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Abstract

Aims. With advancements in cancer treatments, the survival rates of patients with their first
primary cancer (FPC) have increased, resulting in a rise in the number of patients with second
primary cancer (SPC). However, there has been no assessment on the incidence of suicide
among patients with SPC. This study assessed the occurrence of suicide among patients with
SPC and compared them with that in patients with FPC.

Methods. This was a retrospective, population-based cohort study that followed patients with
FPC and SPC diagnosed from the National Cancer Institute’s Surveillance, Epidemiology, and
End Results (SEER) 17 registries database between 1 January 2000 and 31 December 2019.
Results. For patients with SPC, an age of 85+ years at diagnosis was associated with a higher
incidence of suicide death (HR, 1.727; 95% CI, 1.075-2.774), while the suicide death was not
considerably different in the chemotherapy group (P > 0.05). Female genital system cancers
(HR, 3.042; 95% CI, 1.819-6.361) accounted for the highest suicide death among patients with
SPC. The suicide death distribution of patients with SPC over time indicated that suicide events
mainly occurred within 5 to 15 years of diagnosis. Compared with patients with FPC, patients
with SPC in general had a lower risk of suicide, but increased year by year.

Conclusion. The risk of suicide was reduced in patients with SPC compared with patients with
FPC, but increased year by year. Therefore, oncologists and related health professionals need
to provide continuous psychological support to reduce the incidence of suicide. The highest
suicide death was found among patients with female genital system cancer.

Introduction

Cancer is the leading cause of death worldwide, accounting for more than 10 million deaths
each year (Zaimy et al., 2017). The burden of cancer continues to increase, placing a large
economic, healthcare and financial burden on society (Fane and Weeraratna, 2020; Lin et al.,
2021). Number of new cases of cancer is expected to reach 28.4 million by 2040 (Sung et al.,
2021). Thus, identifying the death risk associated with patients having cancer has implications
for clinically targeted interventions and treatments.

Suicide has become the 10th leading cause of death in North America (Fazel and Runeson,
2020). First primary cancer (FPC) not only places a huge burden on society but also causes great
psychological distress to patients (Dewar et al., 2021; Schofield et al., 2003). Statistics show that
the incidence of suicide death among patients with cancer was disturbingly high, with 39.72
per 100,000 person-years (Du et al., 2020). Another overall analysis revealed an 85% increased
suicide mortality rate among patients with cancer compared with the general population (stan-
dard mortality ratio (SMR) = 1.85,95% CI = 1.55-2.20) (Heinrich et al., 2022). Besides, cancer
treatment and management have changed considerably over the past decades (Carioli et al.,
2019; Riley et al., 2019; Vanneman and Dranoff, 2012), contributing to a significant increase in
the survival rate among patients with FPC as well as the incidence of second primary cancer
(SPC). SPC is not a phenomenon of cancer recurrence or metastasis but rather the occurrence
of another cancer distinct from FPC (van der Waal and de Bree, 2010). The standardized inci-
dence risk for any SPC was 1.16 (95% CI 1.12-1.19) (Rombouts et al., 2017). Therefore, more
attention should be given to the risk of suicide death among patients with SPC.

Few studies have been conducted on suicide death among patients with SPC. Previous stud-
ies among patients with cancer have mainly focused on the suicide death of patients with FPC
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or a single cancer (Dalela et al, 2016; Kam et al., 2015; Zaorsky
et al., 2019), and suicide death has not been assessed in a large sam-
ple of patients with SPC. SPC may be a stronger stressor, leading to
an increase in suicide death (Yang et al., 2022), or it may account for
a decrease in suicide death because of the stronger psychological
power acquired from surviving an FPC (Brinkman et al., 2018). As
a result, relevant studies concerning suicide death among patients
with SPC are urgently needed.

To identify and characterize subgroups of patients with SPC
with a higher risk of suicide death, we conducted a population-
based cohort study comparing them with patients with FPC. These
results are expected to provide a scientific basis for developing spe-
cific suicide death management strategies tailored to the needs of
patients with SPC, as well as providing insights for the reduction of
suicide occurrence among this population.

Methods
Data source

Patients with cancer in this retrospective population-based study
were screened from the SEER database using SEER*Stat Version
8.4.0.1. The SEER 17 database provides cancer cases from spe-
cific geographic areas, covering approximately 26.5% of the U.S.
population. The SEER research data include incidence and pop-
ulation data, including patient age, sex, race, year of diagnosis
and geographic areas (by SEER registry and county). No ethical
approval was necessary as this study was based on a public database
(Sturgeon et al., 2019).

Study population

A total of 5,643,421 patients with cancer were screened from 2000
to 2019 according to the International Classification of Disease
Oncology (ICD-O) third edition codes. In our study, FPC was
defined as ‘one primary only, and SPC was defined as ‘Ist of 2
or more primaries’ in the SEER database. The inclusion criteria
were as follows: (1) cancer types defined by ICD-O third edition
codes; (2) pathologically diagnosed; (3) cancer sequence num-
bers of ‘one primary only’ or ‘Ist of 2 or more primaries’; and
(4) 6 months after the diagnosis of FPC diagnosis. The exclu-
sion criteria were as follows: (1) unknown survival time and (2)
unknown race (Supplemental Figure S1). We conducted separate
analyses on system-based cancer sites in the sub-analysis accord-
ing to the ICD-O third edition codes. The results in current study
are presented for patients with cancers of the lymphoma, digestive
system, respiratory system, bones and joints, soft tissue including
heart, skin excluding basal and squamous, breast, female geni-
tal system, male genital system, urinary system, eye and orbit,
brain and other nervous system, endocrine system, oral cavity and
pharynx, myeloma, leukaemia, mesothelioma, Kaposi sarcoma and
miscellaneous.

