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Background: The rate of suicide within one year after diagnosis in pancreatic
cancer patients are high, but suicide studies based on the current large-scale
data are still a vacancy. Our study aimed to determine, compared to the general
population, the standardized mortality ratios (SMRs) of suicide and risk factors
associated with pancreatic cancer patients committing suicide to provide clues
for prevention.

Methods: We collected 199,604 patients diagnosed with pancreatic cancer
between 2000 and 2018 from the SEER database. Multivariate logistic
regression and multivariate Cox regression were applied to determine the
risk factors independently affecting the suicide outcome of pancreatic cancer
patients.

Results: A total of 180 suicide deaths were observed in the cohort, yielding an
overall suicide rate of 88.05 per 100,000 person-years and an SMR of 6.43. In
multivariate analyses, males (HR: 12.798, 95% Cl: 7.471-21.923), unmarried (HR:
1.826, 95% Cl: 1.205-2.767), and divorced, separated or widowed (HR: 1.779,
95% Cl: 1.230-2.572) were found associated with a higher risk of suicide. While
race black (HR: 0.250, 95% CI: 0.110-0.567), diagnosed with pancreatic
neuroendocrine tumor (HR: 0.487, 95% CI: 0.276-0.859), received
chemotherapy (HR: 0.456, 95% Cl: 0.323-0.646), and received surgical
procedures (HR: 0.553, 95% CI: 0.342-0.895) were indicated might
protective factors.

Conclusions: The 199,604 pancreatic cancer patients diagnosed between
2000 and 2018 had an overall suicide rate of 88.05 per 100,000 person-
years and an SMR of 6.43 compared to the U.S. general population. Male, white,
unmarried, and diagnosed with pancreatic adenocarcinoma patients were
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associated with a higher risk of suicide, while cancer-directed surgery and
chemotherapy might indicate protective factors. The screening and prevention
process should be enhanced for pancreatic cancer patients with adverse risk
factors. Moreover, it is reasonable to assume that timely cancer-directed
treatment might help reduce the subsequent suicide risk of pancreatic

cancer patients.
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Highlights

* A total of 180 suicide deaths were observed in 199,604
pancreatic cancer patients from 2000 to 2018,
representing 0.10% of all death records, yielding an
overall suicide rate of 88.05 per 100,000 person-years.

* As chemotherapy and cancer-directed surgery indicated
protective factors, it is reasonable to assume that timely
cancer-directed treatment might help reduce the
subsequent suicide risk of pancreatic cancer patients.

Introduction

Suicide is the culmination of unmanaged negative emotions
(1), posing a severe health burden to society. In 2020, suicide was
the second leading cause of death in the 10-34 age group and
12th among all age groups in the United States (2). The 2020
U.S. overall suicide rate was 13.5 per 100,000 standard
population, resulting in 45,979 deaths, yielding an increase of
30% over the past 20 years (2). As reported, approximately 70%
of suicides in patients over 60-year-old were illness-related (3, 4).
Cancer is a major health problem worldwide and the second
leading cause of death in the United States (5). Its diagnosis and
long treatment process often cause not only physical or financial
burdens but also severe psychological stress to patients (6, 7),
which has been demonstrated to double the risk of suicide
compared to the general population (3, 8-10). However, these
additional life losses are potentially preventable with early and
appropriate psychological intervention to some extent (11). The
Cancer Taskforce in the UK. further highlighted that better
management of depression could also improve cancer patients’
outcomes (11). Therefore, it is proved necessary and desperate to
identify patient groups with a higher risk of suicide at the
population level and conduct timely psychological screening or
intervention measures (1).
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Pancreatic cancer is the fourth leading cause of cancer death
in the United States, with a five-year survival rate of only 11%
(5). Several surveys have elaborated on the significant clinical
association between pancreatic cancer and depression, which
might be more robust than other advanced abdominal
malignancies (12-14). As reported, there was a 38-45%
depression rate among pancreatic cancer patients and the
highest suicide rate within a year after diagnosis of all cancers
(15-17). However, suicide studies focusing on pancreatic cancer
are scarce, and there are no reliable conclusions based on a large,
contemporary population. Therefore, based on the SEER
database, the objective of our study is to determine the suicide
rate of pancreatic cancer patients from 2000 to 2018 in the U.S,,
compared with the general population in different demographic
and clinicopathological subgroups, identify factors that
potentially increase the suicide risk, and provide research
evidence for reducing the risk of suicide in patients with
pancreatic cancer.

