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Abstract

Purpose: Marital status has emerged as an important influence on several cancer
outcomes, but its role in medullary thyroid cancer (MTC) remains unclear. This
study was to explore the effects of marital status on the prognosis of MTC patients
and to determine whether its effects vary by age.

Patients and methods: We retrospectively extracted 1344 eligible patients di-
agnosed with MTC between 2004 and 2015 from the Surveillance, Epidemiology,
and End Results (SEER) database. Based on the marital status, we divided those
patients into married and unmarried groups. We compared the difference in over-
all survival (OS) and cancer-specific survival (CSS) between married and unmar-
ried via the Kaplan—-Meier analysis. Univariate and multivariate Cox proportional
models were performed to identify the prognostic factors of OS and CSS.
Results: There were 1344 MTC eligible patients in a total of which 883 (65.7%)
were married and 461 (34.3%) were unmarried. The comparison observed be-
tween married and unmarried patients was as follows: male (45.2% vs. 28.0%),
age (=52 years) (55.9% vs. 44.6%), White (86.7% vs. 78.7%), and undergo surgery
(97.7% vs. 93.3%). Multivariate analysis revealed unmarried status as a risk fac-
tor independently associated with worse OS (HR: 2.15, 95% CI: 1.59-2.92) rate
and CSS (HR: 1.70, 95% CI: 1.17-2.47) rate. In a further analysis stratified by age,
there was no significant difference in OS and CSS between married and unmar-
ried patients younger than 52 years. For the remaining group with 52 years old
and higher, unmarried patients showed significantly higher risk of OS and CSS
than married patients at all stages of the pathology except M1 stage.

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

the original work is properly cited.
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1 | INTRODUCTION

Medullary thyroid cancer (MTC) is a rare malignancy,
which originates from the parafollicular C cells of the
thyroid gland, accounting for nearly 3%-5% of all thyroid
cancers."> Most MTC cases are sporadic, and 20%-30% of
cases are multiple endocrine neoplasia type 2 (including
MEN2A and MEN2B) or familial.>* Despite low incidence,
the 10-year overall survival rate of regional MTC was es-
timated at approximately 75% and decreased to 40% in
patients with metastasis.” Early diagnosis and surgery are
effective methods to improve both cure and survival rates.
Moreover, novel approaches include targeted agents that
are proven means of antitumor therapeutics's for clarity.
Vandetanib and cabozantinib are used as the evidence-
based treatment of advanced MTC.%” However, a common
limitation of targeted drug therapy is to develop drug re-
sistance and this phenomenon is independent of the type
of tumor.®

Previous studies have intensively predicted the
prognosis of MTC, mainly limiting to the clinicopath-
ological characteristics and therapeutic strategies.’™
However, with the growing understanding of human
health and disease, more attention is being paid to socio-
psychological factors. A previous clinical trial found that
psychosocial factors were linked with low back pain and
may affect the prognosis.'* Marital status is recognized
as one type of socio-psychological factor that influences
the cancer survival.'> Extensive studies focused on mar-
ital status and cancers showed that married patients
have significantly better survival compared to unmar-
ried ones.'*'® Nonetheless, in analyses to present, few
studies on marital status among MTC patients have been
conducted.

The Surveillance, Epidemiology, and End Results
(SEER) program collects the data of 18 registries on can-
cer diagnosis, treatment, and survival for nearly 30% of the
US population.'’ It creates a shared research field, thus we
can easily analyze the effect of marital status among dif-
ferent cancers. In this study, we analyzed the data from
MTC patients using the SEER database. Our work aims to
explore the effects of marital status in MTC, especially for
older patients.