Patient variables and outcome assessment

Patient variables were age at diagnosis (years), sex, race, year
of diagnosis, socio-demographic factors (i.e., median household
income, marital status), tumour characteristics (i.e., stage, cancer
site and grade) and cancer treatment (i.e., chemotherapy, radio-
therapy and cancer-directed surgery). In the present study, the pri-
mary endpoint event was suicide death among patients with FPC
and SPC, defined as ‘suicide and self-inflicted injury’ in the SEER
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Table 1. Demographics and clinical characteristics of the study population

Variable FPC (N = 4,931,695) SPC (N = 711,726) P
Age at <0.001
Diagnosis
(years)
<39 382,340 (7.8) 22,711 (3.2)
40-49 510,168 (10.3) 58,012 (8.2)
50-59 1,035,640 (21) 143,173 (20.1)
60-69 1,338,905 (27.1) 225,627 (31.7)
70-79 1,061,541 (21.5) 188,390 (26.5)
80 + 603,101 (12.2) 73,813 (10.4)
Sex <0.001
Female 2,435,701(49.4) 329,200 (46.3)
Male 2,495,994 (50.6) 382,526 (53.7)
Race <0.001
White 4,019,939 (81.5) 604,556 (84.9)
Black 517,236 (10.5) 63,283 (8.9)
Others? 394,520 (8.0) 43,887 (6.2)
Marital Status <0.001
Married 2,705,497 (54.9) 420,508 (59.1)
Unmarried 1,857,424 (37.7) 232,989 (32.7)
Unknown 368,774 (7.5) 58,229 (8.2)
Median <0.001
Household
Income (USS)
<40,000 181,590 (3.7) 23,243 (3.3)
40,000—49,999 476,478 (9.7) 64,918 (9.1)
50,000—59,999 736,562 (14.9) 103,197 (14.5)
60,000—69,999 1,519,407 (30.8) 210,981(29.6)
>70,000 2,016,612 (40.9) 309,279 (43.5)
Unknown 1046 (0) 108 (0)
Year of <0.001
Diagnosis
2000-2004 1,073,193 (21.8) 225,912 (31.7)
2005-2009 1,173,232 (23.8) 210,028 (29.5)
2010-2014 1,266,695 (25.7) 168,177 (23.6)
2015-2019 1,418,575 (28.8) 107,609 (15.1)
Grade <0.001
Well 432,268 (8.8) 75,825(10.7)
differentiated
Moderately 1,242,503 (25.2) 229,526 (32.2)
differentiated
Poorly 974,598 (19.8) 142,221 (20)
differentiated
Undifferentiated 171,325 (3.5) 24,563 (3.5)
Other/Unknown 2,111,001 (42.8) 239,591 (33.7)
(Continued)
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Table 1. (Continued.) database, corresponding with the International Classification of

Diseases (ICD) - 10th edition (ICD-10) codes as U03, X60-X84

N (%)

and Y87.0. Causes of death were determined on the basis of a death

Variable FPC (N = 4,931,695)  SPC (N = 711,726) P certificate recorded and confirmed by the doctor in charge of the
Stage <0.001 patient. The causes of death in the SEER database were categorized
Localized e e according to ICD-10 c'0<'ies and documentgd through the National
i ’ Center for Health Statistics. The follow-up times were from the date
Regional 1,082,650 (22) 154,963 (21.8) of cancer diagnosis to the date of death, loss to follow-up or the last
Distant 1,140,152 (23.1) 86,134 (12.1) follow-up date (31 December 2019).
Unknown 321,324 (6.5) 36,027 (5.1)
. Statistical analysis
Cancer-directed <0.001
Surgery Categorical variables at baseline were compared using the chi-
Performed 2,969,067(60.2) 506,069 (71.1) square test. As the most popular model, the Cox proportional-
hazards regression model is used to examine the predicted val-
LI S (EE) AUEHS [k ues of survival based on covariates such as treatment, age, sex,
(continued) race and income to predict survival among patients under certain
T 40,044 (0.8) 4,801 (0.7) medical conditions. The exponent of the Cox model coefficient
provides the instantaneous relative risk of a one unit increase
Radiotherapy <ol in the relevant covariate. We used univariate Cox proportional
Yes 1,469,326 (29.8) 204,210 (28.7) hazards (PHs) regression analyses to identify risk factors for sui-
cide death among patients with cancer, and multivariate analyses
No/Unknown 3,462,369 (70.2) 507,516 (71.3) . .. . .
were employed to examine factors that were significant in uni-
Chemotherapy <0.001 variate analyses (P < 0.05) as well as the system-based cancer
Yes 1,572,875 (31.9) 181,321 (25.5) sites. The PH assumption was also checked. We used Kaplan—Meier
(KM) survival curves to show the cumulative incidence of suicide
el o SO 2 e G events in patients with cancer with different clinical characteristics.
Cancer Site <0.001 Data analyses were performed using IBM SPSS Statistics (version
Lymphoma 245,321 (5) 34.864(4.9) 21.0.1). All calculations were completed with R software (version

Digestive system

872,513 (17.7)

104,036 (14.6)

4.1.2). P values <0.05 were statistically significant.

Respiratory 536,089 (10.9) 53,331 (7.5) Results

system

Bones and joints 11,682 (0.2) 886 (0.1) Study population

Soft tissue 38,418 (0.8) 4,329 (0.6) A total of 5,643,421 patients with cancer were screened from the

including heart SEER database, including 4,931,695 patients with FPC and 711,726

P P A . Ratlents w1Fh SPC (Table 1). The median follow-up time was 8.32

ing basal and [interquartile range (IQR) 3.75-13.42] and 12.67 (IQR 7.83-16.58)

squamous years for patients with FPC and SPC, respectively. Compared with

Breast D (] e patients with FPC, patients with SPC were more likely to be male
’ ’ (53.70% versus 50.60%), moderately differentiated (32.20% ver-