Materials and methods
Data source and selection

We extracted patients pathologically diagnosed with
pancreatic cancer between 2000 to 2018 from the National
Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) program. The subdatabase “Incidence - SEER Research
Plus Data, 18 Registries, Nov 2020 Sub (2000-2018)” was
selected as the resource for our study population. In addition,
the U.S. general population data were also accessed from the
National Vital Statistics Reports by National Center for Health
Statistics for comparison (18). Patients with primary pancreatic
tumors with malignant behavior from 2000 to 2018 were
identified by the primary site codes C25.0-C25.9 in ICD-O-3
(19). Patients with unknown age, race, follow-up time, or only
autopsy diagnosis were excluded from the study cohort. A total
of 199,604 pancreatic cancer patients who met the study
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requirements were finally enrolled. The detailed screening
process is shown in Figure 1. The primary outcome of concern
was suicide deaths, with the cause of death described as “Suicide
and Self-Inflicted Injury” in the SEER database with the
International Classification of Diseases, Tenth Revision (ICD-
10) codes U03, X60-X84, and Y87.0. And definitions of these
codes by The World Health Organization (WHO) can be found
on this website: https://icd.who.int/browse10/2019/en. The
software of SEER*Stat (version 8.3.9) was used to extract
the patients.

Variables identified

The following patients’ characteristics of interest were all
enrolled: gender, race (white, black, others), state, age of
diagnosis, year of diagnosis, marital status, primary tumor site
(head, body or tails, others), histological type, histological grade,
SEER summary stage (localized, regional, distant), radiotherapy
records (yes, no), chemotherapy records (yes, no), cancer-
directed surgical procedures (yes, no), and survival months
after diagnosis.

Among them, age of diagnosis was the only continuous
variable that could be included in the multivariate analysis as a
potential risk factor for suicide. To make the results more
intuitive, we obtained the optimal cut-off value through X-tile
software and divided the patients into < 53 years old, 54-67 years

10.3389/fonc.2022.972908

old, and > 68 years old groups (20). Marital status was classified
as married, unmarried, divorced, separated, or widowed (DSW).
The histological types were classified as pancreatic ductal
adenocarcinoma (PDAC), pancreatic neuroendocrine tumor
(pNET), pancreatic cystic neoplasm (PCN), and unknown/
other types (21). If the patient’s survival months were 0, it was
approximated to 0.5 for analysis convenience (22). In addition,
patients were classified as < 2 months, 2-12 months, and > 13
months based on the number of follow-up months since
diagnosis. The cut-off value of two months was chosen as the
best estimate of the reasonable window between diagnosis and
initiation of treatment (22, 23).

Statistical analysis

Suicide rates were calculated from the number of suicides
reported per 100,000 person-years follow-up time. Chi-square
tests were performed to determine whether differences in rates
between groups, or linear trends between differences, were
statistically significant. Moreover, the Bonferroni-corrected P-
value was applied for multiple comparisons when necessary.

Standardized mortality ratios (SMRs) were the ratio of
observed suicides to expected suicides, as defined. And the
number of expected suicides was the product of the suicide
rate in the general population and the person-years of follow-up
in the study subgroup. The suicide rates of the general U.S.

n = 206,285

Patients diagnosed with primary and
malignant pancreatic tumors in 2000-
2018 from the SEER database

Patients diagnosed
only at autopsy:
n =367

Patients with
unknown follow up:

n=16,148

Patients with
unknown age or
race:

n =166

Final study cohort

n = 199,604

FIGURE 1

Screening process of 199,604 patients diagnosed with primary and malignant pancreatic tumors in 2000-2018 in the SEER database. SEER:

Surveillance, Epidemiology, and End Results program.
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population were adjusted by year, age, gender, and race, based on
statistics from the National Center for Health Statistics (1, 18).
Moreover, the 95% confidence intervals (CI) of SMRs were
figured out by mid-P tests, which were achieved by treating
the number of observed deaths as variables satisfying Poisson
distributions (24).

