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Abstract
Purpose: Data were extracted from the Surveillance, Epidemiology, and End Results (SEER) 18-registry Custom
database (1975-2016) to determine the latest risk and risk factors of suicide/accidental death in pancreatic cancer
patients.

Methods: SEER*Stat was used to get the Standardized Mortality Ratio (SMR) for suicide/accidental death in
pancreatic cancer patients. The Adjusted Risk Ratio (ARR) and risk factors for suicide/accidental death in pancreatic
cancer patients were achieved by the multivariate Poisson regression model and multivariate Cox regression model.

Results: Pancreatic cancer patients diagnosed within three months have the highest SMR of suicide (8.52, 95%
Con�dence Interval [CI]: 5.71-12.24) and accidental death (2.75, 95% CI: 1.98-3.72); Among the pancreatic cancer
patients hadn’t performed surgery, patients classi�ed as ‘Recommended but not performed’ have a higher ARR of
suicide(3.35, 95% CI: 2.22-4.87) and accidental death(2.12, 95% CI: 1.53-2.87) than patients classi�ed as ‘Not
recommended’, the same trend also showed in the multivariate Cox regression model: The Hazard Ratio (HR) of
‘Recommended but not performed’ patients for suicide(Vs ‘Performed’, 2.68, 95% CI: 1.36-5.30) and accidental
death(Vs ‘Performed’, 2.68, 95% CI: 1.36-5.30) higher than ‘Not recommended’ patients.

Conclusion: Pancreatic cancer patients have a signi�cantly higher risk of suicide and accidental death than the
general population and other cancer patients, especially within three months of diagnosis. In addition, we found in the
pancreatic cancer patients who hadn’t performed surgery, those ‘Recommended but not performed’ have a higher risk
of suicide and accidental death than those ‘Not recommended’. Therefore, we suggest Department doctors collaborate
with oncology psychologists and maintain regular touch with patients who are ‘Recommended but not performed’ and
diagnosed within three months.

1 Introduction
Suicide and accidental death have long been a global issue. Every year, over 800,000 people worldwide commit
suicide, accounting for 1.5 percent of all deaths(Naghavi 2019). Accidental death is responsible for about 4 to
5 million deaths each year and is the primary cause of disability and death in countries all over the world(Krug,
Sharma, and Lozano 2000). Depression, according to H. Bergen et al.(Bergen et al. 2012), maybe a shared risk factor
for suicide and accidental death. At the same time, depression is a common psychological burden symptom in cancer
patients(Massie 2004), and it has been observed that cancer patients have a signi�cantly higher risk of suicide and
accidental death than the general population(Zaorsky et al. 2019). With the advancement of cancer diagnosis and
treatment, the proportion of people dying from cancer is actually decreasing, whereas the proportion of people dying
from non-cancer causes such as suicide and accidental death is increasing day by day, which cannot be
ignored(Zaorsky et al. 2017).

Among many cancers, pancreatic cancer is the seventh leading cause of cancer death worldwide, according to
GLOBOCAN estimates for 2018(Bray et al. 2018), and it is expected to become the second leading cause of cancer
death worldwide by 2030(Rahib et al. 2014). The course of pancreatic cancer progresses rapidly, and patients’
symptoms are vague and not speci�c, making early diagnosis di�cult. When the symptoms of jaundice become
obvious, it indicates that the bile duct has become obstructed, the disease has progressed for at least 3 to 6 months,
and the patients have reached the advanced stage of cancer, with the majority of patients being diagnosed in this
stage. As a result, the overall prognosis for patients with pancreatic cancer is extremely poor, with a 5-year survival
rate of 15–20% and a 10-year survival rate of only 3.9%(Paniccia et al. 2015). According to A. Bill-Axelson, when
cancer patients believe there is no cure, this perception can lead to feelings of hopelessness and depression(Bill-
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Axelson et al. 2010). The phenomenon was indeed more pronounced in patients with pancreatic cancer: A previous
clinical study found that 76 percent of pancreatic cancer patients had depressive symptoms before surgery, compared
to 20 percent of colon cancer patients(Fras, Litin, and Pearson 1967); Holland et al. found that patients with advanced
pancreatic cancer had signi�cantly more depression and mood disorders than patients with other abdominal
tumors(Holland et al. 1986); Some studies have even reported prevalence of depression in pancreatic cancer patients
is seven times higher than in the general population(Barnes et al. 2018). Given that depression may be a common risk
factor for both suicide and accidental death, the risk of suicide and accidental death in pancreatic cancer patients
should be taken seriously. To date, only K. K. Turaga et al.(Turaga et al. 2011) reported the risk of suicide among
pancreatic cancer patients in 2011 by extracting nearly 10 years of data from 1995 to 2005 using the Surveillance,
Epidemiology, and End Results (SEER) database. Given the progress over time, there is a lack of new research on the
risk of suicide and accidental death in pancreatic cancer patients. To �ll the gap, this study used nearly 40 years of
data from 1975 to 2016 to quantify the current risk of suicide and accidental death in patients with pancreatic cancer,
as well as identify risk factors for suicide and accidental death.

Based on the foregoing considerations and the previous knowledge reported in other studies, the following questions
will be investigated in this study: 1. Risk of suicide/accidental death in pancreatic cancer patients compared to
general populations. 2. Risk of suicide/death risk in pancreatic cancer patients compared to other cancers. 3. Risk
factors of suicide/accidental death in pancreatic cancer patients.