Conclusion: Married patients with MTC have a better prognosis than unmarried
ones. Age can affect the association between marital status and the survival of
MTC, and married elders may benefit more than youngers.

cancer prognosis, marital status, MTC, SEER database, social support

2 | MATERIALS AND METHODS

2.1 | Study population

The data of MTC patients were downloaded from the
SEER*Stat Database, version 8.3.6. Patients were cho-
sen for this study if they met the following criteria: (1)
Primary sites defined by the International Classification of
Diseases for Oncology (ICD-0-3), code C73.9. (2) Patients
diagnosed with primary cancer from 2004 to 2015. (3)
Histological codes were limited to MTC (8345, 8510).
Exclusion criteria included: (1) Patients aged less than 18.
(2) Patients with incomplete clinical characteristics and
treatment. (3) Patients with incomplete demographic and
follow-up information. Finally, 1344 eligible patients were
selected for analysis according to inclusion and exclusion
criteria.

2.2 | Study variables

Study variables included sex, age at diagnosis, race, mari-
tal status, tumor stage, nodal stage, metastasis, surgery,
survival months, and vital status. Age was considered as
a continuous variable, measured by means and standard
deviations. X-tile software (version 3.6.1) was used to ana-
lyze the best cut-off point (52 year old) for the age.'® After
that, two age groups were defined as more than 52 years
versus those aged 52 years and lower. The race was divided
into three groups: White, Black, and Others (Asian or
Pacific Islander, American Indian/Alaska Native). Marital
status was categorized into married and unmarried (di-
vorced, separated, widowed, never married, or domestic
partner). Thyroid surgery was classed into three groups:
none, lobectomy/isthmectomy, and total thyroidectomy.
For tumor (T), nodal (N), and metastasis (M) status, the
TNM status was assessed according to the sixth edition of
TNM classification for medullary thyroid cancer. Overall
survival (OS) and cancer-specific survival (CSS) were also
analyzed for all eligible patients. The former was calcu-
lated from the date of diagnosis to the date of any death,
while the latter was estimated from diagnosis to cancer-
specific caused death.
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2.3 | Statistical analysis
Baseline data were expressed as frequency or

mean + standard deviation according to the data type.
Categorical variables were assessed by the Pearson chi-
squared test, while the continuous variables were ex-
amined by the t-test or the Mann-Whitney U test. The
survival of marital status and age subgroups was analyzed
by the Kaplan—Meier curves, and their differences were
evaluated by the log-rank test. Univariate and multivariate
Cox proportional hazards models were used to distinguish
the independent prognostic factors in MTC, and their ef-
fects were presented as hazard ratio (HR) with 95% confi-
dence intervals (CIs). Similarly, we evaluated the effects
of marital status stratified by age, using the multivariate

TABLE 1 Baseline characteristics of Ch teristi
aracteristics
patients with MTC in SEER database

Number

Sex
Female
Male

Age?

Mean + SD
<52
=52

Race
White
Black
Others

Tumor stage
T1
T2
T3
T4

Nodal stage
No
Nla
N1b

Metastasis
MO
M1

Surgery
No
IT/LT
TT
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Cox proportional hazards models to analyze the survival
difference between married and unmarried in pathologi-
cal subgroups. All statistical analyses in this study were
performed using SPSS (version 26.0) and R software (ver-
sion 4.1.0). A two-tailed p value of less than 0.05 was con-
sidered statistically significant.

3 | RESULTS

3.1 | Patients baseline characteristics

We selected 1344 eligible MTC patients diagnosed be-
tween 2004 and 2015 in the SEER database. It included
532 (39.3%) male and 816 (60.7%) female patients, with a

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

N = 1344 (100) N=883(657) N=461(343) p value®
816 (60.7) 484 (54.8) 332(72.0) <0.001
528 (39.3) 399 (45.2) 129 (28.0)

52.9 + 15.5 54.0 + 14.1 50.7 £ 17.9 <0.001
637 (47.4) 389 (44.1) 248 (53.4)

707 (52.6) 494 (55.9) 213 (46.6)
1129 (84.0) 766 (86.7) 363 (78.7) <0.001
127(9.4) 53 (6.0) 74 (16.1)
88 (6.5) 64(7.3) 24(5.2)
581 (43.2) 365 (41.3) 216 (46.9) 0.281
347 (25.8) 234 (26.5) 113 (24.5)
282 (21.0) 193 (21.9) 89(19.3)
134 (10.0) 91 (10.3) 43(9.3)
783 (58.3) 513 (58.1) 270 (58.6) 0.877
166 (12.4) 107 (12.1) 59 (12.8)
395 (29.4) 263 (29.8) 132(28.6)