Female genital 323,341 (6.6) 38,873 (5.5) sus 25.20%), localized stage (61.10% versus 48.40%) and receive

system

cancer-directed surgery (71.10% versus 60.20%). Notably, breast

Male genital 832,555 (16.9) 124,329 (17.5) cancer (19.00%) was responsible for the highest number of suicides
system among patients with SPC, while digestive system cancer (17.70%)
Urinary system 339,913 (6.9) 78,679 (11.1) had the highest number of suicides among patients with FPC.
- The suicide death distribution by cancer site and age at diagnosis
ST Eils Rl ) G (0 among FPC and SPC is shown in Supplemental Figure S2. Overall,
Brain and other 77,196 (1.6) 2,694 (0.4) patients with male genital system cancer had the highest propor-
nervous system tion of suicide deaths (>25.00%), followed by digestive system
Bdeahe 162,815 (3.3) 16,244 (2.3) cancers in patients with FPC and SPC of any age group.
system
Oral cavity and 118,585 (2.4) 22,951 (3.2) Cumulative incidence of suicide death among patients with
pharynx cancer with KM analysis
Myeloma 69,683 (1.4) 6,712 (0.9) The number of suicide death for FPC and SPC were 6801 and
Leukaemia 141,644 (2.9) 15,270 (2.1) 851, respectively. When considering death by suicide as the out-
T 9.970 (0.2) 385 (0.1) come, the 5-year survival probability for patients With FPC and
SPC was found to be 99.86% and 99.94%, respectively. We fur-
e 6,021 (0.1) 840 (0.1) ther analysed the cumulative incidence of suicide death with the
Miscellaneous 123,938 (2.5) 14,631 (2.1) KM test. Figure 1 presents the results for suicide deaths in patients

with SPC. Overall, the risk of suicide increased year by year in

FPC = first primary cancer, SPC = second primary cancer. K : R K . .
patients with SPC. Older age at diagnosis was associated with

2includes American Indian/Alaska Native and Asian/Pacific Islander.
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Figure 1. Kaplan-Meier survival analysis of patients with second primary cancer.

a higher incidence of suicide death among patients with SPC
(P < 0.001) (Fig. 1a) and the suicide death was not significantly
different for patients undergoing chemotherapy (P = 0.118) (Fig.
1k). The year of diagnosis was not statistically significant for the

(Fig. 2).

Jiang et al.
- 1.539 - 350-58 — 5.70-79 e ——1.< 540,000 = 4,560,000 - $60.999 i Cancer-deecied Surgery  —— 1 Parformed 2 Nt parformed
Ape M gnosly 240-49 — 460-69 — 680+ Income 2,540,000 - 540,990 = 5.570,000+
~== 3,850,000 - $50,000 06%
1VS5 2 P=0.543 1 V5 3 P=0.388
1VS 4 P=0.067 1 V5 5 P=0.001 0.4% r
1VES 6 P<0.001 2VS 3 P=0.032 | — ‘{ J_
2VS 4 P<0.001 2 VS 5 P=<0.001 £ E
2VSEP<00013VS4PR004D r 2 0.4
3VS 5 P<0.001 - ] 0:3% 3 0.4% 1VS 2 P<0.001
3VS 8 P<0.001 T ] N <
4V5 5 P<0.001 J Z E £
4VS6P<0.001 £0.2% /_F g
5VS 6 P=0.064 = Vs 2P=0.140 H
£ 1V53P=0.243 0 0.2%
o 4 P=0.007 1VS 5 P<0.001
0.1% 2VS 3P=0.5712VS 4 P=0.142
2V5 5 P<0.001 3VS 4 P=0.011
3VS 5P<0.001 4 VS 5 P=0.004
0.0% 0.0%
0 48 96 144 192 240 288 0 48 96 144 192 240 288 0 48 96 144 192 240 288
Survival time (months) Survival time (months) Survival time (manths)
Sex — 1.Female 2 Male f — 1.2000-2004 — 3.2010-2014 3 Redictherapy — 1.Yes 2 No/Unknown
Yomm of Olgrioats 22005-2009 -— 4.2015-2019 J
0.4%
0.3%
1VS 2 P<0.001 P . e
=0,
E0.2% 7 g
3 ‘ 2
F 1VS 2 P<0.001 202%
] 1VS 3 P<0.001 é
g 1VS 4 P<0.001 3
& 0.1%
2VS 3 P<0.001 0.1%
2VS 4 P<0.001
/ 3VS 4 P=0.140
0.0% 0.0%
0 48 96 144 192 240 288 0 48 96 144 192 240 288 0 48 96 144 192 240 288
Survival time (months) Survival time (maonths) Survival ime (months)
Race —— 1.White 2Black —— 30thers g s 1.Wel -3 y k Chemotherapy  —— 1.Yos 2 NofUnkncem
2 y - 4
0.4%
1VS 2 P<0.001 0.4%
1VS 3 P<0.001
2VS 3 P=0.497 — 0.3%1{ 1VS2 P=0.118
0.3% = -
5 §
g 7 -
£0.2% L £02%
g S 2P=0177 3
g 1VS 3 P=0.079 3
1VS 4 P<0.001 f
0.1% 4
- 2VS 3 P=0.487 rd
2VS 4 P=<0.001 /"
3VS5 4 P<0.001
0.0% B4 P 0.0%4 -
0 48 96 144 192 240 288 0 48 96 144 192 240 288 0 48 96 144 192 240 288
Survival time (months) Survival time (months) Survival time (months)
Marital Status = 1.Mamied 2 Unmarried h Stage - 1Localized 2 Regional  ~=— 3.Distant
0.4%
1VS 2 P=0.757 J
1VS 3 P<0.001 I'I
1VS 2 P<0.001 0.3% 2 VS 3 P<0.001 _r—f
g r
B "
® F
20.2% g/
£ f S/
3
rd
0.1%
0.0%
0 48 96 144 192 240 288 0 48 96 144 192 240 288

risk of suicide among patients with FPC (P > 0.05) (Supplementary
Figure S3). In addition, we observed a significantly lower suicide
death for patients with SPC than for patients with FPC (P < 0.001)
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Figure 2. Probability of suicide among patients with first and second primary cancer.