2 Materials And Method

2.1 Data Sources
Patients diagnosed with cancer between January 1, 1975, and December 31, 2016, were included in this retrospective
cohort study, which was based on the National Cancer Institute's SEER all 18 registries database. The SEER database
includes nearly 97% of all tumors diagnosed in the United States and covers 28% of the population, which contains
detailed records of demographic characteristics, cancer classi�cation, duration of follow-up, and causes of death that
can be used to analyze the risk of suicide and accidental death in pancreatic cancer patients and other cancers.
Mortality data of the general US population spanning 1975 to 2016 are collected from The National Center For Health
Statistics, which can be accessed through the SEER program.

2.2 Study Population and Exclusion criteria
Figure 1 depicted the process of obtaining the �nal cohort which includes pancreatic cancer patients and other cancer
patients through a series of inclusion and exclusion criteria. Among all cancer patients, pancreatic cancer patients
were de�ned by the SEER site recode ICD-O-3 and the rest patients were described as other cancer patients. Patients
diagnosed with autopsy or death certi�cates only (< 10% of patients) and whose SEER histologic stage grouping was
unknown were excluded. Simultaneously, we excluded patients with multiple primary cancers (because the cause of
suicide in these patients may not be simply because of pancreatic cancer) and those with uncertain surgical status or
initial treatment sequence.

2.3 Study variables
Available variables in the SEER database included sex, age at diagnosis, race, marital status, SEER histologic stage,
year of diagnosis, sequence of primary treatment, cancer-directed surgery, radiation, and cause of death ['Suicide and
self-in�icted injury' (50220) or 'Accidents and adverse effects' (50210)].
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In cancer-directed surgery, pancreatic cancer patients were classi�ed as 'Performed', 'Not recommended', and
'Recommended but not performed'. The purpose was to separate patients who did not comply with the doctor’s
surgery recommendation for subjective reasons from those who were not recommended for surgery for medical
reasons.

The survival time was counted from cancer diagnosis in whole months, and the smallest non-zero value in the survival
period is 1. The patients whose survival time was less than one month in the SEER database were recorded as 0, and
for these patients, we assign a half-month survival time to them (from 0 to 0.5)according to Standard Epidemiological
Practices(Koepsell TD 2003).

2.4 Statistical Analysis
The Chi-square test was used to test differences in baseline characteristics between pancreatic cancer patients and
other cancer patients. Statistical indicators about suicide/accidental deaths were obtained through the same
statistical analysis process, which is described below (suicide rate or accidental death rate was calculated per 100,000
person-years):

For starters, we focused on the risk of suicides/accidental deaths in the cohort of pancreatic cancer patients: We
calculated the Standardized Mortality Ratios (SMR) to indicate the relative risk of suicide/accidental death for
pancreatic cancer patients compared to all U.S. residents. After that, the pancreatic cancer patients and other cancer
patients were compared in terms of risk of suicide/accidental death (number of events / total person-years) to arrive
at a raw Risk Ratio (RR), a multivariate Poisson regression model was used to determine the Adjusted Risk Ratio (ARR)
and 95% Con�dence Interval (CI) since the dependent variable we were interested in was a small probability event as
well as a count variable. The ‘qcc’ R package was used to examine whether the multivariate Poisson regression model
excessively deviated. Lastly, the multivariate Cox proportional hazards model was used to determine the risk factors of
suicidal/accidental death in pancreatic cancer patients after adjusting pancreatic cancer patients’ baseline
characteristics. Meantime, Kaplan–Meier cumulative risk curve of suicide/accidental death in a certain period
(monthly count) was plotted according to the ‘cancer-directed surgery’ variable. The multicollinearity between the
variables in the Cox model was measured by the Variance In�ation Factor (VIF) using the ‘car’ R package. we also
tested the interaction between covariates and the ‘cancer-directed variable surgery’ because the interaction may affect
the outcome we are interested in (suicide / accidental death).

All statistical tests were two-sided, and the signi�cance level was set at P < 0.05. Statistical analyses were performed
with SEER*Stat version 8.3.9 (Surveillance Research Program, National Cancer Institute, Bethesda, MD) and R version
4.0.5 (R Foundation for Statistical Computing, Vienna, Austria.). This study complied with The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines.

3 Results

3.1 Baseline Characteristics of included Patients
Table 1 shows the baseline characteristics of pancreatic cancer patients and other cancer patients. Overall, the mean
(SD; median, IQR) follow-up time of entire cohorts was 70 (79; 41, 10–107) months. Pancreatic cancer patients and
other cancer patients were statistically signi�cantly different in all baseline characteristics (all P < 0.05). During the
follow-up period (1975–2016), pancreatic cancer patients had 140 (0.08%) suicide deaths and 230 (0.13%) accidental
death, while in other cancers patients the corresponding suicide/accidental deaths were 9002 (0.15%) and 30121
(0.52%).
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Table 1
Baseline characteristics of patients with pancreatic cancer and other cancers

Characteristic Patients with Pancreatic cancer (%)   Patients with other cancers (%) P

N = 166927   N = 5829551

Age     < 0.001***

≤ 39 2473 (1.5)   480207 (8.2)  

40–64 57280 (34.3)   2482401 (42.6)  

≥ 65 107174 (64.2)   2866943 (49.2)  

Sex     < 0.05*

Female 84037 (50.3)   2958696 (50.8)  