1233 (91.7) 819 (92.8) 414 (89.8) 0.062
111 (8.3) 64 (7.2) 47(10.2)

51(3.8) 20(2.3) 31(6.7) <0.001
94 (7.0) 63(7.1) 31(6.7)
1199 (89.2) 800 (90.6) 399 (86.6)

Variables with statistical significance were shown in bold. Abbreviations: IT/LT, isthmectomy/lobectomy;
MTC, medullary thyroid cancer; SEER, The Surveillance, Epidemiology, and End Result; TT: total
thyroidectomy or near total thyroidectomy.

#Age was a continuous variable and grouped by cut-off point using x-tile software.

bCategorical variables were assessed by the chi-squared test and continuous variables were examined by

the Mann-Whitney U test.
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mean age of 52.9 + 15.5 years at the diagnosis of MTC.
Among them, 883 (65.8%) were married and 461 (34.2%)
were unmarried. Between married and unmarried groups,
we observed significant differences in sex, age, race, and
surgery (all p < 0.001). Besides, married patients were
male (45.2% vs. 28.0%), older (age > 52) (55.9% vs. 44.6%),
White (86.7% vs. 78.7%), more likely to undergo surgery
(97.7% vs. 93.3%), and less to be in M1 status (7.2% vs.
10.2%) compared to unmarried patients. The summary of
baseline patient characteristics grouped by marital status
is described in detail in Table 1.

3.2 | Effects of marital status on
OS and CSS

The effects of marital status on OS were examined by K-M
curves, which showed married patients had a significantly
superior OS compared to unmarried ones (Figure 1A).
Similarly, the significant differences of CSS were also ob-
served among different marital groups (Figure 1B) with
a better CSS in married populations than in unmarried
ones. To evaluate the prognosis-related factors of MTC,
we first performed the univariate cox analysis. The results
showed that marital status, sex, age, tumor stage, nodal
stage, metastasis, and surgery were regarded as significant
prognostic factors for both OS (all p < 0.05) (Table 2) and
CSS (all p < 0.05) (Table 3). Race was a prognostic factor
for CSS (p < 0.05), but not OS (p > 0.05) in univariate
analysis. Subsequently, those above-mentioned signifi-
cant factors were analyzed in a multivariate cox model.

Marital status =~ Married —— Unmarried
(A)

1.01

et o
© ©

Overall Survival
=
o

0.6 1 p =0.00071

0.5

0 25 50 75 100 125 150
Time in months
Number at risk
= 883 705 534 373 235 124 18
= 461 359 261 171 88 33 3

After multivariate adjustment, marital status remained a
significant prognostic factor in OS (p < 0.001) and CSS
(p = 0.006), with worse OS (HR: 2.15, 95% CI: 1.59-2.92)
rate and CSS (HR: 1.70, 95% CI: 1.17-2.47) rate in unmar-
ried patients compared to married ones. However, there
was no significant survival difference observed in sex (OS:
p = 0.858, CSS: p = 0.826).

3.3 | Effects of marital status on OS and
CSS according to age stratification

We first assessed the association between age and sur-
vival by the Kaplan-Meier curves, which indicated that
older patients were more likely to present worse survival
compared to youngers (OS: p < 0.001; CSS: p < 0.001)
(Figure 2A,B). Furthermore, to determine the effects of
marital status on the survival of different pathological
stages varies with age. We compared the OS and CSS of
unmarried versus married based on age stratification by
multivariate cox models, which were adjusted for the sex,
race, marital status, TNM stage, and surgery. As shown in
Table 4, marital status had no effect on survival in MTC
patients younger than 52 years of age. In older patients,
however, marital status had a significant effect on survival
at all pathological subgroups except M1 stage, with un-
married groups presented a higher risk of OS and CSS (all
p < 0.05) compared to married ones. These results showed
that marriage had a significant protective effect in older
patients among different pathological stages and its effect
declined when the tumor progressed.