Cox PHs regression analysis among patients with FPC and SPC

We used a Cox PHs regression model to estimate risk factors for
survival time. In the univariate Cox analysis, older age, male sex,
white race, unmarried status, advanced stage, poorer differentia-
tion and untreated (including cancer-related surgery and radio-
therapy) patients had a higher risk of suicide in both the FPC and
SPC populations. Notably, chemotherapy was statistically signifi-
cant for patients with FPC (p < 0.001) but not for patients with SPC
(P =0.118) in the univariate Cox analysis (Supplemental Tables S1
and S2). Multivariate Cox PHs regression further included cancer
sites and statistically significant factors in univariate Cox analysis
(P < 0.05). Figure 3 depicts a forest plot of multivariate Cox PHs
regression analysis of patients with SPC. The results were basically
consistent with single factors. Notably, cancer grade (P > 0.05), as
well as radiotherapy (P = 0.115), were not statistically significant
for suicide death in patients with SPC. Patients aged >80 years had
a higher suicide death than patients with cancer aged <39 years
(HR, 1.73; 95% CI, 1.08-2.77). Compared with patients with lym-
phoma, patients with female genital system cancer (HR, 3.04; 95%
CI, 1.82-6.36) had the highest risk of suicide. In addition, there was
no significant difference in suicide death among patients with dif-
ferent malignancies of the female genital system, including cervix
uteri, uterus, ovary, vagina and vulva (Supplemental Table S3).
Among patients with FPC, patients with mesothelioma (HR, 3.17;
95% CI, 2.02-4.98) had the highest suicide death, followed by
patients with oral cavity and pharynx cancer (HR, 2.63; 95% CI,
2.24-3.09) (Supplemental Figure S4).

Suicide distribution of cancer site and survival time

In the suicide death distribution of patients with SPC, suicide
events occur mainly within 5 to 15 years after diagnosis.

Survival time (months)

Respiratory system cancer had the highest suicide proportion
within 5 years (Fig. 4a). Strikingly, patients with FPC accounted for
a significantly higher proportion of suicides within the first year
and within 5 years, and more than 50.00% of patients presented
with suicidal behaviour during 5 years of follow-up (Fig. 4b).

Discussion

This is a large-scale study exploring suicide death among patients
with SPC and FPC based on U.S. registry data. After adjusting for
several potential confounders, we observed a reduced risk of sui-
cide death among patients with SPC compared to patients with
FPC throughout the follow-up period. However, patients with SPC
had an increasing risk of suicide as the diagnosis year increased.
Our study explored the risk of suicide in patients with SPC by
comparison with patients with FPC, providing a scientific basis for
suicide death management strategies for patients with SPC.
Previous studies have mainly focused on suicide by individual
cancer type (Chen et al., 2021a; 2021b), or in patients with FPC
(Chen et al., 2022; Ma et al., 2021), which has limited our knowl-
edge of the suicide death among patients with SPC with extensive
cancer types. Our study found a reduction in suicide death with an
SPC diagnosis compared to an FPC diagnosis. Although there is
a lack of similar research, our study provides direction for future
exploration. Previous related studies differ in part from our study.
Yang et al. reported a higher risk of suicide among patients with
SPC compared with patients with FPC (Yang et al., 2022). This
disparity could be attributed to the inconsistency in the year of
diagnosis within their sample. Their study included data from 1975
to 2016, while our study covered the period from 2000 to 2019.
Notably, during earlier times, patients with SPC had poor access
to good care, which likely contributed to an higher risk of death



Variable
Age at Diagnosis (years)
<39

Sex

Race

40-49
50-59
60-69
70-79
80+

Female
Male

White
Black
Others

Marital Status

Married
Unmarried
Unknown

Median Household Income

< $40,000
$40,000 - $49,999
$50,000 - $59,999
$60,000 - $69,999
$70,000+
Unknown

Year of Diagnosis

Grade

Stage

2000-2004
2005-2009
2010-2014
2015-2019

Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Other/Unknown

Localized
Regional
Distant

Unknown

Cancer-directed Surgery

Not performed
Performed
Unknown

Radiotherapy

Yes
No/Unknown

Cancer Site

Lymphoma

Digestive System
Respiratory System

Bones and Joints

Soft Tissue including Heart

Skin excluding Basal and Squamous

Breast

Female Genital System
Male Genital System
Urinary System

Eye and Orbit

Brain and Other Nervous System
Endocrine System

Oral Cavity and Pharynx
Myeloma

Leukemia

Mesothelioma

Kaposi Sarcoma
Miscellaneous

L BTN )

I
01

234567891

<Low risk- -High risk>

HR (95%Cl)

1.00 [Reference]
0.873 (0.536-1.423)
0.951 (0.613-1.474)
1.030 (0.669-1.586)
1.368 (0.885-2.115)
1.727 (1.075-2.774)

1.00 [Reference]
6.990 (5.225-9.352)

1.00 [Reference]
0.241 (0.156-0.373)
0.407 (0.257-0.642)

1.00 [Reference]
1.722 (1.484-1.998)
0.932 (0.712-1.219)

1.00 [Reference]
0.764 (0.517-1.129)
0.821 (0.571-1.182)
0.663 (0.467-0.942)
0.534 (0.377-0.756)

0.000 (0.000-1.031E+124)

1.00 [Reference]
1.277 (1.080-1.511)
1.736 (1.412-2.135)
2.190 (1.555-3.084)

1.00 [Reference]
0.861 (0.668-1.111)
0.946 (0.717-1.247)
1.439 (0.970-2.136)
0.982 (0.732-1.319)

1.00 [Reference]
1.088 (0.899-1.316)
1.493 (1.110-2.007)
1.189 (0.875-1.615)

1.00 [Reference]
1.415 (1.152-1.738)
1.002 (0.412-2.438)

1.00 [Reference]
1.160 (0.964-1.395)