Male 82890 (49.7)   2870855 (49.2)  

Race     < 0.001***

White 134225 (80.4)   4765220 (81.7)  

Black 19983 (12.0)   595898 (10.2)  

Other/Unknown 12719 (7.6)   468433 (8.1)  

Marital status     < 0.001***

Married 89247 (53.5)   3171604 (54.4)  

Unmarried† 71696 (43.0)   2263352 (38.8)  

Unknown 5984 (3.5)   394595 (6.8)  

Stage     < 0.001***

Distant 89195 (53.4)   1242176 (21.4)  

Regional 43267 (25.9)   1145058 (19.6)  

Localized 14674 (8.8)   2619055 (44.9)  

Unstaged/Unknown 19791 (11.9)   823262 (14.1)  

Year of diagnosis     < 0.001***

1975–1980 8711 (5.2)   222205 (3.8)  

1981–1990 16971 (10.2)   473680 (8.1)  

1991–2000 29804 (17.9)   1099575 (18.9)  

2001–2010 69299 (41.5)   2584810 (44.3)  

†: Includes single, widowed, separated, or divorced

‡: Includes ‘recommended but not performed, patient refused’ or ‘recommended but not performed, Unknown
reason’

*P < 0.05, **P < 0.01, ***P < 0.001
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Characteristic Patients with Pancreatic cancer (%)   Patients with other cancers (%) P

N = 166927   N = 5829551

2011–2016 42142 (25.2)   1449281 (24.9)  

Sequence of primary treatment     < 0.001***

Surgery �rst 8013 (4.8)   844365 (14.5)  

Radiation �rst 1001 (0.6)   83455 (1.4)  

No-treatment 157913 (94.6)   4901731 (84.1)  

Surgery     < 0.001***

Performed 28584 (17.1)   3505370 (60.1)  

Not recommended 104726 (62.7)   1851812 (31.8)  

Recommended but 33617 (20.1)   472369 (8.1)  

not performed‡

Radiation     < 0.001***

Yes 24428 (14.6)   1658912 (28.5)  

No/Unknown 142499 (85.4)   4170639 (71.5)  

†: Includes single, widowed, separated, or divorced

‡: Includes ‘recommended but not performed, patient refused’ or ‘recommended but not performed, Unknown
reason’

*P < 0.05, **P < 0.01, ***P < 0.001

3.2 Suicide and Accidental Deaths in Pancreatic Cancer patients
and General Population
Table 2 shows the risk of suicide/accidental death in pancreatic cancer patients compared to the general population.
In general, the SMR of suicide and accidental death in pancreatic cancer patients has the same trend: patients who are
older, with non-married status, and had not received cancer-directed surgery ('Not recommended' and 'Recommended
but not performed') retain relatively higher SMR. The pre-dominant patients who committed suicide were male
(86.43%), white (90%), and patients who did not receive primary treatment (92.86%). Patients with distant metastases
(55.71%) had the highest SMR of suicide, 8.94 (95% CI 6.29–12.32, P < 0.05). During the period from diagnosis to
suicide, it is obvious that patients within one year of diagnosis have the higher SMR of suicide: 0–3, 8.52 (95% CI
5.71–12.24, P < 0.05); 4–12, 7.53 (95% CI 4.92–11.04, P < 0.05); >12, 2.37 (95% CI 1.32–3.9, P < 0.05).
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Table 2
Standardized mortality rates for suicide and accidental deaths in patients with pancreatic cancer and other cancers
Cohort Suicide deaths   Accident deaths

No. of
events†

No. of
expected
events‡

SMR
(95%CI)‡

  No. of
events†

No. of
expected
events‡

SMR
(95%CI)‡

Age              

≤ 39 3 0.63 3.19(0.39–
11.53)

  2 1.65 1.21(0.15–
4.38)

40–64 53 5.83 5.49(3.75–
7.74)

  32 15.09 2.12(1.45–
2.99)

≥ 65 84 6.74 5.34(3.74–7.4)   80 41.28 1.94(1.54–
2.41)

Sex              

Female 19 2.37 5.05(2.61–
8.83)

  65 33.17 1.97(1.46–
2.61)

Male 121 10.82 5.36(4.07–
6.93)

  49 24.85 1.96(1.51–
2.5)

Race              

White 126 12.05 5.31(4.09–
6.78)

  93 48.56 1.92(1.55–
2.35)

Black 6 0.53 3.79(0.46–
13.7)

  12 5.84 2.05(1.06–
3.59)

Other/Unknown 8 0.62 6.46(1.76–
16.53)

  9 3.63 2.48(1.13–
4.71)

Marital status            

Married 73 9.11 4.06(2.86–5.6)   53 23.82 1.66(1.24–
2.17)

Unmarried§ 61 3.61 8.03(5.38–
11.54)

  53 32.02 2.22(1.67–
2.91)

Unknown 6 0.47 8.48(2.31–
21.72)

  8 2.18 3.67(1.58–
7.22)

Stage              

Distant 78 4.14 8.94(6.29–
12.32)

  26 15.64 1.66(1.09–
2.44)

Regional 36 5.01 3.39(1.98–
5.43)

  48 20.44 2.35(1.73–
3.11)

Localized 13 2.4 3.33(1.44–
6.57)

  19 11.99 1.58(0.95–
2.47)

Unstaged/Unknown 13 1.65 4.86(2.1–9.57)   21 9.96 2.11(1.31–
3.22)