(B) Marital status —— Married =~ Unmarried

1.01
©0.91
2
E w
@
2% ’
=
o
]
o
n0.71
o]
o
g
Sos p=0.013

0.51

0 25 50 75 100 125 150

Time in months
Number at risk

== 883 705 534 373 235 124 18
== 461 359 261 171 88 33 3

FIGURE 1 The Kaplan-Meier survival curves: (A) The overall survival and (B) the cancer-specific survival according to marital status
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TABLE 2 Univariate and multivariate
analyses for OS in MTC patients
Variables
Sex
Female
Male
Age®
<52
>52
Race
White
Black
Others
Marital status
Married
Unmarried
Tumor stage
T1
T2
T3
T4
Nodal stage
NO
Nla
N1b
Metastasis
MO
M1
Surgery
No
IT/LT
TT

Open Access.

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value
Reference Reference

1.61 (1.21-2.14) 0.001 0.97 (0.71-1.33) 0.858
Reference Reference

3.58 (2.55-5.02) <0.001 4.33 (3.06-6.13) <0.001
Reference

1.22(0.78-1.91) 0.373

0.50 (0.22-1.12) 0.093

Reference Reference

1.63 (1.23-2.17) 0.001 2.15(1.59-2.92) <0.001
Reference Reference

1.86 (1.18-2.93) 0.007 1.86 (1.18-2.94) 0.008
3.54 (2.33-5.38) <0.001 2.26 (1.42-3.59) 0.001
9.65 (6.39-14.58) <0.001 3.96 (2.43-6.44) <0.001
Reference Reference

2.26 (1.44-3.54) <0.001 1.77 (1.10-2.86) 0.019
4.11 (2.99-5.65) <0.001 1.84 (1.22-2.76) 0.004
Reference Reference

11.50 (8.51-15.54)  <0.001 3.86 (2.65-5.61) <0.001
Reference Reference

0.06 (0.03-0.13) <0.001 0.31 (0.14-0.67) 0.003
0.08 (0.06-0.12) <0.001 0.30 (0.20-0.46) <0.001

Variables with statistical significance were shown in bold. Abbreviations: IT/LT, isthmectomy/lobectomy;
MTC, medullary thyroid cancer; OS, overall survival; TT: total thyroidectomy or near total thyroidectomy.

“Age was a continuous variable and grouped by cut-off point using x-tile software.

4 | DISCUSSION

In this study, we investigated the association between
marital status and survival based on a large cohort of MTC
patients. Since age is an important factor affecting thyroid
cancer outcomes, we also evaluated the effects of marital
status at different age groups on MTC outcomes." To our
knowledge, this is the first study to explore the interaction
of age and marital status in MTC survival.

In our study, we found that married patients showed a
lower M1 stage of tumor compared to unmarried ones, but
opposite results were observed in the T stage. Moreover,
only 20 (2.3%) married patients were not treated with

surgery, which is significantly lower than 31 (6.7%) of
unmarried patients. In univariate analysis, we identified
marital status as an independent prognostic factor, with
unmarried patients showed a higher risk of death. After
adjustment for demographic and pathological character-
istics, increased death risk was also found in unmarried
patients compared to married ones. In addition, we in-
vestigated the effects of marital status in different patho-
logical stages and sex groups based on age. Our results
demonstrated that marriage has a significant protective
effect on older (age > 52) patients, while this effect de-
creased with the progression of the tumor. However, we
found no significant difference in OS and CSS between
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Univariate analysis
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Multivariate analysis