Multivariate analyses were applied to determine the risk
factors independently affecting the suicide outcome of
pancreatic cancer patients. Multivariate logistic regression was
performed based on patients’ observed number of suicide deaths
(1). We also established a multivariate Cox regression model to
make the results more accurate, considering that the survival and
non-suicide deaths were censored (1). The following variables
were included in both analyses: age of diagnosis, year of diagnosis,
sex, race, marital status, primary tumor site, histological type,
histological grade, stage, radiotherapy records, chemotherapy
records, and cancer-directed surgery records. The results of the
multivariate analysis were represented by odds ratios (OR) and
hazard ratios (HR), with their 95% CI. All statistical tests were
two-sided, and P < 0.05 indicated statistical significance. Rstudio
software (version 3.6.3) and SPSS (version 26.0) were adopted for
all statistical analyses in our study.

Results
Patients baseline characteristics

In general, there were 199,604 patients diagnosed with
pancreatic cancer from 2000 to 2018 in our study cohort, and
the entire follow-up time was 204,437.58 person-years. By
November 2020, 176,627 (88.49%) had been confirmed dead,
and 180 patients died of suicide, yielding a total suicide rate of
0.09%. In the whole pancreatic cancer patients cohort, the mean
age of diagnosis was 69.7; 50.5% of them were male, and the
white race was the predominant race (80.2%). 53.1% of patients
were married, 29.8% were once married (divorced, separated, or
widowed, DSW), and 12.7% never married. As for
clinicopathologic features, 51.2% of patients had a distant
stage when diagnosed, and 47.6% of tumors were found in the
pancreatic head. More than half of the histologic types of tumors
are PDAC (67.1%). Overall, 13.4% of patients received
radiotherapy, 43.3% received chemotherapy, and 18.0%
underwent cancer-directed surgery.

Of the 180 patients who committed suicide, The vast
majority were male (91.6%) and white (90.5%). 96 (53.3%)
patients were married, and 44 (24.4%) were previously
married. In addition, 89 (49.4%) patients had a distant stage,
89 tumors were found in the pancreas head, and 68.9% were
PDAC. 17 (9.4%) patients received radiotherapy, 68 (37.7%)
received chemotherapy, and 37 (20.5%) patients had surgical
procedures. Furthermore, 77.2% (139) of suicides occurred
within one year of diagnosis of pancreatic cancer, with 45.5%
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(82) occurring within two months. More details are presented
in Table 1.

The difference in suicide rates and SMRs

In our study cohort from SEER, The overall suicide rate
among pancreatic cancer patients from 2000 to 2018 was 88.05
per 100,000 person-years, compared with a national average for
the 65-74 age group of 13.70 during the same period. Rates of
suicide each year are shown in Figure 2, with the highest in 2013
(0.14%) and the lowest in 2009 (0.04%). However, chi-square
tests observed no significant linear trend for suicide rates in
pancreatic cancer patients over the following period (P = 0.828).
In addition, the overall suicide rate for pancreatic cancer patients
in each state registered in the SEER database from 2000 to 2018
is presented in Figure 3, where patients in New Mexico were
observed with the highest suicide rate (274.17 per 100,000
person-years).

In subgroup comparisons of suicide rates among pancreatic
cancer patients, higher suicide rates were observed in males (P <
0.001), whites (P = 0.001), patients diagnosed with PDAC (P <
0.001), and patients without clinical treatment (without
radiotherapy, chemotherapy, or surgery, P < 0.001). The
suicide rate increased with the growing age and tumor stage
while decreasing with the extension of follow-up time, all
showing statistically significant linear trends (P < 0.001).
However, there were no significant differences in suicide rates
among patients by year of diagnosis, marital status, histological
grade, and primary tumor site. Pancreatic cancer patients in the
study cohort had an SMR of 6.43 (95% CI: 5.49-7.37) for suicide,
compared with the U.S. general population aged 65-74 during
the same period, with 7.06 (95% CI: 5.98-8.13) for males, 5.47
(95% CI: 4.63-6.31) for whites, and 8.46 (95% CI: 5.68-11.89) for
unmarried patients. More details are shown in Table 1.