Year of diagnosis            
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1975–1980 5 1.3 3.84(1.25–
8.97)

  8 5.51 1.45(0.63–
2.86)

1981–1990 13 2.37 5.48(2.92–
9.38)

  20 9.88 2.02(1.24–
3.13)

1991–2000 26 2.93 6.15(3.64–
9.71)

  25 13.41 1.86(1.21–
2.75)

2001–2010 51 4.2 4.76(2.91–
7.35)

  45 19.3 2.33(1.7–
3.12)

2011–2016 45 2.39 5.85(3.2–9.81)   16 9.92 1.61(0.92–
2.62)

Sequence of primary treatment          

Surgery �rst 8 1.49 3.37(1.09–
7.86)

  9 4.97 1.81(0.83–
3.43)

Radiation �rst 2 0.19 5.19(0.13–
28.92)

  1 0.63 1.58(0.04–
8.82)

No-treatment 130 11.52 5.56(4.28–7.1)   104 52.42 1.98(1.62–
2.4)

Cancer-directed surgery            

Performed 28 5.41 2.77(1.55–
4.57)

  34 20.34 1.67(1.16–
2.34)

Not recommended 82 4.54 7.05(4.82–
9.96)

  46 21.64 2.13(1.56–
2.84)

Recommended but
not performed¶

30 3.25 7.08(4.49–
10.62)

  34 16.05 2.12(1.47–
2.96)

Radiotherapy              

Yes 21 3.27 3.97(2.12–6.8)   16 11.36 1.41(0.81–
2.29)

No/Unknown 119 9.93 5.74(4.35–
7.44)

  98 46.66 2.10(1.7–
2.56)

Time since
diagnosis, months

             

0–3 67 3.4 8.52(5.71–
12.24)

  42 15.27 2.75(1.98–
3.72)

4–12 41 3.45 7.53(4.92–
11.04)

  25 14.23 1.76(1.14–
2.59)

> 12 32 6.34 2.37(1.32–3.9)   47 28.52 1.65(1.21–
2.19)

In terms of accidental death, black patients had a higher SMR than white patients: 2.05 (95% CI 1.06–3.59, P < 0.05)
vs. 1.92 (95% CI 1.55–2.35, P < 0.05). Patients with regional spread had a higher SMR than patients with distant
metastases: 2.35 (95% CI 1.73–3.11, P < 0.05) vs. 1.66 (95% CI 1.09–2.44, P < 0.05).

3.3 Suicide and Accidental Deaths in Pancreatic Cancer patients
and Other Cancers



Page 9/23

The Poisson regression model (Table 3) shows the risk of suicide/accidental death in pancreatic cancer patients
compared to other cancer patients. The highest ARR of suicide/accidental death were the two time periods of 1975–
1980 (13.37, 95% CI 4.66–30.24, P < 0.05) and 1981–1990 (2.58, 95% CI 1.59–3.92, P < 0.05), respectively. After being
classi�ed by the 'cancer-directed surgery' variable, in pancreatic cancer patients who are ‘Recommended but not
performed’ and ‘Not recommended’, the ARR of suicide is 3.35 (95% CI 2.22–4.87, P < 0.05) and 2.10 (95% CI 1.66–
2.62, P < 0.05) respectively. For ARR of accidental death in patients who are ‘Recommended but not performed’ and
‘Not recommended’ are 2.12 (95% CI 1.53–2.87, P < 0.05) and 1.91 (95% CI 1.58–2.29, P < 0.05) in turn.
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Table 3
The Poisson regression relative risk model of suicide and accidental death in pancreatic cancer patients diagnosed

between January 1, 1975 and December 31, 2016.
Characteristic Cohort Suicide deaths   Accident deaths

No. of
events†

incidence
per
100000
person-
years

ARR
(95%CI)

  No. of
events†

incidence
per

100000
person-
years

ARR
(95%CI)

Age                    

≤ 39 Pancreatic
cancer

3 33.05 1.60
(0.40–
4.21)

  5 55.09 0.77
(0.28–
1.68)

 

  other cancers 855 17.74 1   1820 37.76 1  

40–64 Pancreatic
cancer

53 74.54 3.00
(2.25–
3.91)

  70 98.44 1.41
(1.11–
1.77)

 

  other cancers 3860 22.16 1   9375 53.82 1  

≥ 65 Pancreatic
cancer

84 113.52 1.77
(1.41–
2.20)

  155 209.47 2.30
(1.95–
2.68)

 

  other cancers 4287 34.01 1   18926 150.13 1  

Sex                    

Female Pancreatic
cancer

19 23.83 1.19
(0.72–
1.84)

  106 132.93 1.61
(1.32–
1.94)

 

  other cancers 1778 9.32 1   12995 68.13 1  

Male Pancreatic
cancer

121 162.56 2.44
(2.02–
2.92)

  124 166.59 2.04
(1.70–
2.42)

 

  other cancers 7224 45.81 1   17126 108.59 1  

Race                    

White Pancreatic
cancer

126 102.68 2.30
(1.91–
2.74)

  190 154.83 2.01
(1.74–
2.31)

 

  other cancers 8271 28.43 1   26191 90.02 1  

Black Pancreatic
cancer

6 33.44 7.24
(2.79–
15.46)

  25 139.34 1.40
(0.91–
2.04)

 

  other cancers 297 9.84 1   2375 78.66 1  

Other/Unknown Pancreatic
cancer

8 59.18 0.83
(0.37–
1.64)

