmarried p-Value?

Marital status 1274 (100.00) 637 (50.00) 637 (50.00)

CAge 1
"""" 0 nu2 @son  se1 (o  sel @80
"""" >0 152 (19) 76 (193 76 (193
Csex 1
"""" Mae 692 (43) 346 (543) 346 (5432
"""" Female 58 (4568 291 (4568 291 (45e8)
CRace i""""""'
"""" White 1032 (8100) 516 (8100) 516 (8L00)
"""" Back 140 (1099 70 (099 70 (0%9)
"""" Other® 12 @®H 51 (o) 51 @on
CDiagnosisyear 0998
"""" 1973-1987 182 (1429 91 (1429 91 (429
"""" 1988-2000 49 (3367) 215 (3375 214 (3359
"""" 20002015 663 (5204 331 (519) 332 (21
Cinswance status o
"""" msued 391 (0e9) 195 (061 196 (077)
"""" Uninsured 7 (5% 4 (©e) 3 ©4a
"""" Unknown 876 (876) 438 (876 438 (876
CGade 0623
"""" wet 9% (09 48 (@59 4 65
"""" Moderately 106 (83) s (@79 o (8)
"""" Pooly 233 (18299 107 (680 126 (1978
"""" Undifferentiated 440 (3454 218 (3422 222 (3485
"""" Unknown 405 (179 208 (3265 197 (3093
CTNMstage 0999
"""" 93 @30 a6 (2 41 @3
"""" o 74 sy 137 @usy 137 @isy
"""" mo & (©4n 3 ©4a 3 ©4
"""" v 7 (9n 39 (1) 37 (8)
"""" Unknown 825 (6476) 412 (6468) 413 (6484
CSEERstage 0915
"""" localized & (520 33 (18 34 (38
"""" Regional 59 (463 27 (4249 32 (0
"""" Distant 29 @9 14 (20 15 @33
"""" Unknown 1119 (8783) 563 (8838 556 (8728)
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Table 3 continued. Baseline characteristics of osteosarcoma patients by marital status in 1: 1 matched group (n, %).

Characteristics

Married Unmarried p-Value?

3 The p-values compared married, divorced/separated, widowed, and never married calculated with the use of a chi-square test;

b Other race (American Indian/AK Native, Asian/Pacific Islander).

A

1.0_":
08 %

0.6

0.4 B N

Survival probability

0.2

0.0 Log rank p-value=0.022

T T T T T
0 100 200 300 400 500
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Figure 8. Kaplan-Meier survival curves exhibited by the osteosarcoma patients based on marital status after PSM. (A) OS. (B) CSS.

married and 637 unmarried patients. The clinicopathological
and demographic characteristics of the groups are displayed
in Table 3. In addition to exactly matched covariates with the
same value (p-value=1), other factors, including year of di-
agnosis (p-value=0.998), grade (p-value=0.623), TNM stage
(p-value=0.999), SEER stage (p-value=0.915), and chemother-
apy (p-value=0.951), did not significantly differ.

Survival analysis indicated that surgeries for married patients
were more effective than for unmarried ones. Figure 8A shows
that the 5-year OS rate of the married subjects was 61.22%
and that of the unmarried group was 56.66% (p-value=0.022
in log-rank analysis). Similarly, married patients had a 5-year
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CSS rate of 65.47%, while unmarried patients had a 5-year CSS
rate of 59.57% (log-rank p-value=0.008, Figure 8B).

To verify the data reliability, we performed multivariate Cox pro-
portional hazards regression analysis. Although the parameters in
the 2 groups were similar (Table 4) spinsterhood independently
affects both CSS (HR: 1.307, 95% Cl: 1.093-1.562, p-value=0.003)
and OS (HR: 1.254, 95% Cl: 1.064-1.479, p-value=0.007).

Discussion

We assessed the prognostic significance of marriage status
on the survival rate of osteosarcoma patients according to
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Table 4. multivariate Cox proportional hazards regression analysis of OS and CSS for patients after PSM.

5-year 0S (%) HR (95% CI)

p-Value

5-year CSS (%) HR (95% CI)

. 1.254
Unmarried >

1.307

integrated population-based analysis using the SEER database.
Four marital subgroups exhibited distinct survival performances
of OS and CSS. Multivariate Cox regression analysis showed
that, in contrast to being married, widowhood is an indepen-
dent predictor of poor OS and CSS. Additionally, the OS and
CSS of widowed subjects in all tumor- grade subgroups were
significantly lower compared to others. In addition, based on
the PSM method, the prognosis of married patients was still
better than that of unmarried patients. Consequently, marital
status was associated with both OS and CSS in osteosarcoma.

It has recently been reported in many studies that marital sta-
tus independently predicts the survival of patients with various
cancers. For example, Wang et al. [7] explored the relationship
between marital status and survival performance by investigat-
ing the epithelial ovarian cancer data acquired from the SEER
database. In the study, 10 905 epithelial ovarian cancer (EOC)
patients were extracted from 2004 to 2012. The chi-square
test was used to identify the relationship between marital sta-
tus and other clinical parameters. The Kaplan-Meier test was
used to compare survival curves of different groups. According
to the above results, marital status is an independent predic-
tor of OS and CSS. The prognosis of widowed patients was
worse than that of other groups under most conditions. In
an esophageal cancer study [23] of patients diagnosed from
1973 to 2013 Cox regression analysis suggested in, in com-
parison with the married groups, there were higher risks of
death for the unmarried, divorced/separated, and widowed
groups for all aspects. In another study of astrocytoma based
on SEER, Xie et al. [24] indicated that the OS and CSS of mar-
ried patients tended to be the highest, while for other sub-
groups, divorced/separated or widowed patients had worse
CSS. Furthermore, according to the subgroup analyses, there
was no significant difference in the CSS between the single and
married women. Miao et al. investigated 112 860 patients with
kidney cancer diagnosed from 2004 to 2013 to explore the as-
sociation of marital status with survival rates of patients [25].
They found that the 5-year OS and CSS of married patients
were better than those of widowed, divorced/separated, and
single patients. The OS and CSS of unmarried patients were
much higher, especially compared to those of widowed pa-
tients. There are many similar reports in the recent literature

regarding several other types of cancers, such as chondrosar-
coma [26], oral cavity squamous cell carcinoma [27], gastric
cancer [28], breast cancer [29], testicular cancer [30], and na-
sopharyngeal carcinoma [31].