Risk factors associated with suicide

Through multivariate logistic regressions, we found that the
risk of suicide was 11.98 times higher in males than females (95%
CI: 7.000-20.513) in our study population. Black patients had a
lower risk of suicide than whites (OR: 0.241, 95% CI: 0.106-
0.548). Unmarried (OR: 1.703, 95% CI: 1.123-2.584) or DSW
(OR: 1.570, 95% CI: 1.085-2.270) patients were more likely to
commit suicide than married patients.

In multivariate Cox regressions, males (HR: 12.798, 95% CI:
7.471-21.923), unmarried (HR: 1.826, 95% CI: 1.205-2.767), and
DSW (HR: 1.779, 95% CI: 1.230-2.572) were also found
associated with a higher risk of suicide. While race black (HR:
0.250, 95% CI: 0.110-0.567), diagnosed with pNET (HR: 0.487,
95% CI: 0.276-0.859), received chemotherapy (HR: 0.456, 95%
CI: 0.323-0.646), and received surgical procedures (HR: 0.553,

frontiersin.org


https://doi.org/10.3389/fonc.2022.972908
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ma et al.

10.3389/fonc.2022.972908

TABLE 1 Baseline characteristics, suicide rates, and standardized mortality ratios (SMR) among pancreatic cancer patients (2000-2018).

Characteristics

Total

Year of diagnosis
2000-2005
2006-2012
2013-2018

Age groups
<53

54-67

68+

Sex

Female

Male

Race

White

Black

Other

Marital status
Married
Unmarried
DSW
Unknown
Stage
Localized
Regional
Distant
Unknown/unstaged
Grade

Grade /11
Grade III/IV
Unknown
Primary site
Head

body or tails
Others
Histological type
PDAC

pNET

PCN
Unknown/Other types
Radiotherapy
No/Unknown
Yes
Chemotherapy
No/Unknown
Yes

Surgery
No/Unknown

Yes

Frontiers in Oncology

Total (%)

199,604 (100.0)

51,047 (25.5)
73,102 (36.6)
75,455 (37.8)

20,966 (10.5)
61,894 (31.0)
116,744 (58.4)

98,690 (49.4)
100,914 (50.5)

160,190 (80.2)
23,959 (12.0)
15,455 (7.7)

106,150 (53.1)

25,531 (12.7)

59,516 (29.8)
8,407 (4.2)

21,505 (10.7)
57,185 (28.6)

102,280 (51.2)
18,634 (9.3)

36,633 (18.3)
26,472 (13.2)
136,499 (68.3)

95,063 (47.6)
49,421 (24.7)
55,120 (27.6)

134,100 (67.1)
11,538 (5.7)
7,752 (3.8)

46,214 (23.1)

172,819 (86.5)
26,785 (13.4)

112,980 (56.6)
86,624 (43.3)

163,655 (81.9)
35,949 (18.0)

180 (100.0)

49 (27.2)
56 (31.1)
75 (41.6)

19 (10.6)
59 (32.8)
102 (56.7)

15 (8.3)
165 (91.6)

163 (90.5)
6 (3.3)
11 (6.1)

27 (15.0)
50 (27.7)
89 (49.4)
14 (7.7)

44 (24.4)
15 (8.3)
121 (67.2)

89 (49.4)
44 (24.4)
47 (26.1)

124 (68.9)
18 (10.0)
9 (5.0)
29 (16.1)

163 (90.5)
17 (9.4)

112 (62.2)
68 (37.7)

143 (79.4)
37 (20.5)