Variables HR (95% CI) p value HR (95% CI) p value
Sex

Female Reference Reference

Male 2.05(1.46-2.88) <0.001 0.96 (0.66-1.39) 0.826
Age®

<52 Reference Reference

>52 2.48 (1.71-3.59) <0.001 2.96 (2.01-4.38) <0.001
Race

White Reference Reference

Black 1.32(0.79-2.19) 0.291 1.90 (1.11-3.23) 0.019

Others 0.11 (0.02-0.81) 0.030 0.10 (0.01-0.70) 0.021
Marital status

Married Reference Reference

Unmarried 1.53 (1.09-2.16) 0.014 1.70 (1.17-2.47) 0.006
Tumor stage

T1 Reference Reference

T2 2.36 (1.24-4.49) 0.009 2.23(1.16-4.28) 0.016

T3 6.03 (3.40-10.72) <0.001 2.86 (1.53-5.33) 0.001

T4 19.17 <0.001 5.24 (2.78-9.86) <0.001

(10.98-33.48)

Nodal stage

NO Reference Reference

Nla 3.93 (2.21-6.99) <0.001 2.81 (1.52-5.20) 0.001

N1b 7.98 (5.15-12.36) <0.001 2.77 (1.62-4.73) <0.001
Metastasis

MO Reference Reference

M1 19.56 <0.001 6.05(3.95-9.25) <0.001

(13.89-27.54)

Surgery

No Reference Reference

IT/LT 0.04 (0.02-0.10) <0.001 0.34 (0.13-0.93) 0.036

TT 0.06 (0.04-0.10) <0.001 0.32 (0.20-0.50) <0.001

TABLE 3 Univariate and multivariate
analyses for CSS in MTC patients

Variables with statistical significance were shown in bold. Abbreviations: CSS, cancer-specific survival;
IT/LT, isthmectomy/lobectomy; MTC, medullary thyroid cancer; TT: total thyroidectomy or near total

thyroidectomy.

#Age was a continuous variable and grouped by cut-off point using x-tile software.

married and unmarried patients younger than 52 years.
In the previous studies, married younger patients were
found to have significant better outcomes than unmar-
ried ones in some other cancers, including breast cancer,
multiple myeloma, and oral cavity cancer.”>"* But, a lat-
est study focused on differentiated thyroid cancer (DTC)
showed the impact of marital status on survival varied
with age, which was similar to our results.** It is well
known that the prognosis of thyroid cancer is usually
better in younger patients than older ones, thus we sug-
gest that there is an interaction between age and marital

status. In younger patients, the benefits of age may far
beyond the benefits of marital status, which masked the
survival difference between married and unmarried, and
the opposite was in old patients.

The association of marital status and survival was ex-
plored in many tumors, including breast cancer, rectal
cancer, and non-small cell lung cancer.'* 1% Consistent
with the findings of the above researches, our results
presented that marriage was a factor associated with su-
perior survival. In a previous study focusing on differen-
tiated thyroid cancer patients, Shi et al. found unmarried
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FIGURE 2 The Kaplan-Meier survival curves: (A) The overall survival and (B) the cancer-specific survival according to age

patients increased the risk of tumor mortality.** A study
of breast cancer showed greater protection of marriage
among patients aged 70 years or older.”® By collating
and analyzing more than a million patients diagnosed
with different cancers, unmarried patients presented a
higher risk of metastatic cancer and death resulting from
cancer."”

Two possibilities could explain the superior survival
of married patients than unmarried ones. On the one
hand, these married patients were supervised by their
spouses for regular physical examinations before being
diagnosed, which contributes to the early detection of
MTC. Spouses may also provide more economic support
for subsequent treatments. In MTC, early stage surgi-
cal intervention has a benefit for survival, because the
surgical cure is possible for patients without metastasis
or with regional lymph nodes confined to the neck.”
However, the therapeutic efficacy of surgery is limited
when the tumor metastasizes outside the neck. Thus,
married patients could obtain a better prognosis accord-
ing to the early surgery.