  15 110.96 1.42
(0.81–
2.30)

 

  other cancers 434 15.9 1   1555 56.96 1  
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Marital status                  

Married Pancreatic
cancer

73 78.76 2.35
(1.83–
2.95)

  107 115.44 1.89
(1.55–
2.28)

 

  other cancers 4753 22.71 1   15294 73.06 1  

Unmarried‡ Pancreatic
cancer

61 109.78 1.97
(1.50–
2.53)

  107 192.56 1.79
(1.47–
2.15)

 

  other cancers 3532 30.48 1   12595 108.68 1  

Unknown Pancreatic
cancer

6 101.33 2.75
(1.01–
6.26)

  16 270.21 2.10
(1.22–
3.35)

 

  other cancers 717 30.85 1   2232 96.05 1  

Stage                    

Distant Pancreatic
cancer

78 165.14 2.34
(1.83–
2.95)

  73 154.55 2.35
(1.84–
2.95)

 

  other cancers 1345 48.35 1   3444 123.81 1  

Regional Pancreatic
cancer

36 59.54 1.57
(1.09–
2.17)

  86 142.23 1.62
(1.29–
1.99)

 

  other cancers 1793 27.18 1   5722 86.73 1  

Localized Pancreatic
cancer

13 42.75 3.24
(1.78–
5.35)

  39 128.25 1.62
(1.16–
2.19)

 

  other cancers 4505 20.59 1   17096 78.13 1  

Unstaged/Unknown Pancreatic
cancer

13 80.89 2.84
(1.55–
4.72)

  32 199.1 1.62
(1.11–
2.25)

 

  other cancers 1359 37.91 1   3859 107.64 1  

Year of diagnosis                  

1975–1980 Pancreatic
cancer

5 78.39 13.37
(4.66–
30.24)

  8 125.42 1.46
(0.65–
2.79)

 

  other cancers 576 27.34 1   1875 89 1  

1981–1990 Pancreatic
cancer

13 100.3 4.05
(2.20–
6.78)

  20 154.31 2.58
(1.59–
3.92)

 

  other cancers 1253 29.54 1   3990 94.07 1  

1991–2000 Pancreatic
cancer

26 95.77 4.50
(2.96–
6.50)

  38 139.97 1.60
(1.14–
2.17)

 

  other cancers 2343 26.15 1   7926 88.46 1  
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2001–2010 Pancreatic
cancer

51 72.5 1.98
(1.47–
2.59)

  104 147.84 2.01
(1.65–
2.43)

 

  other cancers 3777 23.65 1   13063 81.79 1  

2011–2016 Pancreatic
cancer

45 120.51 1.69
(1.22–
2.27)

  60 160.68 1.65
(1.26–
2.11)

 

  other cancers 1053 29.54 1   3267 91.64 1  

Sequence of primary treatment                

Surgery �rst Pancreatic
cancer

8 42.03 1.10
(0.66–
1.72)

  17 89.3 1.05
(0.62–
1.63)

 

  other cancers 934 14.98 1   3437 55.14 1  

Radiation �rst Pancreatic
cancer

2 86.76 1.45
(0.50–
3.27)

  5 216.9 2.61
(0.91–
5.85)

 

  other cancers 180 31.82 1   471 83.27 1  

No-treatment Pancreatic
cancer

130 97.87 2.15
(1.79–
2.56)

  208 156.58 1.98
(1.72–
2.26)

 

  other cancers 7888 28.13 1   26213 93.47 1  

Cancer-directed surgery                  

Performed Pancreatic
cancer

28 38.88 1.51
(1.02–
2.15)

  70 97.21 1.47
(1.15–
1.85)

 

  other cancers 5407 20.2 1   19673 73.51 1  

Not recommended Pancreatic
cancer

82 132.33 2.10
(1.66–
2.62)

  118 190.42 1.91
(1.58–
2.29)

 

  other cancers 2569 42.4 1   7700 127.1 1  

Recommended but
not performed§

Pancreatic
cancer

30 148.53 3.35
(2.22–
4.87)

  42 207.95 2.12
(1.53–
2.87)

 

other cancers 1026 50.67 1   2748 135.72    

Radiotherapy                  

Yes Pancreatic
cancer

21 58.36 2.09
(1.31–
3.14)

  33 91.71 1.47
(1.02–
2.04)

 

  other cancers 2378 23.42 1   7310 71.98 1  

No/Unknown Pancreatic
cancer

119 100.68 1.87
(1.66–
2.11)

  197 166.68 1.97
(1.71–
2.26)

 

  other cancers 6624 26.83 1   22811 92.39 1  
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3.4 Risk factors of Suicide and Accidental Death in Pancreatic
Cancer patients
Table 4 shows the risk factors for suicide/accidental death in pancreatic cancer patients identi�ed by multivariate Cox
regression. In pancreatic cancer patients’ variables, gender, marital statuses, and cancer-directed surgery (hazard ratio
[HR] for ‘Recommended but not performed’ vs. ‘Performed’ = 2.68, 95%CI 1.36–5.30 and 2.16, 95% CI 1.32–3.55 for
suicide and accidental death respectively, both P < 0.05) were shared risk factors of suicide and accidental death. Race
(HR for ‘Whites’ vs. ‘Blacks’ = 3.06, 95% CI 1.34–6.98, P < 0.01) was an important risk factor for suicide. Age at
diagnosis (HR for ‘≥ 65’ vs. ‘≤ 39’ = 3.86, 95% CI 1.39–10.69, P < 0.05), sequence of primary treatment (HR for
‘Radiation �rst’ vs. ‘No-treatment’ = 5.76, 95% CI 1.91–17.37, P < 0.05; HR for ‘Surgery �rst’ vs. ‘No-treatment’ = 2.28,
95% CI 1.01–5.17, P < 0.05) and radiotherapy (HR for ‘No/Unknown’ vs. ‘Yes’ = 2.73, 95% CI 1.46–5.10, P < 0.01) were
important risk factors of accidental death.
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Table 4
The multivariate Cox proportional hazard model diagnosed from January 1, 1975 to December 31, 2016 was used for