204,437.58

55,323.79
86,121.00
62,992.79

41,090.71
76,619.67
86,727.21

101,974.21
102,463.38

164,759.79
22,743.33
16,934.46

124,000.17
26,736.50
44,565.38
9,135.54

45,751.88
85,319.67
58,263.21
15,102.83

74,928.00
26,573.46
102,936.13

104,953.88
54,700.96
44,782.75

116,946.29
41,358.83
12,991.96
33,140.50

160,203.13
44,234.46

96,603.58
107,834.00

105,914.25
98,523.33

05

Suicides (%) Person-years Suicides per 100,000 Person-years

88.05

88.57
65.02
119.06

46.24
77.00
117.61

14.71
161.03

98.93
26.38
64.96

77.42
115.95
98.73
98.52

59.01
58.60
152.76
92.70

58.72
56.45
117.55

84.80
80.44
104.95

106.03
43.52
69.27
87.51

101.75
38.43

115.94
63.06

135.01
37.55

P

0.059%

< 0.001$

< 0.001

0.001#

0.200

< 0.001$

0.895#

0.380

< 0.001#

< 0.001

< 0.001

< 0.001

SMR

6.43

7.03
4.75
7.73

2.36
4.40
7.49

2.37
7.06

5.47
3.61
9.69

5.65
8.46
7.21
7.19

4.31
4.28
11.15
6.77

4.29
4.12
8.58

6.19
5.87
7.66

7.75
3.16
5.00
6.44

7.43
2.81

8.46
4.60

9.86
2.74

95% CI

5.49 - 7.37

5.16 - 9.26
3.50 - 5.99
5.98 - 9.48

143 - 3.68
3.28 - 5.52
6.04 - 8.94

1.33 -394
5.98 - 8.13

4.63 - 6.31
129 -7.71
491 - 1791

452 -6.78
5.68 - 11.89
5.25 - 9.67
3.08 - 13.15

2.83-6.22
3.16 - 5.63
8.81 - 13.44
3.67 - 11.19

3.11-573
2.33-6.89
7.05 - 10.11

4.90 - 7.46
427 -787
5.66 - 10.25

6.38 - 9.10
1.89 - 5.01
2.25-9.61
427 - 9.16

6.27 - 8.55
1.62 - 4.46

6.91 - 10.06
3.50 - 5.69

8.25-11.48
1.93 - 3.78

(Continued)
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TABLE 1 Continued

Characteristics Total (%)

Months elapsed from diagnosis

<2 76,951 (38.5) 82 (45.5) 6,607.42
3-12 73,512 (36.8) 57 (31.6) 39,355.17
13+ 49,141 (24.6) 41 (22.7) 158,475.00

Suicides (%) Person-years Suicides per 100,000 Person-years P

10.3389/fonc.2022.972908

SMR  95% CI
< 0.001$
1241.03 9059 7139 - 110.83
144.83 1057 7.82-13.30
25.87 189 1.35-256

SMR, Standardized mortality ratio. CI, 95% confidence interval. PDAC, pancreatic ductal adenocarcinoma; pNET, pancreatic neuroendocrine tumor; PCN, pancreatic cystic neoplasm.

$ The chi-square test for linear trend was used for ordinal multi-categorical variables. # The Bonferroni-corrected P-value was used for multiple comparisons.

95% CI: 0.342-0.895) were indicated might protective factors.
Nevertheless, the year or age of diagnosis, tumor stage, grade,
primary site, or received radiotherapy or not had no statistically
significant association with suicide risk. All the detailed
multivariate results are shown in Table 2.

Discussion

Several large population-based studies have previously
reported that cancer patients had a significantly higher risk of
suicide than the general population (1, 11, 25-27), with one
recent study suggesting 4.4 times (1). The decision mechanism
of suicide is complex and influenced by multiple physiological,
psychological, and social factors (11), and its occurrence is
often abrupt and impulsive. So predicting suicidal ideations
might be difficult (28). However, appropriate needs-based
psychological interventions could still effectively reduce the
incidence of adverse outcomes (1, 11). Previous surveys have
also shown a high rate of depression and suicide in pancreatic
cancer patients (16, 29). Therefore, our findings are expected to
provide some hints or inspiration about suicide prevention in
patients with pancreatic cancer for psychological and
clinical workers.

