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Background: Marital status has been considered as an independent prognostic factor for various types of
cancer survival. The objectives of our study were to investigate the function of marital status on the survival
of upper tract urothelial carcinoma (UTUC) patients.

Methods: The patients diagnosed with UTUC between 1988 and 2015 were captured within the
Surveillance, Epidemiology, and End Results (SEER) database. Patients were classified into married,
divorced/separated, widowed and single cohorts. Kaplan-Meier and Cox regression analysis was conducted to
assess the effects of marital status on overall survival (OS) and cancer-specific survival (CSS). A 1:1 matched-
pair analysis was performed to optimize the final statistical results by propensity score matching (PSM).
Results: Among the 10,852 eligible patients, the percentage of married, divorced/separated, widowed
and single patients accounted for 58.2% (6,321), 9.0% (980), 23.3% (2,526) and 9.4% (1,025) respectively.
The widowed patients had the worst OS and CSS. Marital status was a predictive factor for OS and CSS of
UTUC patients. The results of multivariate Cox regression showed that the worst OS [hazard ratio (HR):
1.41; 95% confidence interval (CI): 1.33-1.49, P<0.001] and the poorer CSS (HR: 1.32; 95% CI: 1.22-1.43,
P<0.001) were existed in the widowed patients, compared with married patients. The results of the stratified
analysis by primary site also indicated the same conclusion. Furthermore, the results were confirmed in the 1:1
matched group.

Conclusions: Marital status acted as an independent prognostic and protective factor for survival in
UTUC patients. Additionally, being widowed was related with a high risk of death in UTUC compared with

married, divorced, or single patients.
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Introduction

Upper tract urothelial carcinoma (UTUC) is a relatively
uncommon cancer that represents only 5-10% of
urothelial malignancies, and 10% of renal tumors (1,2).
Thousands of patients are diagnosed with UTUC every
year and there were approximately 15,000 new cases in the
United States during 2014 (2). The incidence in male is
approximately three times more likely than that in female
and environmental exposure to tobacco is the highest risk
factor (3).

The main clinical manifestation of UTUC were gross
or microscopic hematuria. Almost 60% of confirmed
cases are considered as invasive at diagnosis (4). According
to previously studies, the 5-year cancer-specific survival
(CSS) rate of UTUC patients is 50-80% (5). Moreover,
a multicenter retrospective study had found that 28% of
UTUC patients experienced disease recurrence after radical
nephroureterectomy (RNU) (6). In addition, the changes
in genetic material of hereditary nonpolyposis colorectal
cancer (HNPCC) has been found to incorporate in the
development of UTUC (2).

Marital status served as a prognostic factor to predict
the survival of patients with various cancers, such as penile
cancer (7), renal clear cell carcinoma (8), osteosarcoma (9)
and astrocytoma (10). However, no retrospective or
prospective study has been conducted to evaluate the
relationship between marital status and prognosis in patients
with UTUC. In this study, we purpose ed to investigate
the role of marital status on the survival of UTUC patients
based on the Surveillance, Epidemiology, and End Results
(SEER) database. The authors present the following article
in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tau-20-605).

Methods
Data source and patients

We identified 10,852 eligible patients who were diagnosed
as UTUC through the National Cancer Institute’s SEER
* Stat software {version 8.3.5; SEER 18 Regs Custom
Data [with an additional treatment field], November
2017 Sub [1973-2015 varying] database} between January
1, 1988, and December 31, 2015. Only patients with
ICD-0-3 (International Classification of Diseases for
Oncology, 3rd edition) site code C65.9 and C66.9 (renal
pelvis and ureter cancers) diagnosed between 1988 and

2015 were identified from the SEER database. The SEER
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database provides information about patients with cancer
from 18 registries, which covers ~28% of the American
population (11). The exclusion standards were as follows:
(I) unknown marital status or domestic partner; (II)
patients’ age under 18 years; (III) unknown survival
time; (IV) with two or more primary tumor and (V)
unknown surgery history. The subject screening schemes
were indicated in Figure 1. All procedures performed
in this study were in accordance with the Declaration
of Helsinki (as revised in 2013) and approved by the
Ethics Committee of Shanghai Tenth People’s Hospital,
School of Medicine, Tongji University (SHSY-IEC-
KY-4.0/18-68/01). Because of the retrospective nature of
the research, the requirement for informed consent was
waived.