suicide and accidental death of patients with pancreatic cancer.
Cohort Suicide deaths   Accident deaths

HR (95%CI) P   HR (95%CI) P

Age        

≤ 39 Ref. -   Ref. -

40–64 1.18(0.37–3.8) 0.78   2.07(0.74–
5.76)

0.17

≥ 65 1.64(0.51–5.3) 0.4   3.86(1.39–10.69) < 0.01**

Sex          

Female Ref. -   Ref. -

Male 7.79(4.75–
12.78)

< 0.001***   1.49(1.14–
1.96)

< 0.01**  

Race            

White 3.06(1.34–
6.98)

<0.01**   1.12(0.73–
1.71)

0.6  

Black Ref. -   Ref. -  

Other/Unknown 2.01(0.70–
5.83)

0.2   0.87(0.45–
1.65)

0.66  

Marital status          

Married Ref. -   Ref. -  

Unmarried† 2.03(1.43–
2.88)

< 
0.001***

  1.61(1.21–
2.15)

< 
0.001***

 

Unknown 1.56(0.67–
3.60)

0.3   2.24(1.32–
3.82)

< 0.01**  

Stage            

Distant 1.79(0.96–
3.33)

0.06   0.78(0.51–
1.19)

0.26  

Regional 1.12(0.59–
2.13)

0.73   1.16(0.78–
1.71)

0.47  

Localized Ref. -   Ref. -  

Unstaged/Unknown 0.93(0.42–
2.07)

0.87   0.89(0.54–
1.45)

0.63  

†: Includes single, widowed, separated, or divorced

‡: Includes ‘recommended but not performed, patient refused’ or ‘recommended but not performed, Unknown
reason’

*P < 0.05, **P < 0.01, ***P < 0.001
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Year of diagnosis          

1975–1980 Ref. -   Ref. -  

1981–1990 1.51(0.54–
4.25)

0.44   1.53(0.64–
3.63)

0.34  

1991–2000 1.88(0.68–
5.19)

0.22   1.58(0.67–
3.71)

0.29  

2001–2010 1.44(0.52–
3.96)

0.48   1.88(0.81–
4.35)

0.14  

2011–2016 1.92(0.68–
5.39)

0.22   1.97(0.83–
4.70)

0.12  

Sequence of primary treatment        

Surgery �rst 1.57(0.57–
4.33)

0.39   2.28(1.01–
5.17)

< 0.05*  

Radiation �rst 3.07(0.63–
14.87)

0.16   5.76(1.91–
17.37)

<0.01**  

No-treatment Ref. -   Ref. -  

Cancer-directed surgery          

Performed Ref. -   Ref. -  

Not recommended 1.75(1.01–
3.03)

< 0.05*   1.89(1.29–
2.76)

<0.01**  

Recommended but not
performed‡

2.68(1.36–
5.30)

<0.01**   2.16(1.32–
3.55)

<0.01**  

Radiotherapy          

Yes Ref. -   Ref. -  

No/Unknown 1.65(0.87–
3.13)

0.12   2.73(1.46–
5.10)

< 0.01**  

†: Includes single, widowed, separated, or divorced

‡: Includes ‘recommended but not performed, patient refused’ or ‘recommended but not performed, Unknown
reason’

*P < 0.05, **P < 0.01, ***P < 0.001

Figure 2 and Fig. 3 show the cumulative risk of suicide/accidental death in pancreatic cancer patients grouped by the
variable of ‘cancer-directed surgery’. The patients who are ‘Recommended but not performed’ have the highest
cumulative risk of suicide/accidental death, the following are ‘Not Recommended’ and ‘Performed’ (log-rank test, all P 
< 0.001).

4 Discussion
With advances in medical technology, cancer patients are living longer, but their risk of non-cancer death is increasing
due to the increasing incidence of mental illness(Zaorsky et al. 2017). Among numerous cancers, mental illness is
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more prevalent in pancreatic cancer patients, therefore, it is necessary to explore the risk of non-caner death in them. In
this study, 5,996,478 pancreatic cancer patients and other cancer patients were extracted from the 1975–2016 SEER
18-REGISTRY dataset to elaborate on the risk of suicide/accidental death between pancreatic cancer patients and the
general population/other cancer patients. The research results demonstrate that pancreatic cancer patients had a
signi�cantly higher risk of suicide and accidental death than the general population. To account for the baseline
differences between the general population and cancer patients, we also compared pancreatic cancer patients to other
cancer patients and observed that pancreatic cancer patients had a higher risk of suicide and accidental death. Finally,
after adjusting for patient characteristics, we conclude that the suicide risk factors include male, white, unmarried, and
patients who had not received surgery, while accidental death's risk factors include those 65 and older, male,
unmarried, and those who had priority surgery or radiation therapy, as well as those who had not received surgery.