1.00 [Reference]
2.375 (1.540-3.663)
1.793 (1.116-2.881)
1.369 (0.184-10.169)
0.943 (0.283-3.141)
1.558 (0.997-2.435)
2,611 (1.508-4.522)
3.042 (1.819-6.361)
1.374 (0.888-2.124)
1.795 (1.140-2.827)

0.000 (0.000-5.913E+43)

0.616 (0.083-4.588)
1.151 (0.538-2.462)
3.012 (1.872-4.845)
1.218 (0.539-2.756)
1.156 (0.678-1.971)

0.000 (0.000-2.641E+102)

2.457 (0.741-8.141)
1.264 (0.703-2.271)

0.586
0.821
0.895
0.158
0.024

<0.001

<0.001
<0.001

<0.001
0.606

0.177
0.288
0.022
<0.001
0.955

0.004
<0.001
<0.001

0.25
0.693
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Figure 3. Multivariate Cox proportional hazards regression analyses of patients with second primary cancer. Lymphoma is used as the reference for Cox proportional hazard

model.
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Figure 4. Follow-up trends of patients with first and second primary cancer from cancer diagnosis to suicide.

by suicide. Consequently, the overall suicide death reported by  time of patients from SPC diagnosis to suicide increased signifi-
Yang et al. for patients with SPC would be likely influenced by the  cantly, which may be associated with greater psychological power
poor access to good care before 2000. Additionally, the survival  and adaptation to cancer-related treatment (Schofield et al., 2003).



Samson and Zerter pointed out that the experience of cancer is
an experience that promotes great personal and spiritual growth,
which can provoke personal growth and transformation (Samson
and Zerter, 2003).

Notably, the risk of suicide increased year by year in patients
with SPC, despite the reduction in the risk of suicide and the
increase in survival time from diagnosis to suicide. Of note, we
found that patients with FPC have a decreased risk of suicide as the
year of diagnosis increases, while it increases among patients with
SPC. Our results are in line with previous studies. For example, Ma,
Wen et al. reported a significant decrease in age-adjusted suicide
death from 1975 to 2017 in almost all patients with solid tumours
(Ma et al., 2021). Improvements in living standards and medical
technology may help reduce suicide death in patients with FPC
(D’Anci et al., 2019) . For patients with SPC, the diagnosis of SPC
is devastating and causes great psychological stress (Kazak et al,
2010; Mitchell et al., 2011). At the same time, the treatment modal-
ity that patients receive after the treatment of FPC may have an
effect on the occurrence of SPC (Chaturvedi et al., 2007; El-Gamal
and Bennett, 2006), which may lead to patients’ disappointment
with the treatment modality (Schmid et al., 2005), causing higher
suicide death year by year. Although the overall risk of suicide
decreased over the year of diagnosis for patients with SPC com-
pared with those with FPC, patients with SPC have an increased
risk of suicide as the year of diagnosis increases, underscoring the
importance of continuous suicide interventions.

Similar to the results of previous FPC studies (Misono et al.,
2008; Saad et al, 2019; Yang et al., 2021), our study found char-
acteristics associated with high suicide death among patients with
SPC. Older patients (85+) had a higher risk of suicide, which may
be related to poorer health status, low resistance, low quality of life,
loneliness and depression among older patients with SPC (Kam
et al., 2015; Gaitanidis et al., 2018; Yang et al., 2019). However, it
is worth noting that regardless of cancer, older people, particularly
those over 80 years of age, are at higher risk of suicide, especially
when facing conditions such as chronic pain, dependence on oth-
ers, loneliness, feelings of abandonment and loss of meaning. The
goal of SPC suicide prevention may be included in a broader one to
improve the quality of life for elder and eliminate factors that con-
tribute to depression (Leo, 2022). In addition, the suicide death is
markedly higher among men with SPC than women, which may be
due to influence by conventional masculine social norms and the
worse emotion regulating than women (Moller-Leimkiihler, 2002;
Nolen-Hoeksema, 2012). White patients were more likely to com-
mit suicide than patients of other races, which may be attributable
to the majority of study subjects being white (84.9%) and to the reli-
gious beliefs of various ethnic groups (Yu et al., 2022). Additionally,
the marital status of patients with SPC was also linked to suicide
death. We found that unmarried patients with SPC had a higher
risk of suicide. Studies have revealed that married patients could
receive more care and socioeconomic support from their partners,
who are less likely to be depressed and commit suicide (Aizer et al.,
2013). Our study also found that patients with SPC with a median
household income of over $60,000 have a lower risk of suicide.
This finding corresponded to another population-based study (Suk
et al., 2021), which may be due to the lack of mental healthcare for
patients with cancer living in low-income areas.

Intriguingly, cancer grade, chemotherapy and radiotherapy had
no significant effect on suicide death among patients with SPC. This
may be due to the tolerance of cancer and related treatments and
psychological preparation after FPC treatment. This result indi-
cates that radiotherapy and chemotherapy can be recommended
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more positively in treating patients with SPC. Strikingly, patients
with female genital system cancer harboured the highest suicide
death among patients with SPC in the current study. The sex-
ual impact of gynaecologic cancer treatment on physical aspects
is well documented (Abbott-Anderson and Kwekkeboom, 2012;
Audette and Waterman, 2010; Boa and Grénman, 2018). Ward et al.
reported that patients with gynaecologic malignancies had a 1.3
times higher incidence of suicide than patients with other can-
cer types (Ward et al., 2013). The high risk of suicide in patients
with female genital system cancer may be multifactorial. Similar
to patients with other cancers, patients with female genital sys-
tem cancer bear a significant psychological burden after a cancer
diagnosis (Boa and Grénman, 2018; Pignata et al., 2001). In addi-
tion, previous studies have shown that 50% of women with female
genital system cancer may experience anatomical changes in their
genitalia while undergoing treatment, which may have an irre-
versible impact on sexual function and may lead to changes in
relationships with sexual partners, resulting in anxiety and depres-
sion (Andersen and van Der Does, 1994; Stead et al., 2007).
Furthermore, several previous studies have shown that patients
with female genital system cancer express concerns related to neg-
ative body image (Carmack Taylor et al, 2004). Above all, the
combination of these emotional and psychological stressors may
increase the risk of suicide death in women with genital system
cancer.