The reason for the high suicide rate among pancreatic cancer
patients is a complex issue. The prognosis of pancreatic cancer
patients is abysmal, and the effective treatment is still relatively
single (30). The insidious onset and early metastasis of
pancreatic adenocarcinoma also reduce the surgical resection
rate. The high incidence of depression caused by these
characteristics may be the root cause of the high suicide rate
of pancreatic cancer (29). Feelings of doom at diagnosis,
complications from advanced cancer, chronic pain, and the
financial strain of treatment might also play a role (31). In
general, our study obtained an SMR of 6.43 (95% CI: 5.49-7.37)
in pancreatic cancer patients compared with the general U.S.
population aged 65-74. Previous studies have already
concentrated on suicide death among patients with other
gastrointestinal cancers, and the SMRs were 2.26 (95% CIL:
1.78-2.84) for liver cancer (23), 4.07 (95% CI: 3.18-5.13) for
gastric cancer (32), and 5.45 (95% CI: 4.66-6.35) for esophageal
cancer (22). Unsurprisingly, pancreatic cancer patients have
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been reported to be the most depressed among gastrointestinal
tumors (13, 14), which corroborates our findings. In addition, a
formal study focusing on pancreatic cancer patients between
1995 and 2005 concluded that the rate of pancreatic cancer
suicide was 135.4 cases per 100,000 person-years, with an SMR
of 10.8 (12). Although we did not find a downward trend in
suicide rates among pancreatic cancer patients between 2000
and 2018, the problem of patient suicide would eventually
improve as research progresses, as compared.

In terms of differences in suicide rates among pancreatic
cancer patients across SEER registered states, we found that
compared with the overall pancreatic cancer cohort, New
Mexico has a higher proportion of white patients (91.3% vs.
80.2%, P < 0.001) but a significantly lower proportion of patients
undergoing chemotherapy (35.6% vs. 43.3%, P < 0.001) and
surgery (13.9% vs. 18.0%, P < 0.001). This finding might partly
explain why New Mexico has a significantly higher suicide rate
among pancreatic cancer patients than other states and may also
confirm our findings and inference that cancer treatment is
associated with a lower risk of suicide among pancreatic
cancer patients.

Several studies have demonstrated an association between
age and suicide rates in cancer patients (1, 11). Overall, younger
cancer patients were observed with a higher SMR, while the
older patients had a higher risk of suicide (1). In our study,
although we found the suicide rate significantly increased with
patients’ age, it was not associated with suicide risk in the
multivariate analysis, whether age was included as a
continuous variable or a categorical variable. The results might
be related to the older diagnostic age of pancreatic cancer
patients, with an overall average age of 70. Regarding gender
differences, our results are consistent with the previous studies
(1, 22, 23). Among pancreatic cancer patients, males were 12
times more likely to commit suicide than females, with an SMR
of 7.06. Males also have a higher risk of suicide in the general
population (33), and the difference is magnified among cancer
patients. This phenomenon is often explained by the fact that
although females have a higher incidence of psychological
disorders (34), males tend to have more direct means of
ending their lives and a greater ability to act out their
momentary impulses (35). For example, in the United States,
the proportion of firearm-related suicides among males far
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Annual suicide rates (%) from 2000 to 2018 among 199,604 patients diagnosed with pancreatic cancer in the SEER database. SEER: Surveillance,

Epidemiology, and End Results program

exceeded that of females (2). In addition, although males might
face more intractable sources of stress (22), they are less likely to
have psychological problems diagnosed (34). The unmanaged
stress could finally turn into a vicious ending. Our results were
also supported by several studies examining the effect of race or
marital status on suicide risk in cancer patients (22, 23, 32).
Black pancreatic cancer patients have only a quarter of the risk of
suicide compared with whites, which some studies suggest might
be related to religion or cultural factors (36). Some researchers
also thought it could be explained that depression symptoms are
less strongly associated with hopelessness in blacks than in
whites (37). Unmarried or DSW status patients had more
potent suicide ideation than married patients. A large study

has highlighted the importance of social support in preventing
suicide among cancer patients (17). With the help of a trusted
partner, cancer patients could better understand their disease
and prognosis, and their financial burden could also be reduced.