Our findings are in part consistency with previous findings in
other types of cancers. Specifically, widowed subjects were
proven to exhibit worse survival than others, and the 5-year OS
and CSS in the widowed group were only 19.08% and 22.14%,
respectively. The multivariate Cox analysis showed that, in con-
trast to married patients, widowed status is an independent
potential indicator for poor OS and CSS. Nevertheless, com-
pared to other research, widowed status is an independent
prognostic variable for poor OS and CSS only based on multi-
variate Cox analysis.

Never-married patients were most likely to be male (62.19%),
and widowed patients were most likely to be female (77.21%).
Interestingly, the 5-year OS and CSS were the highest in mar-
ried patients, and were slightly higher than those of never-
married patients. This finding was also reported in anoth-
er study [7]. This result emerged because the majority of the
never-married group were below are 50 years (92.33%), which
is the age at which any signs of illness should be fully visible.
In subgroup analysis, different survival outcomes of OS were
observed in all tumor grades; however, significant differences
were only observed in grades Il and IV of CSS. The most im-
portant reason may be that the cause of death in grade I and Il
patients may not be directly due to cancer. In addition, signif-
icantly different survival outcomes of OS and CSS were found
in subgroups of patients older than 50 years, as well as those
in stage Il and IV. The major reasons may be the limited sam-
ple sizes of patients <50 years old and in stage IlI.

There may be various underlying mechanisms by which marital
status affects patient survival. Generally, differences in access to
medical treatment may be the biggest reason. Marriage, which
is a main source of social support, can make patients more like-
ly to seek medical treatments [32]. Individuals who report high-
er social support satisfaction are at lower risk than individuals
with lower reported satisfaction [33]. The psychological distress
of cancer patients may also play an important role. It has been
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demonstrated that emotional burdens tend be shared for mar-
ried subjects, which can lead to better survival [8,34].

Although it this is not the first study analyzing differences in
survival rates of cancers between patients with different mari-
tal statuses, it is the first such study in patients with osteosar-
coma. Moreover, we have not simply replicated previous studies.
A variety of analytical methods, including chi-square test, uni-
variate and multivariate Cox regression, subgroup analysis, and
PSM analysis, were utilized in this study to determine the re-
lationship between marital status and prognosis of osteosar-
coma patients. We found a clear correlation between marital
status and OS and CSS in osteosarcoma patients. We also as-
sessed the published literature on marital status and survival
and compared it with our results (Supplementary Table 1).

The SEER database allowed us to perform large-scale stud-
ies based on a large population. However, it is necessary to
address some important limitations. First, further analysis is
needed to assess the role played by marital status in osteo-
sarcoma survival after diagnosis because causality cannot be
inferred since the study was based on observation. Second,
some patients have a long follow-up period, so marital status
may change during the study period.

Supplementary Data

QiuS.etal:
Marital status and survival in osteosarcoma patients...
© Med Sci Monit, 2019; 25: 8190-8203

In conclusion, marital status was associated with OS and CSS
among osteosarcoma patients in this large population-based
study. How marital status affects osteosarcoma survival high-
lights the importance of social support in improving outcomes
in this population.

Conclusions

Marital status showed an association with survival (both 0S
and CSS) among osteosarcoma patients in this large popula-
tion-based study. Importantly, married patients had better sur-
vival outcomes, while widowed patients tended to have worse
osteosarcoma prognosis.
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Supplementary Table 1. The comparisons of published literatures about marital status in survival and the existing paper.

Cancer type Sample size Methods Reference
Osteosarcoma 2725 chi-square tests,.unlvanate and mu.lt|var|ate Cox regression, s iy
subgroup analysis, and PSM analysis
ol @i ey 10 905 chi-sqlllare tests, multivariate Cox regression, and subgroup e i el
analysis
Renal cell carcinoma 97 662 chi-square tests,.univariate and multivariate Cox regression, and Li et al.
subgroup analysis
Soft tissue sarcoma 18 013 chi-square tests,.univariate and mu.ltivariate Cox regression, Areim e el
subgroup analysis, and PSM analysis
hi- - d multivari . d
Rectal cancer 27 498 chi-square tests,‘unlvarlate and multivariate Cox regression, an Wang et all
subgroup analysis
el el o e 70 006 chi-square tests,.unlvarlate and multivariate Cox regression, and Wu et al
subgroup analysis
Oral cavity squamous cell chi-square tests, univariate and multivariate Cox regression, .
. 11 022 . . Shi et al.
carcinoma subgroup analysis, and PSM analysis
Chondrosarcoma 4502 chi-square tests,.unlvanate and multivariate Cox regression, and Gao et al.
subgroup analysis
FeEE e 43 324 chi-square tests, univariate and multivariate Cox regression, and Xie et al

subgroup analysis
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