Study variables

Patient following data, extracted from SEER database,
included the year of diagnosis, sex, the age of diagnosis,
race, origin, tumor primary site, histologic type, tumor
grade, SEER stage, surgical therapy, radiotherapy and
chemotherapy. Marital status was divided into four
cohorts: married, divorced/separated, widowed and single.
Additionally, we further applied PSM to investigate the
function of marital status in the prognosis of UTUC
patients. Patients diagnosed in different years were divided
into four subgroups (1988-1994, 1995-2001, 2002-2008
and 2009-2015). The clinical characteristics included sex
(male and female), age at diagnosis (<60 and >60), race
(white, black, and other) and origin (Spanish-Hispanic-
Latino and Non-Spanish-Hispanic-Latino). The tumor
variables included the tumor primary site (renal pelvis
and ureter), histological type (transitional cell carcinoma
and others), SEER stage (localized, regional, distant, and
unknown), surgical therapy (no or yes), radiotherapy (no
or yes) and chemotherapy (no or yes). Tumor grades I-IV
represented well differentiated, moderately differentiated,
poorly differentiated, and undifferentiated tumors,
respectively. The study end points were overall survival (OS)
and CSS.

Statistical analyses

The chi-square test was performed to analyze the clinical
variables associated with marital status. Kaplan-Meier curves
and log-rank test were performed to assess the OS and
CSS of UTUC patients. Univariate and multivariate Cox
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(n=24,663)
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domestic partner (n=990)

-
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- Survival time unknown
~ (n=72)

| Not one primary tumor only
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4>| Surgery unknown (n=32) |
A

10,852 Included in analytic cohort |

A

7,196 Renal pelvis cancer + 3,656 Ureter
cancer

Propensity score matching

3,604 Renal pelvis cancer + 3,604 Ureter
cancer

Figure 1 The subject screening steps of the present study.

regression analyses were performed to evaluate the clinical
factors related with OS and CSS. Statistical analyses were
established by Statistical Package for the Social Sciences
software (version 20.0; SPSS Inc, Chicago, IL, USA). Results
are statistically significant as the P value <0.05.

The 1:1 PSM analysis was performed to control potential
baseline confounders between groups and assess the effects
of marital status. The Matchlt package in R (version 3.5.1)
was used for the matching.

Results
Patient baseline characteristics

A total number of 10,852 eligible UTUC patients were
enrolled in our study from 1988 to 2015 through SEER
database. There were 6,321 (58.2%) married, 980 (9.0%)
divorced/separated, 2,526 (23.3%) widowed, and 1,025
(9.4%) single patients. Baseline characteristics of UTUC
patients according to different marital status groups were
shown in 7able 1. There were significant differences in all
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clinic variables, including the year of diagnosis (P<0.001),
the age at diagnosis (P<0.001), sex (P<0.001), race (P<0.001),
origin (P=0.045), tumor primary site (P=0.004), tumor
histological type (P=0.012), tumor grade (P<0.001), SEER
stage (P<0.001), surgical therapy (P<0.001), radiotherapy
(P=0.020), and chemotherapy (P<0.001). The number of
patients increased over time and the year of diagnosis during
2009-2015 accounted for 42.0% [4,561]. After grouping
by marital status, the consistent trend was obtained and the
patients diagnosed during 2009-2015 were 933 (36.9) in
windowed group. Among the eligible patients, 8,974 (82.7%)
patients belonged to the >60 group (age at diagnosis). The
total male patients were 5,942 (54.8%) and the sex ration
was 54.8:45.2 (M/F). For the windowed group, male patients
accounted for 22.8% [577] with a sex ration as 22.8:77.2
(M/F). White patients occupied the majorities of each
group {86.3% [5,455] of married, 87.0% [853] of divorced/
separated, 86.7% [2,190] of widowed and 82.8% [849] of
single}. Additionally, the tumor primary site of ureter (33.7%)
was less common than renal pelvis (66.3%).

Impact of different variables on OS and CSS

Kaplan-Meier curves were performed to analyze the effects
of marital status on the OS and CSS of UTUC patients.
There was a significant survival difference as the results
shown (P<0.001) (Figure 2). The widowed patients had
the worst OS and CSS. Univariate and multivariate cox
regressions were performed to assess the factors related
with OS and CSS (Tuble 2). In the univariate analysis,
sex, age at diagnosis, marital status, histological type,
grade, SEER stage, surgical therapy, radiotherapy and
chemotherapy were the prognostic factors of OS and CSS.
As for the multivariate analysis, marital status was still a
predictor for OS and CSS. As shown in Tizble 2, multivariate
cox regression showed that compared with married patients
(as the reference group), divorced/separated patients (HR
=1.13; 95% CI: 1.04-1.23; P=0.003), widowed patients (HR
=1.41;95% CI: 1.33-1.49; P<0.001) and single patients (HR
=1.19; 95% CI: 1.10-1.29; P<0.001) had worse OS; only
widowed padents (HR =1.32; 95% CI: 1.22-1.43; P<0.001)
had higher death risk for CSS.