In 2011, K. K. Turaga et al.(Turaga et al. 2011) utilized the SEER dataset to extract data for almost 10 years (from
1995 to 2005) to report on the risk of suicide in pancreatic cancer patients. The �ndings revealed that males and
unmarried were risk factors for suicide in pancreatic cancer patients, which matched our �ndings. Furthermore, their
�ndings indicated that the risk of suicide in males with pancreatic cancer was around 11 times greater than in the
general population, but our �ndings revealed that the risk of suicide in men with pancreatic cancer was only 5 to 6
times higher. Besides, we also observed that surgery and race had a role in the suicide of pancreatic cancer patients.
These discrepancies are most likely attributable to methodological variances and sample inclusion and exclusion
criteria. In comparison to the study by k. K. Turaga et al., this study included more samples and considered more
confounding factors, resulting in more credible results. Besides that, we also discuss pancreatic cancer patients'
accidental deaths, elaborating on pancreatic cancer patients’ non-cancer death risk in more detail.

As shown in Table 2 and Table 3, pancreatic cancer patients whose age ≥ 40 have a higher risk of suicide/accidental
death than those whose age < 40. Among patients age ≥ 40, particularly those whose age between 40–64, the risk of
suicide is 5 times more than the general population and 3 times more than other cancer patients. Cox regression
analysis showed that age was not an in�uencing factor for suicide but accidental death, which may be because
pancreatic cancer spreads quickly and early diagnosis is di�cult, most individuals are diagnosed after they reach old
age. (As can be seen from Table 1, pancreatic cancer patients under 40 years old account for only 1.5% of the total
population, while those over 65 years old account for 64.2%). Those old patients are more likely to have problems
concentrating, organ damage, mobility di�culties, and other medical complications, all of which are associated with
an increased risk of accidental injury(Yang et al. 2020); at the same time, few of them have access to the Internet,
which means they are less likely to have access to adequate information about pancreatic cancer on the Internet,
which could lead them to ineffective or even harmful decisions(Bass et al. 2006) and may increase their risk of
accidental death. Therefore, it is suggested to initiate voluntary activities or establish support groups to regularly
enhance knowledge related to pancreatic cancer for these patients, so that they can have a correct and objective
understanding of their disease, reduce the needless stress generated by a lack of background information about the
illness, and boost their con�dence in their ability to overcome it.

Race is the in�uencing factor of suicide, which may be linked to the socioeconomic situation, social background,
educational attainment, and other factors(Ivey-Stephenson et al. 2017). Priority treatment, particularly priority
radiation therapy, is a substantial risk factor for pancreatic cancer patients' accidental death, which may be connected
to radiation therapy's adverse effects. In patients with head and neck cancer, radiation treatment has been proven to
cause cognitive impairment, which may raise the chance of death by accident(Yang et al. 2020).

Table 4 shows that gender and marital statuses are shared in�uencing factors of suicide and accidental death in
pancreatic cancer patients. Male with pancreatic cancer had a greater risk of suicide and accidental death than



Page 17/23

females, while a study of suicide and accidental death among bone tumors patients found a similar difference(Yu et
al. 2021). However, we think the fundamental reasons for gender variations in the risk of suicide and accidental death
are due to undiscovered confoundings factors (such as income, lifestyle, and family structure). Marital status has an
important in�uence on a person’s psychological status: the research by Noquez revealed that widower, single, and
divorced pancreatic cancer patients had a higher burden of symptoms, such as pain, exhaustion, sadness, anxiety, and
soma(Noquez 2008). Studies have also shown that emotional support from a spouse reduces the risk of accidental
death(Cubbin, LeClere, and Smith 2000), illustrating the importance of a partner for pancreatic cancer patients. In
addition to providing emotional and spiritual support, a partner of a pancreatic cancer patient can also serve as the
patient's caregiver by helping the patient accept medical advice, informing family members about the disease
promptly, and communicating with experts about treatment options.

According to the results shown in Table 2 and Table 3, we found an interesting trend: the SMR of suicide and
accidental death is 8.52 and 2.75 respectively in pancreatic cancer patients within the �rst three months after
diagnosis, signi�cantly higher than another period. Similarly, A cohort study from Japan also found a signi�cant
increase in the risk of suicide and accidental death in the �rst six months after cancer diagnosis, especially in the �rst
month(Harashima et al. 2021). This might be because the stage of cancer diagnosis is a signi�cant stressor that has
a direct in�uence on the likelihood of patients’ behavior of suicide or accidental death. At the same time, such
stressors will also place a huge emotional burden on patients, which will lead to patients no longer actively receiving
treatment, such as not following the treatment advice of experts, increasing di�culties in communicating with health
workers, etc, which will lead to an increased risk of suicide and accidental death in patients with pancreatic cancer.
Therefore, we urge physicians to focus on the psychological status of patients within three months of diagnosis of
pancreatic cancer, and oncologists also need to enhance the frequency of communication with these patients, which
has been shown to play an indispensable role in suicide prevention(Trevino et al. 2014).