On the other hand, the psychological disorder is com-
mon among cancer patients with more than four times
higher than the ordinary individuals.”® Recent studies
showed that patients obtaining a cancer diagnosis have
a greater susceptibility to develop psychiatric disorders,
such as stress, depression, anxiety, etc.?”?® However,
married people showed less depression and psychologi-
cal distress after being diagnosed with cancer, which may
be attributed to the encouragement and support from

their spouses.” The impact of psychological distress on
tumor progression has been implicated by epidemiolog-
ical studies.’® For example, stress exposure promotes
tumor cell proliferation, angiogenesis, and invasion by
stimulating the adrenergic pathway.”’ Additionally, the
cortisol circadian rhythm of patients is changed due to
cancer-related psychological stress, which will cause
poor survival.** Some cytokines that are involved in in-
flammation response, including IL-1f, IL-6, TNF, and
C-reactive protein (CRP), are increased in depressed pa-
tients and promote tumor progression.**** Therefore, the
lack of social support and suffering from psychological
problems perhaps partly explain the higher mortality in
unmarried patients.

Despite these findings between marital status and
survival, there remain several limitations in our study.
First, an inherent limitation is related to our retrospec-
tive study, limiting our ability to define a cause-and-
effect relationship between marital status and survival.
Second, marital status in the SEER database was re-
corded at diagnosis. However, marital status is dynamic
and may have changed throughout the follow-up period,
thus affecting the final results. In addition, the quality of
marriage was not recorded, which may lead to different
survival outcomes. Third, some information regarding
socioeconomic status and education is not available in
the SEER database. Finally, data on the type of chemo-
therapy or targeted agents are unavailable and thus are
not included in our study, which may bias our present
results.
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TABLE 4 The OS and CSS associated

0s CsS with being unmarried (vs. married)
Age® HR (95% CI)® p value HR (95% CI)® p value among MTC patients stratified by age, sex,
<52 and pathological stages
Sex
Female 0.90 (0.35-2.31) 0.834 1.07 (0.42-2.68) 0.892
Male 1.29 (0.19-3.39) 0.613 1.29 (0.19-3.39) 0.613
Tumor stage
T1/T2 1.86 (0.55-6.28) 0.317 3.27(1.03-10.42) 0.045
T3/T4 1.03 (0.49-2.18) 0.932 0.95 (0.44-2.06) 0.895
Nodal stage
NO 0.78 (0.08-7.17) 0.829 1.52(0.15-15.38) 0.720
N1 1.13 (0.55-2.33) 0.732 1.14 (0.54-2.41) 0.740
Metastasis
MO 0.94 (0.41-2.16) 0.883 1.03 (0.42-2.54) 0.944
M1 2.67 (0.60-11.78) 0.196 2.67 (0.60-11.78) 0.196
>52
Sex
Female 1.96 (1.21-3.18) 0.007 1.17 (0.60-2.28) 0.649
Male 2.99 (1.75-5.10) <0.001 3.39 (1.83-6.30) <0.001
Tumor stage
T1/T2 2.80 (1.62-4.85) <0.001 2.90 (1.33-6.34) 0.007
T3/T4 2.32(1.40-3.82) 0.001 2.16 (1.23-3.79) 0.007
Nodal stage
NO 3.32(1.84-5.99) <0.001 3.36 (1.38-8.21) 0.008
N1 1.76 (1.10-2.81) 0.018 1.62 (0.95-2.77) 0.074
Metastasis
MO 2.44 (1.57-3.78) <0.001 1.97 (1.01-3.84) 0.046
M1 1.74 (0.90-3.38) 0.101 1.78 (0.92-3.49) 0.087

Variables with statistical significance were shown in bold. Abbreviations: CSS, cancer-specific survival;

MTC, medullary thyroid cancer; OS, overall survival.

“Age was a continuous variable and grouped by cut-off point using x-tile software.

"Models were adjusted for sex, marital status, race, tumor stage (T1/T2, T3/T4), nodal stage (NO, N1),

metastasis (MO0, M1), and surgery.

5 | CONCLUSION

In summary, our present results showed marital status
was an independent prognostic factor in MTC. Unmarried
patients showed a higher risk of OS and CSS, which is par-
ticularly evident in older patients. Further studies could
investigate the mechanism for age affecting the benefits of
marriage. Returning to our research, unmarried patients
(especially the old unmarried patients) need to be noticed
with more social care and psychological support to im-
prove their survival.

ACKNOWLEDGMENTS
The authors acknowledge the data provided by the
Surveillance, Epidemiology, and End Results program.