Subgroup analysis for investigating the effect of marital
status

In view of the tumor primary site, we studied the effects of
marital status on the prognosis of UTUC patients. Kaplan-

Transl Androl Urol 2020;9(4):1611-1629 | http://dx.doi.org/10.21037/tau-20-605



1614

Wang et al. Marital status influence the survival in UTUC patients

Table 1 Baseline demographic and clinical characteristics of UTUC patients in our study

Characteristic Total, No. (%) Married Divorced/separated Widowed Single P value
No. (%) No. (%) No. (%) No. (%)

Total 10,852 6,321 (58.2) 980 (9.0 2,526 (23.3) 1,025 (9.4)

Year of diagnosis <0.001
1988-1994 1,153 (10.6) 691 (10.9) 75(7.7) 302 (12.0) 85 (8.3)

1995-2001 1,724 (15.9) 966 (15.3) 150 (15.3) 447 (17.7) 161 (15.7)
2002-2008 3,414 (31.5) 1,966 (31.1) 296 (30.2) 844 (33.4) 308 (30.0)
2009-2015 4,561 (42.0) 2,698 (42.7) 459 (46.8) 933 (36.9) 471 (46.0)

Sex <0.001
Male 5,942 (54.8) 4,282 (67.7) 500 (51.0) 577 (22.8) 583 (56.9)

Female 4,910 (45.2) 2,039 (32.3) 480 (49.0) 1,949 (77.2) 442 (43.1)

Age at diagnosis <0.001
<60 1,878 (17.3) 1,247 (19.7) 247 (25.2) 66 (2.6) 318 (31.0)
>60 8,974 (82.7) 5,074 (80.3) 733 (74.8) 2,460 (97.4) 707 (69.0)

Race <0.001
White 9,347 (86.1) 5,455 (86.3) 853 (87.0) 2,190 (86.7) 849 (82.8)

Black 539 (5.0 230 (3.6) 81(8.3) 128 (5.1) 100 (9.8)
Other 966 (8.9) 636 (10.1) 46 (4.7) 208 (8.2) 76 (7.4)

Origin 0.045
Spanish-Hispanic-Latino 844 (7.8) 481 (7.6) 78 (8.0) 183 (7.2) 102 (10.0)
Non-Spanish-Hispanic-Latino 10,008 (92.2) 5,840 (92.4) 902 (92.0) 2,343 (92.8) 923 (90.0)

Primary site 0.004
Renal pelvis 7,196 (66.3) 4,172 (66.0) 687 (70.1) 1,630 (64.5) 707 (69.0)

Ureter 3,656 (33.7) 2,149 (34.0) 293 (29.9) 896 (35.5) 318 (31.0)

Histological type 0.012
Transitional cell carcinoma 9,998 (92.1) 5,863 (92.8) 907 (92.6) 2,296 (90.9) 932 (90.9)

Others 854 (7.9) 458 (7.2) 73 (7.4) 230 (9.1) 93 (9.1)

Grade <0.001
Grade | 427 (3.9) 245 (3.9) 45 (4.6) 95 (3.8) 42 (4.1)

Grade Il 1,637 (15.1) 1,003 (15.9) 155 (15.8) 306 (12.1) 173 (16.9)
Grade Il 3,084 (28.4) 1,833 (29.0) 237 (24.2) 742 (29.4) 272 (26.5)
Grade IV 3,563 (32.8) 2,164 (34.2) 325 (33.2) 756 (29.9) 318 (31.0)
Unknown 2,141 (19.7) 1,076 (17.0) 218 (22.2) 627 (24.8) 220 (21.5)

SEER stage <0.001
Localized 2,579 (23.8) 1,522 (24.1) 226 (23.1) 580 (23.0) 251 (24.5)

Regional 5,515 (50.8) 3,311 (52.4) 481 (49.1) 1,249 (49.4) 474 (46.2)