These results further elucidate the psychological stress associ-
ated with a diagnosis of SPC and call for attention to the mental
health status of patients with SPC, particularly those diagnosed in
recent years who have female genital system cancer, are 85+ years
of age, are white and are unmarried. Those patients need psy-
chological interventions such as effective psychosocial care and
effective suicide death screening. Given the increased risk of sui-
cide in patients with SPC over the years, continued psychological
support is of greater significance than early psychological support
for these priority patients.

The major strength of our study is the large population sample
of patients with SPC and FPC in the United States. The large sam-
ple size enables us to perform detailed analyses of all subgroups,
increasing the reliability of our results. Using ample information
on cancer characteristics and treatment modality, we are able to
analyse the factors related to suicide in patients with cancer more
deeply in our analysis.

Our study has some limitations. First, the specific cause of death
is often difficult to identify, and the ICD-10 cause of death code
is unique, so there may be a possibility of misclassification bias
for death causes in the SEER database (Horn et al., 2020; Zaorsky
et al., 2017). Second, the comorbid medical and psychiatric con-
ditions were not assessed, including factors that could influence
the incidence of cancer, such as alcohol and tobacco use, which
may be associated with their own risk of suicide. Likewise, sup-
portive psychosocial care was not assessed, although combining
cancer treatments with supportive care can improve prognosis
while reducing adverse effects like suicide death. Third, we are
unable to affirm whether the suicide event is secondary to the
diagnosis of cancer, other diseases or dramatic changes in life
circumstances that occurred in the interval after the cancer diag-
nosis. Fourth, it is difficult to estimate the effect of time-varying
trends, such as therapeutic advances and people’s perceptions of
cancer over the past 20 years (de Vries et al., 2021). Finally, cau-
tion should be exercised when generalizing the findings to other
countries, as the SEER 17 database provides data from specific
geographic area.
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Conclusions

Compared with patients with FPC, patients with SPC in gen-
eral had a lower risk of suicide. However, patients with SPC have
an increasing risk of suicide as the year of diagnosis increases.
Therefore, oncologists and related health professionals need to pro-
vide continuous psychological support to reduce the incidence of
suicide, especially for those diagnosed in the most recent year,
age of 85+ years, white race and unmarried patients. The results
of the current study may provide some scientific basis for the
development of a comprehensive suicide death scoring system for
screening suicide death in patients with SPC. Larger and longer
follow-up cohort studies are needed to validate the SPC-suicide
correlation in the future.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/52045796023000690.

Availability of data and materials. The datasets are publicly available from
the SEER database (http://seer.cancer.gov).

Acknowledgements. We thank the Surveillance, Epidemiology, and End
Results (SEER) program of the National Cancer Institute (NCI) for providing
these data.

Author contributions. Y], FZ and SY designed the study. Y], YW, XC and ZZ
downloaded and analysed data. JW, HY, GY, ZL and XC controlled the quality
of data and algorithms. ZZ, JW and HY prepared for the manuscript. YJ, YW
and XC wrote the manuscript. FZ and SY edited and reviewed the manuscript
review. All authors read and approved the final manuscript. Yanting Jiang and
Yiqi Wang contributed equally to this study. Senxiang Yan can also be contacted
for correspondence, yansenxiang@zju.edu.cn.

Financial support. This study has been supported by the National Natural
Science Foundation of China (82171890 and 81701683) and Key Research
and Development Projects of Zhejiang Provincial Science and Technology
Department (2021C03122).

Competing interests. The authors have no conflict of interest, financial or
otherwise.

Ethical standards. We obtained summary data from publish database.
Therefore, no further sanction was required.

References

Abbott-Anderson K and Kwekkeboom KL (2012) A systematic review of
sexual concerns reported by gynecological cancer survivors. Gynecologic
Oncology 124(3), 477-489.

Aizer AA, Chen M-H, McCarthy EP, Mendu ML, Koo S, Wilhite TJ,
Graham PL, Choueiri TK, Hoffman KE, Martin NE, Hu JC and Nguyen PL
(2013) Marital status and survival in patients with cancer. Journal of Clinical
Oncology: Official Journal of the American Society of Clinical Oncology
31(31), 3869-3876.

Andersen BL and van Der Does J (1994) Surviving gynecologic cancer
and coping with sexual morbidity: An international problem. International
Journal of Gynecological Cancer: Official Journal of the International
Gynecological Cancer Society 4(4), 225-240.

Audette C and Waterman J (2010) The sexual health of women after gyneco-
logic malignancy. Journal of Midwifery & Women’s Health 55(4), 357-362.
Boa R and Grénman S (2018) Psychosexual health in gynecologic cancer.
International Journal of Gynaecology and Obstetrics: The Official Organ of
the International Federation of Gynaecology and Obstetrics 143(Suppl 2),

147-152.

Brinkman TM, Recklitis CJ, Michel G, Grootenhuis MA and Klosky JL
(2018) Psychological symptoms, social outcomes, socioeconomic attain-
ment, and health behaviors among survivors of childhood cancer:

Current state of the literature. Journal of Clinical Oncology: Official Journal
of the American Society of Clinical Oncology 36(21), 2190-2197.

Carioli G, Malvezzi M, Bertuccio P, Hashim D, Waxman S, Negri E,
Boffetta P and La Vecchia C (2019) Cancer mortality in the elderly in 11
countries worldwide, 1970-2015. Annals of Oncology: Official Journal of the
European Society for Medical Oncology 30(8), 1344-1355.