In terms of the impact of the clinicopathological features of
pancreatic cancer on patient suicide, we found that patients with
pancreatic adenocarcinoma might suffer a higher risk of suicide,
approximately twice that of patients with pNET. Pancreatic
adenocarcinoma has been reported to have the highest degree
of malignancy, the worst prognosis, and a low excision rate in
pancreatic cancer (21). Studies have implied that it is difficult for
patients to actively cope with the notorious diagnosis of
pancreatic cancer, which increases the risk of passive coping
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TABLE 2 Odds ratios and hazard ratios of suicide among pancreatic cancer patients (2000-2018) by multivariate analyses.

Characteristics

Year of diagnosis
2000-2005
2006-2012
2013-2018
Age groups
<53

54-67

68+

Sex

Female

Male

Race

White

Black

Other

Marital status
Married
Unmarried
DSW
Unknown
Stage
Localized
Regional
Distant
Unknown/unstaged
Grade

Grade 1/11
Grade III/IV
Unknown
Primary site
Head

body or tails
Others
Histological type
PDAC

pNET

PCN
Unknown/Other types
Radiotherapy
No/Unknown
Yes
Chemotherapy
No/Unknown
Yes

Surgery
No/Unknown
Yes

OR

0.753
0.901

1.125
1.162

11.988

0.241
0.751

1.703
1.570
1.462

0.781
0.747
0.752

0.515
0.860

0.866
0.920

1.249
1.258
0.627

0.689

0.804

1
1.045

Logistic regression model

95% CI

0.512 - 1.109
0.619 - 1.310

0.666 - 1.901
0.694 - 1.946

7.000 - 20.531

0.106 - 0.548
0.407 - 1.384

1.123 - 2.584
1.085 - 2.270
0.735 - 2.909

0.474 - 1.284
0.462 - 1.209
0.372 - 1.522

0.281 - 0.942
0.558 - 1.325

0.592 - 1.267
0.634 - 1.337

0.705 - 2.213
0.635 - 2.493
0.402 - 0.977

0.401 - 1.186

0.572 - 1.130

0.644 - 1.695

P-value

0.152
0.585

0.661
0.568

< 0.001

0.001
0.358

0.012
0.017
0.279

0.329
0.236
0.429

0.031
0.493

0.460
0.663

0.446
0.510
0.039

0.179

0.210

0.858

HR

0.763
1.127

1.300
1.578

12.798

0.250
0.737

1.826
1.779
1.404

0.953
1.367
0.814

0.637
0.903

0.916
0.995

0.487
0.941
0.628

0.638

0.456

1
0.553

Cox proportional hazards model

95% CI

0.516 - 1.128
0.770 - 1.650

0.769 - 2.197
0.944 - 2.639

7.471 - 21.923

0.110 - 0.567
0.400 - 1.358

1.205 - 2.767
1.230 - 2.572
0.705 - 2.792

0.582 - 1.560
0.844 - 2.213
0.406 - 1.632

0.348 - 1.163
0.593 - 1.373

0.628 - 1.335
0.687 - 1.441

0.276 - 0.859
0.472 - 1.876
0.403 - 0.979

0.373 - 1.092

0.323 - 0.646

0.342 - 0.895

P-value

0.175
0.539

0.328
0.082

< 0.001

0.001
0.327

0.005
0.002
0.334

0.849
0.203
0.562

0.142
0.632

0.648
0.979

0.013
0.863
0.040

0.101

< 0.001

0.016

OR, Odds ratio; HR, Hazard ratio; CI, 95% confidence interval. PDAC, pancreatic ductal adenocarcinoma; pNET, pancreatic neuroendocrine tumor; PCN, pancreatic cystic neoplasm.
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mechanisms, leading to a poor prognosis (38). In addition, our
study found no association between pancreatic cancer stage,
histological grade, or primary tumor site and suicidal tendencies.
The onset of pancreatic cancer is insidious, and the early
symptoms are often not obvious (30). The distant metastasis
often occurs when detected. The latest statistics showed that 30-
35% of pancreatic cancer patients present locally advanced, and
50-55% have metastasis when diagnosed (39). As corroborated,
the average follow-up time of all patients in our study is only
about one year. These factors might weaken the influence of
their biological behaviors on patients’ suicide tendencies to
some extent.