CONFLICT OF INTEREST
The authors declare no conflict of interest in this work.

ETHICAL APPROVAL STATEMENT
No ethical approval is required in this study.

DATA AVAILABILITY STATEMENT

The dataset of this study is available in the Surveillance,
Epidemiology, and End Results program (www.seer.can-
cer.gov) SEER*Stat Database: Incidence-SEER 18 Regs
Custom Data (with additional treatment fields), Nov 2018
Sub (1975-2016 varying).

ORCID
Peng Huang ‘© https://orcid.org/0000-0003-3011-3359


http://www.seer.cancer.gov
http://www.seer.cancer.gov
https://orcid.org/0000-0003-3011-3359
https://orcid.org/0000-0003-3011-3359

AL ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hoff AO, Hoff PM. Medullary thyroid carcinoma. Hematol
Oncol Clin North Am. 2007;21(3):475-488.

Spitzweg C, Morris JC, Bible KC. New drugs for medullary thy-
roid cancer: new promises? Endocr Relat Cancer. 2016;23(6):R2
87-R297.

Lam ET, Ringel MD, Kloos RT, et al. Phase II clinical trial of
sorafenib in metastatic medullary thyroid cancer. J Clin Oncol.
2010;28(14):2323-2330.

Kim BH, Kim IJ. Recent updates on the management of medullary
thyroid carcinoma. Endocrinol Metab (Seoul). 2016;31(3):392-399.
Roman S, Lin R, Sosa JA. Prognosis of medullary thyroid carci-
noma: demographic, clinical, and pathologic predictors of sur-
vival in 1252 cases. Cancer. 2006;107(9):2134-2142.

Wells SA, Robinson BG, Gagel RF, et al. Vandetanib in patients
with locally advanced or metastatic medullary thyroid can-
cer: a randomized, double-blind phase III trial. J Clin Oncol.
2012;30(2):134-141.

Elisei R, Schlumberger MJ, Miiller SP, et al. Cabozantinib
in progressive medullary thyroid cancer. J Clin Oncol.
2013;31(29):3639-3646.

Ma J, Zhang Y1, Tang KE, et al. Reversing drug resistance of
soft tumor-repopulating cells by tumor cell-derived chemother-
apeutic microparticles. Cell Res. 2016;26(6):713-727.
Al-Qurayshi Z, Khadra H, Chang K, Pagedar N, Randolph GW,
Kandil E. Risk and survival of patients with medullary thyroid
cancer: national perspective. Oral Oncol. 2018;83:59-63.
Schlumberger M, Elisei R, Miiller S, et al. Overall survival anal-
ysis of EXAM, a phase III trial of cabozantinib in patients with
radiographically progressive medullary thyroid carcinoma.
Ann Oncol. 2017;28(11):2813-2819.

ByunJ-K, Choi Y-K, Kang YN, et al. Retinoic acid-related orphan
receptor alpha reprograms glucose metabolism in glutamine-
deficient hepatoma cells. Hepatol. 2015;61(3):953-964.

Thomas E, Silman AJ, Croft PR, Papageorgiou AC, Jayson
MIV, Macfarlane GJ. Predicting who develops chronic
low back pain in primary care: a prospective study. BMJ.
1999;318(7199):1662-1667.

Aizer AA, Chen M-H, McCarthy EP, et al. Marital sta-
tus and survival in patients with cancer. J Clin Oncol.
2013;31(31):3869-3876.

Chen Z, Yin K, Zheng D, et al. Marital status independently
predicts non-small cell lung cancer survival: a propensity-
adjusted SEER database analysis. J Cancer Res Clin Oncol.
2020;146(1):67-74.

Jin J-J, Wang W, Dai F-X, et al. Marital status and survival in
patients with gastric cancer. Cancer Med. 2016;5(8):1821-1829.
Wang X, Cao W, Zheng C, Hu W, Liu C. Marital status and
survival in patients with rectal cancer: an analysis of the
Surveillance, Epidemiology and End Results (SEER) database.
Cancer Epidemiol. 2018;54:119-124.