Carmack Taylor CL, Basen-Engquist K, Shinn EH and Bodurka DC (2004)
Predictors of sexual functioning in ovarian cancer patients. Journal of
Clinical Oncology: Official Journal of the American Society of Clinical
Oncology 22(5), 881-889.

Chaturvedi AK, Engels EA, Gilbert ES, Chen BE, Storm H, Lynch CF, Hall P,
Langmark F, Pukkala E, Kaijser M, Andersson M, Fossa SD, Joensuu H,
Boice JD, Kleinerman RA and Travis LB (2007) Second cancers among
104,760 survivors of cervical cancer: Evaluation of long-term risk. Journal
of the National Cancer Institute 99(21), 1634-1643.

Chen G, Jiang Y, Yang F, Cai Q, Liu J, Wu Y and Lin H (2021a) Risk factors
associated with suicide among hepatocellular carcinoma patients: A surveil-
lance, epidemiology, and end results analysis. European Journal of Surgical
Oncology 47(3), 640-648.

Chen G, Lin H, Xu F, Liu J, Cai Q, Yang F, Lv L and Jiang Y (2021b) Risk factors
associated with suicide among esophageal carcinoma patients from 1975 to
2016. Scientific Reports 11(1), 18766.

Chen Y, Yu K, Xiong J, Zhang J, Zhou S, Dai J, Wu M and Wang S (2022)
Suicide and accidental death among women with primary ovarian cancer: A
population-based study. Frontiers in Medicine 9, 833965.

Dalela D, Krishna N, Okwara J, Preston MA, Abdollah F, Choueiri TK,
Reznor G, Sammon JD, Schmid M, Kibel AS, Nguyen PL, Menon M
and Trinh Q-D (2016) Suicide and accidental deaths among patients with
non-metastatic prostate cancer. BJU International 118(2), 286-297.

D’Anci KE, UhlS, Giradi G and Martin C (2019) Treatments for the prevention
and management of suicide: A systematic review. Annals of Internal Medicine
171(5), 334-342.

de Vries S, Schaapveld M, Janus CPM, Daniéls LA, Petersen EJ, van der
Maazen RWM, Zijlstra JM, Beijert M, Nijziel MR, Verschueren KMS,
Kremer LCM, van Eggermond AM, Lugtenburg PJ, Krol ADG,
Roesink JM, Plattel WJ, van Spronsen DJ, van Imhoff GW, de Boer JP and
van Leeuwen FE (2021) Long-term cause-specific mortality in Hodgkin
lymphoma patients. Journal of the National Cancer Institute 113(6), 760-769.

Dewar EO, Ahn C, Eraj S, Mahal BA and Sanford NN (2021) Psychological
distress and cognition among long-term survivors of adolescent and young
adult cancer in the USA. Journal of Cancer Survivorship: Research and
Practice 15(5), 776-784.

Du L, Shi H-Y, Yu H-R, Liu X-M, Jin X-H, Yan-Qian N, Fu X-L, Song Y-P,
Cai J-Y and Chen H-L (2020) Incidence of suicide death in patients with
cancer: A systematic review and meta-analysis. Journal of Affective Disorders
276,711-719.

El-Gamal H and Bennett RG (2006) Increased breast cancer risk after radio-
therapy for acne among women with skin cancer. Journal of the American
Academy of Dermatology 55(6), 981-989.

Fane M and Weeraratna AT (2020) How the ageing microenvironment influ-
ences tumour progression. Nature Reviews Cancer 20(2), 89-106.

Fazel S and Runeson B (2020) Suicide. The New England Journal of Medicine
382(3), 266-274.

Gaitanidis A, Alevizakos M, Pitiakoudis M and Wiggins D (2018) Trends
in incidence and associated risk factors of suicide mortality among breast
cancer patients. Psycho-Oncology 27(5), 1450-1456.

Heinrich M, Hofmann L, Baurecht H, Kreuzer PM, Kniittel H,
Leitzmann MF and Seliger C (2022) Suicide risk and mortality among
patients with cancer. Nature Medicine 28(4), 852-859.

Horn SR, Stoltzfus KC, Mackley HB, Lehrer EJ, Zhou S, Dandekar SC,
Fox EJ, Rizk EB, Trifiletti DM, Rao PM and Zaorsky NG (2020) Long-
term causes of death among pediatric patients with cancer. Cancer 126(13),
3102-3113.

Kam D, Salib A, Gorgy G, Patel TD, Carniol ET, Eloy JA, Baredes S and
Park RCW (2015) Incidence of suicide in patients with head and neck cancer.
JAMA Otolaryngology-Head & Neck Surgery 141(12), 1075-1081.

Kazak AE, Derosa BW, Schwartz LA, Hobbie W, Carlson C, Ittenbach RF,
Mao JJ and Ginsberg JP (2010) Psychological outcomes and health beliefs


https://doi.org/10.1017/S2045796023000690
http://seer.cancer.gov
mailto:yansenxiang@zju.edu.cn

10

in adolescent and young adult survivors of childhood cancer and controls.
Journal of Clinical Oncology: Official Journal of the American Society of
Clinical Oncology 28(12), 2002-2007.

Leo D (2022) Late-life suicide in an aging world. Nature Aging 2(1), 7-12.2.

LinL,LiZ, Yan L, Liu Y, Yang H and Li H (2021) Global, regional, and national
cancer incidence and death for 29 cancer groups in 2019 and trends analysis
of the global cancer burden, 1990-2019. Journal of Hematology ¢ Oncology
14(1), 197.

Ma W, Wu W, Fu R, Zheng S, Bai R and Lyu J (2021) Coincident patterns of
suicide risk among adult patients with a primary solid tumor: A large-scale
population study. International Journal of General Medicine 14, 1107-1119.

Misono S, Weiss NS, Fann JR, Redman M and Yueh B (2008) Incidence
of suicide in persons with cancer. Journal of Clinical Oncology 26(29),
4731-4738.