Table 1 (Continued)
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Characteristic Total, No. (%) Married Divorced/separated Widowed Single P value
No. (%) No. (%) No. (%) No. (%)
Distant 2,072 (19.1) 1,181 (18.7) 213 (21.7) 466 (18.4) 212 (20.7)
Unstaged 686 (6.3) 307 (4.9) 60 (6.1) 231 (9.1) 88 (8.6)
Surgical therapy <0.001
No 2,342 (21.6) 1,137 (18.0) 226 (23.1) 722 (28.6) 257 (25.1)
Yes 8,510 (78.4) 5,184 (82.0) 754 (76.9) 1,804 (71.4) 768 (74.9)
Radiotherapy 0.020
No 9,927 (91.5) 5,742 (90.8) 898 (91.6) 2,346 (92.9) 941 (91.8)
Yes 925 (8.5) 579 (9.2) 82 (8.4) 180 (7.1) 84 (8.2)
Chemotherapy <0.001
No 8,378 (77.2) 4,634 (73.3) 736 (75.1) 2,212 (87.6) 796 (77.7)
Yes 2,474 (22.8) 1,687 (26.7) 244 (24.9) 314 (12.4) 229 (22.3)

Percentages may not total 100 because of rounding. Grade |, well differentiated; Grade Il, moderately differentiated; Grade lll, poorly

differentiated; Grade |V, undifferentiated.
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Figure 2 Kaplan-Meier survival curves based on marital status (married, divorced/separated, widowed, and single) in patients with upper

tract urothelial carcinoma (UTUC) before propensity score matching (PSM). (A) Overall survival; (B) cancer-specific survival.

Meier curves were conducted to analyze the effect of marital
status depended on the different primary site groups (renal
pelvis group and ureter group). We observed that marital
status was a prognostic factor for OS (P<0.001) and CSS
(P<0.001) in renal pelvis group (Figure 34,B) a ureter group

© Translational Andrology and Urology. All rights reserved.

(Figure 3C,D). Additionally, the prognostic factors of OS
and CSS in different groups were analyzed by multivariate
cox regressions (Table 3). In renal pelvis group, age at
diagnosis, marital status, histological type, grade, SEER
stage, surgical therapy, radiotherapy and chemotherapy
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Figure 3 Kaplan-Meier survival curves according to marital status (married, divorced/separated, widowed, and single) in UTUC patients

with different tumor primary site before PSM. (A) Overall survival of UTUC patients in renal pelvis group; (B) cancer-specific survival of

UTUC patients in renal pelvis group; (C) overall survival of UTUC patients in ureter group; (D) cancer-specific survival of UTUC patients

in ureter group.

were the prognostic factors of OS and CSS according to
results. The divorced/separated patients (HR =1.18; 95%
CI: 1.07-1.30; P=0.001), widowed patients (HR =1.46; 95%
CI: 1.36-1.57; P<0.001) and single patients (HR =1.27;
95% CI: 1.15-1.40; P<0.001) had poor OS compared with
the reference. However, only widowed patients (HR =1.29;
95% CI: 1.17-1.42; P<0.001) had higher death risk for

© Translational Andrology and Urology. All rights reserved.

CSS. The results indicated that sex was only a protect factor
for OS (HR =0.89; 95% CI: 0.84-0.95; P<0.001). Similar
results also appeared in ureter group. In ureter group, age
at diagnosis, marital status, histological type, grade, SEER
stage, surgical therapy, radiotherapy and chemotherapy
were the prognostic factors of OS and CSS. However,
for marital status, only widowed group had poor OS (HR
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Figure 5 Kaplan-Meier survival curves based on marital status (married

PSM. (A) Overall survival; (B) cancer-specific survival.

married patients in renal pelvis group.

Discussion

This study investigated the impact of marital status on

, divorced/separated, widowed, and single) in UTUC patients after

survival in UTUC patients. UTUC as a rare cancer, no
related studies had explored the impact of marital status on
its prognosis. Our study firstly found marital status was an
independent prognostic factor for UTUC patients’ OS and
CSS according to SEER database. On this population-based
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Figure 6 Kaplan-Meier survival curves based on marital status (married, divorced/separated, widowed, and single) in UTUC patients with

different tumor primary site after PSM. (A) Overall survival of UTUC patients in renal pelvis group; (B) cancer-specific survival of UTUC

patients in renal pelvis group; (C) overall survival of UTUC patients in ureter group; (D) cancer-specific survival of UTUC patients in

ureter group.

study, we also applied PSM to eliminate bias and the potential
confounding factors. Final results were consistent with many
other types of cancer, for example rectal cancer (12), breast
cancer (13), etc.

The Kaplan-Meier curves indicated that the widowed
patients had the worst OS (P<0.001) and CSS (P<0.001).

Consistent results were obtained after grouping by primary

© Translational Andrology and Urology. All rights reserved.

site. Also, the univariate and multivariate cox regressions
were used to confirm the results. After adjusting other
variables, the results indicated the widowed had the higher
death risk for OS and CSS compared with the married.
The same outcomes were acquired in the 1:1 matched
cohort after the PSM. Additionally, we found that sex,
age at diagnosis, histological type, grade, SEER stage,
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Cancer; CT, chemotherapy; Grade |, well differentiated; Grade I, moderately differentiated; Grade lll, poorly differentiated; Grade IV, undifferentiated.