Hankey BF, Ries LA, Edwards BK. The surveillance, epidemi-
ology, and end results program: a national resource. Cancer
Epidemiol Biomarkers Prev. 1999;8(12):1117-1121.

Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-
informatics tool for biomarker assessment and outcome-based
cut-point optimization. Clin Cancer Res. 2004;10(21):7252-7259.
Verburg FA, Mader U, Tanase K, et al. Life expectancy is re-
duced in differentiated thyroid cancer patients >45 years old

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

.. 8837
Cancer Medicine ___-WI LEYJ—

with extensive local tumor invasion, lateral lymph node, or
distant metastases at diagnosis and normal in all other DTC pa-
tients. J Clin Endocrinol Metab. 2013;98(1):172-180.

Zhai Z, Zhang F, Zheng YI, et al. Effects of marital sta-
tus on breast cancer survival by age, race, and hormone
receptor status: a population-based study. Cancer Med.
2019;8(10):4906-4917.

Gomez SL, Hurley S, Canchola AJ, et al. Effects of marital status
and economic resources on survival after cancer: a population-
based study. Cancer. 2016;122(10):1618-1625.

Costa LJ, Brill IK, Brown EE. Impact of marital status, in-
surance status, income, and race/ethnicity on the survival of
younger patients diagnosed with multiple myeloma in the
United States. Cancer. 2016;122(20):3183-3190.

Liao PH, Lee CC. The influence of marital status on survival
for patients aged 65 years and younger with oral cavity cancer.
Auris Nasus Larynx. 2018;45(6):1227-1232.

Shi R-L, Qu N, Lu Z-W, Liao T, Gao YI, Ji Q-H. The im-
pact of marital status at diagnosis on cancer survival in
patients with differentiated thyroid cancer. Cancer Med.
2016;5(8):2145-2154.

Ernani V, Kumar M, Chen AY, Owonikoko TK. Systemic treat-
ment and management approaches for medullary thyroid can-
cer. Cancer Treat Rev. 2016;50:89-98.

Bortolato B, Hyphantis TN, Valpione S, et al. Depression in can-
cer: the many biobehavioral pathways driving tumor progres-
sion. Cancer Treat Rev. 2017;52:58-70.

Zhu J, Fang F, Sjolander A, Fall K, Adami HO, Valdimarsdottir
U. First-onset mental disorders after cancer diagnosis and
cancer-specific mortality: a nationwide cohort study. Ann
Oncol. 2017;28(8):1964-1969.

Lu D, Andersson TML, Fall K, et al. Clinical diagnosis of men-
tal disorders immediately before and after cancer diagnosis.
JAMA Oncology. 2016;2(9):1188.

Goldzweig G, Andritsch E, Hubert A, et al. Psychological dis-
tress among male patients and male spouses: what do oncolo-
gists need to know? Ann Oncol. 2010;21(4):877-883.
Lutgendorf SK, Andersen BL. Biobehavioral approaches to can-
cer progression and survival: mechanisms and interventions.
Am Psychol. 2015;70(2):186-197.

Kim-Fuchs C, Le CP, Pimentel MA, et al. Chronic stress accel-
erates pancreatic cancer growth and invasion: a critical role for
beta-adrenergic signaling in the pancreatic microenvironment.
Brain Behav Immun. 2014;40:40-47.

Weinrib AZ, Sephton SE, DeGeest K, et al. Diurnal cortisol dys-
regulation, functional disability, and depression in women with
ovarian cancer. Cancer. 2010;116(18):4410-4419.

Miller AH, Raison CL. The role of inflammation in depression:
from evolutionary imperative to modern treatment target. Nat
Rev Immunol. 2016;16(1):22-34.

Coussens LM, Werb Z. Inflammation and cancer. Nature.
2002;420(6917):860-867.

How to cite this article: Ai L, Li N, Tan H-L, et al.
Effects of marital status on survival of medullary
thyroid cancer stratified by age. Cancer Med.
2021;10:8829-8837. doi:10.1002/cam4.4388



https://doi.org/10.1002/cam4.4388