Mitchell AJ, Chan M, Bhatti H, Halton M, Grassi L, Johansen C and
Meader N (2011) Prevalence of depression, anxiety, and adjustment disorder
in oncological, haematological, and palliative-care settings: A meta-analysis
of 94 interview-based studies. The Lancet Oncology 12(2), 160-174.

Moller-Leimkiihler AM (2002) Barriers to help-seeking by men: A review of
sociocultural and clinical literature with particular reference to depression.
Journal of Affective Disorders 71(1-3), 1-9.

Nolen-Hoeksema S (2012) Emotion regulation and psychopathology: The role
of gender. Annual Review of Clinical Psychology 8, 161-187.

Pignata S, Ballatori E, Favalli G and Scambia G (2001) Quality of life:
Gynaecological cancers. Annals of Oncology: Official Journal of the European
Society for Medical Oncology 12(Suppl 3), S37-42.

Riley RS, June CH, Langer R and Mitchell MJ (2019) Delivery technologies
for cancer immunotherapy. Nature Reviews Drug Discovery 18(3), 175-196.

Rombouts AJM, Hugen N, Elferink MAG, Feuth T, Poortmans PMP,
Nagtegaal ID and de Wilt JHW (2017) Incidence of second tumors after
treatment with or without radiation for rectal cancer. Annals of Oncology:
Official Journal of the European Society for Medical Oncology 28(3), 535-540.

Saad AM, Gad MM, Al-Husseini M]J, AlKhayat MA, Rachid A, Alfaar AS
and Hamoda HM (2019) Suicidal death within a year of a cancer diagnosis:
A population-based study. Cancer 125(6), 972-979.

Samson A and Zerter B (2003) The experience of spirituality in the psycho-
social adaptation of cancer survivors. The Journal of Pastoral Care &
Counseling: JPCC 57(3), 329-343.

Schmid R, Spiefil H and Cording C (2005) Zwischen Verantwortung und
Abgrenzung: Emotionale Belastungen von Angehoérigen psychisch Kranker.
Psychiatr Prax, 32(6), 272-280.

Schofield P, Butow P, Thompson J, Tattersall M, Beeney L and Dunn S (2003)
Psychological responses of patients receiving a diagnosis of cancer. Annals of
Oncology, 14(1), 48-56.

Stead ML, Fallowfield L, Selby P and Brown JM (2007) Psychosexual func-
tion and impact of gynaecological cancer. Best practice & research. Clinical
Obstetrics & Gynaecology 21(2), 309-320.

Jiang et al.

Sturgeon KM, Deng L, Bluethmann SM, Zhou S, Trifiletti DM, Jiang C,
Kelly SP and Zaorsky NG (2019) A population-based study of cardiovas-
cular disease mortality risk in US cancer patients. European Heart Journal
40(48), 3889-3897.

Suk R, Hong Y-R, Wasserman RM, Swint JM, Azenui NB, Sonawane KB,
Tsai AC and Deshmukh AA (2021) Analysis of suicide after cancer diagno-
sis by US County-Level Income and Rural vs Urban Designation, 2000-2016.
JAMA Network Open 4(10), €2129913.

Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A and
Bray F (2021) Global cancer statistics 2020: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 Countries. CA: A
Cancer Journal for Clinicians 71(3), 209-249.

van der Waal I and de Bree R (2010) Second primary tumours in oral cancer.
Oral Oncology 46(6), 426-428.

Vanneman M and Dranoff G (2012) Combining immunotherapy and targeted
therapies in cancer treatment. Nature Reviews Cancer 12(4), 237-251.

Ward KK, Roncancio AM and Plaxe SC (2013) Women with gynecologic
malignancies have a greater incidence of suicide than women with other
cancer types. Suicide & Life-Threatening Behavior 43(1), 109-115.

Yang J, He G, Chen S, Pan Z, Zhang J, Li Y and Lyu J (2019) Incidence and
risk factors for suicide death in male patients with genital-system cancer in
the United States. European Journal of Surgical Oncology: The Journal of the
European Society of Surgical Oncology and the British Association of Surgical
Oncology 45(10), 1969-1976.

Yang H, Qu Y, Shang Y, Wang C, Wang J, Lu D and Song H (2022)
Increased risk of suicide among cancer survivors who developed a sec-
ond malignant neoplasm. Computational Intelligence and Neuroscience 2022,
2066133.

Yang P, Zhang L and Hou X (2021) Incidence of suicide among adolescent
and young adult cancer patients: A population-based study. Cancer Cell
International 21(1), 540.

Yu H, Tao S, She W, Liu M, Wu Y and Lyu J (2022) Analysis of suicide risk
in adult US patients with squamous cell carcinoma: A retrospective study
based on the Surveillance, Epidemiology and End Results database. BMJ
Open 12(9), 061913.

Zaimy MA, Saffarzadeh N, Mohammadi A, Pourghadamyari H, Izadi P,
Sarli A, Moghaddam LK, Paschepari SR, Azizi H, Torkamandi S and
Tavakkoly-Bazzaz J (2017) New methods in the diagnosis of cancer and
gene therapy of cancer based on nanoparticles. Cancer Gene Therapy 24(6),
233-243.

Zaorsky NG, Churilla TM, Egleston BL, Fisher SG, Ridge JA, Horwitz EM
and Meyer JE (2017) Causes of death among cancer patients. Annals of
Oncology: Official Journal of the European Society for Medical Oncology 28(2),
400-407.

Zaorsky NG, Zhang Y, Tuanquin L, Bluethmann SM, Park HS
and Chinchilli VM (2019) Suicide among cancer patients. Nature
Communications 10(1), 207.



	Suicide rates among patients with first and second primary cancer
	Introduction
	Methods
	Data source
	Study population
	Patient variables and outcome assessment
	Statistical analysis

	Results
	Study population
	Cumulative incidence of suicide death among patients with cancer with KM analysis
	Cox PHs regression analysis among patients with FPC and SPC
	Suicide distribution of cancer site and survival time

	Discussion
	Conclusions
	Acknowledgements
	References