Wang et al. Marital status influence the survival in UTUC patients

surgical therapy, radiotherapy and chemotherapy were the
prognostic factors for patients’ OS and CSS. The primary
site of tumor was a predictor for CSS and the ureter patients
had higher death risk of CSS. We speculated that this result
was related to the susceptibility of pelvic metastasis and
recurrence of tumor (14).

Professional medical care and patient compliance may
affect patient prognosis after cancer diagnosed. Related
studies had found that married patients were more likely to
gain curative treatment and high-quality care (15,16), and
patients can obtain good compliance with the support of
their spouse (8). Multiple studies had shown that married
patients of variable cancers were more pretend to receive
definitive medical treatment than unmarried patients
(including divorced/separated, single and widowed) (17,18).
In addition, spouses in well-married families reminded
each other to perform regular medical check-up. This will
contribute to timely diagnosis and treatment of cancer.
Married patients usually had better medical treatment
tolerance with the help of their spouse, which is critical
to extending survival (19). Those can partially explain the
results obtained in this study.

Personal emotional support was an important protective
factor for cancer patients (20). As a deadly disease, varieties
of cancers do threat human health, harm patients’ physical
health and cause adverse psychological stress responses.
Previous studies had pointed out that cancer patients often
experience higher psychological stress and depression
(21-23). Cancer patients faced with more risks of
depression, anxiety and other diseases than healthy
people (24,25). A study conducted in Germany shown
that as medical standards improve, more and more people
preferred to get long-term care at home (26). This proved
that cancer patients could get the motivations to face
disease from their marriage. Emotional support from their
spouses can help patients with cancers gain confidence
and power during the disease period. In addition, the
emotional connection to their spouse is part of the reason
why cancer patients’ adherence to medical treatment (27).
Adequate emotional support could have a better influence
on the prognosis of cancer, which explained the results in
our study.

Married patients generally had sufficient financial
support to obtain adequate medical treatment from a
socio-economic perspective (28). With the continuous
development of society, the increase of women’s
employment rate was changing the traditional family
economic model (29,30). This meant that when one of the
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family members was diagnosed with cancer, the family still
had a certain economic buffering capacity to protect the
patient’s medical treatment. Married patients could maintain
socioeconomic ties while receiving medical treatment and
were more likely to receive financial support of society, with
the help of their spouse (31-33). In addition, some studies
indicate that the uninsured status of certain cancers is
related with poor prognosis (34,35). Simultaneously, studies
indicated that widowed patients had a lower insurance
percentage (36-38). Compared with married people,
unmarried patients received a lower proportion of medical
treatment, which would be partly related to those results
gained from this study.

For widowed patients, there would be problems with
their health before their diagnosis of cancer (8,39).
Studies have found that the amount of natural killer cells
in women was greatly reduced when their husbands had
recently died (40,41). More importantly, the function of
natural killer cells in fighting cancer is also well known
(42,43). Additionally, widowed patients faced more
psychological stress and less emotional support compared
with the married patients. This would impair the immune
system and promotes cancer progression by triggering the
hypothalamic-pituitary-adrenal axis (44,45). This change
affected the release of glucocorticoids and catecholamines,
influenced the tumor microenvironment (46,47). This
promoted the development of tumors and shortened the
expected survival time.

From the perspective of physical and mental health and
socioeconomics, we explored how marital status affects OS
and CSS in UTUC patients. As a population-based study,
we first pointed out that marital status is an independent
prognosis factor of OS and CSS in UTUC patients. We
analyzed 10,852 patients’ information from the SEER
database and used PSM to eliminate bias simultaneously.
However, some limitations presented in our study. Firstly,
as a retrospective dataset, the data from SEER database
may be biased. Secondly, the marital status registered
in the SEER database will not be updated according to
the different life stage of the patient. Thirdly, there is a
lack of data on certain clinicopathological features in the
database, such as the presence of comorbidities or not et a/.
Simultaneously, the SEER database only covers information
on patients in the United States and can’t represent the
characteristics of other regions. Therefore, there is still a
desire for multicenter prospective clinical trials to evaluate
the impact of marital status on the prognosis of UTUC
patients.

© Translational Andrology and Urology. All rights reserved.
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Conclusions

Overall, our study first identified marital status as a
protective factor for OS and CSS in UTUC patients. In
addition, widowed patients had the worst OS and CSS
compared with the married patients. This suggested us that
society should provide more medical services for widowed
patients and design personalized care for them.
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