In the study of the influence of treatment on suicide risk, our
research is the first to suggest a significant reduction in the risk
of suicide in pancreatic patients who received chemotherapy or
cancer-directed surgery. Compared with patients who did not
receive the corresponding treatment, both chemotherapy and
surgery were significantly associated with lower rates of suicide,
with HRs of 0.456 (chemotherapy, 95% CI: 0.323-0.646, P <
0.001) and 0.553 (surgery, 95% CI: 0.342-0.895, P = 0.016),
respectively. As indicated, the effect of surgery on suicide in
patients with pancreatic cancer has been controversial in the
previous study (12). In recent years, significant progress has been
made in the treatment methods of pancreatic cancer (40, 41).
The 5-year survival rate of patients with surgical resection and
adjuvant therapy is as high as 30% (41). More than half of
patients with borderline resectable tumors or even locally
advanced unresectable pancreatic cancer have obtained
surgical indications after neoadjuvant therapy (41). Current
guidelines routinely recommend neoadjuvant therapy for all
patients with borderline resectable pancreatic cancer in well
physical condition, including nanoparticle albumin-bound
paclitaxel plus gemcitabine and Combined with sequential
chemoradiotherapy or modified FOLFIRINOX solution (30,
40). Predictably, as treatment approaches improve and
indications for surgical resection expand, patients with
pancreatic cancer would be better able to benefit from
treatment, thus reducing their psychological burden and
suicide rate. Screening and prevention of subsequent suicide
should be enhanced for pancreatic cancer patients with adverse
risk factors, such as unmarried, white, or male patients.
Moreover, considering most pancreatic cancer patients
committed suicide within one year of diagnosis in our cohort,
it is reasonable to assume that for patients diagnosed with
pancreatic cancer, timely cancer-directed treatment might help
reduce the risk of subsequent suicide.

For suicide prevention strategies in pancreatic cancer
patients, the first step should be establishing a strict
identification process for patients with high-risk factors. Some
studies recommended using questionnaires to diagnose and
screen key psychological symptoms and early detect potential
psychological problems in high-risk groups to give timely
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treatment intervention (42). Timely treatment for depression
is also thought to have a significant effect on reducing suicide
among cancer patients. Studies indicated that appropriate cancer
treatment also reduces suicide rates (31). In addition, palliative
care for patients with advanced pancreatic cancer is also feasible
to improve the symptoms of patients and increase their comfort
in life. In the social aspect, the support of family or friends and
increased medical insurance coverage are also needed to a
certain extent (12).

The following limitations remained in our study. Overall,
suicide still accounted for a small percentage of deaths among
pancreatic cancer patients (0.10%), and more detailed studies
focusing on subgroups have not been available in the SEER
database. Secondly, bias and confoundings are inevitable as a
common shortcoming of retrospective studies. On the other
hand, preventing the attempt to commit suicide might be more
important in some ways. However, given the difficulty of
conducting prospective studies, real-world studies of big data
are still indispensable in suicide research, as highlighted (43). In
addition, despite significant advances in treatment, pancreatic
cancer patients still suffer a poor prognosis for various reasons,
and the short mean follow-up time may interfere with studies of
suicidal behavior. However, as confirmed in previous studies,
there was a significant decline in suicide attempts over time after
diagnosis, with most suicides in our study occurring within one
year of diagnosis of pancreatic cancer. The study of suicide in the
first year after diagnosis has been sufficient to illuminate
critical issues.

Conclusion

The 199,604 pancreatic cancer patients diagnosed between
2000 and 2018 had an overall suicide rate of 88.05 per 100,000
person-years and an SMR of 6.43 compared to the U.S. general
population. Male, white, unmarried, and diagnosed with
pancreatic adenocarcinoma patients were associated with a
higher risk of suicide, while cancer-directed surgery and
chemotherapy might be indicated protective factors. The
screening and prevention process should be enhanced for
pancreatic cancer patients with adverse risk factors. Moreover,
it is reasonable to assume that timely cancer-directed treatment
might help reduce the subsequent suicide risk of pancreatic

cancer patients.
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