Another interesting �nding is according to the ‘cancer-directed surgery’ variable, the variable was classi�ed as
‘performed’, ‘not recommended’, and ‘recommended but not performed’. Among patients who did not undergo surgery,
patients classi�ed as ‘recommended but not performed’ have the highest risk of suicide, followed by ‘not
recommended’. To validate the results, we also plotted Kaplan–Meier cumulative risk curve of suicide/accidental
death in a certain period (monthly count), which was classi�ed according to 'cancer-directed surgery' for pancreatic
cancer patients' variable, with results consistent with previous: patients classi�ed as ‘recommended but not
performed’ have the highest risk of suicide (Log-rank test, p < 0.01). The above conclusion tells us should attach
importance to those who can accept surgery, especially in part because of the subjective reason they refused surgery
patients (referred to as ‘recommended but not performed’). In reality, more than one-third of pancreatic cancer patients
are unable to accept radical surgery owing to the fast advancement of the disease, if we can successfully persuade
‘recommended but not performed’ patients, according to our results, will signi�cantly reduce pancreatic cancer
patients’ risk of suicide in overall. Therefore, we propose the following treatment suggestions for the medical worker:
First, General Practitioners (GPs) and emergency physicians should maintain regular contact with patients who reject
their doctors' surgery recommendations. The weeks leading up to a suicide attempt are a critical time for patients who
are suicidal to communicate with their primary care physician and the emergency room, according to
research(Laanani et al. 2020). Through frequent communication, medical staff can learn more about these patients,
which may help to �nd out why they reject surgical recommendations. Second, seek the help of a clinical psychologist.
A study from SEER-Medicine showed that pancreatic cancer patients with a history of depression were 22 percent less
likely to have cancer-guided surgery(Paredes et al. 2021). This shows that these patients have more psychological
troubles, and clinical psychology can timely help these patients relieve the psychological and spiritual pressure.
Increased collaboration between clinical psychologists and pancreatic cancer professionals is expected to improve
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patients' emotional and physical well-being. Clinical practice guidelines also offer a similar view: end-of-life
psychological therapies may greatly enhance patients' moods and help them to better regulate their bodily functions
to deal with the ensuing changes(Kaya et al. 2003). Third, health care workers should always pay attention to the use
of psychotropic drugs in this group of patients. If the psychotropic drug utilization rate is high, it can be regarded as a
sign that the burden of psychological symptoms of patients is heavy and in urgent need of relief. A pancreatic cancer
cohort study from Denmark also revealed that patients who did not receive surgery were more likely to begin using
antidepressants(Dengsø et al. 2020).

As mentioned earlier, only a subset of pancreatic cancer patients have conditions that allow them to undergo radical
surgery. For most patients with pancreatic cancer who cannot receive radical treatment, the best choice of treatment
for them is radiotherapy, chemotherapy, and targeted therapy combined with palliative treatment. Palliative care can
manage patients' symptoms well, whereas patients with pancreatic cancer often have a symptom burden involving
multiple organs due to the anatomical position of the pancreas. A randomized controlled trial study on pancreatic
cancer also showed that a combination of palliative care is critical for improving the prognosis of patients with
pancreatic cancer(Woo et al. 2019). The main symptoms of pancreatic cancer patients are pain and depression. The
incidence of pain is about 70–80%, manifested as severe upper abdominal pain, but also extends to the back, patients
can not lie �at and normal eating, only curled up. Besides damage to physical function and psychological integrity,
pain is also associated with overall survival and quality of life in pancreatic cancer patients. Therefore, controlling
pain is essential for reducing the risk of suicide/accidental death for pancreatic cancer patients. Palliative treatment is
one of the most effective treatments for controlling pain, it has been reported that palliative radiotherapy has a good
regulation effect on the symptom burden of pancreatic cancer patients, and most pancreatic cancer patients can get
great relief of pain after palliative treatment(Ebrahimi, Rasch, and van Tienhoven 2018). The American Society of
Clinical Oncology (AASC) clinical practice guidelines also recommend that patients with metastatic pancreatic cancer
receive palliative care as early as possible to relieve symptoms of pain, preferably at the time of diagnosis(Sohal et al.
2018). At present, pain relief methods mainly include drugs and surgery. When it comes to drug treatment, the World
Health Organization (WHO) recommends that patients take these three actions to alleviate pain("World Health
Organization. WHO’s cancer pain ladder for adults. 2014"): �rst, take non-opioid drugs (such as aspirin and
paracetamol) by mouth immediately, and if no relief is achieved, then take mild opioids (such as codeine), or try a
strong opioid (such as morphine) if it still does not meet expectations; In surgical therapy, The most effective
procedure so far is celiac plexus release, which relieves approximately 70 to 90 percent of the pain in patients with
pancreatic cancer(Wyse et al. 2011).

Depression is another major symptom of pancreatic cancer patients. Nearly half of pancreatic cancer patients are
reported to experience psychiatric symptoms (depression, anxiety, etc.) before diagnosis(Fras, Litin, and Pearson 1967;
Green and Austin 1993). This suggests that there may be some biological mechanism between depression and
pancreatic cancer, Andrew D. Boyd et al(Boyd and Riba 2007) reviewed the studies on the biological mechanism
between pancreatic cancer and depression, but no conclusion has been reached so far. Whether there is any
mechanism between pancreatic cancer and depression, it is a fact the prevalence of depression in pancreatic cancer
patients is signi�cantly higher than that in other cancer patients(Massie 2004; Fras, Litin, and Pearson 1967; Holland
et al. 1986). Meanwhile, depression is the shared risk factor for suicide and accidental death, we think it plays a non-
negligible role in reducing the risk of suicide/accidental death in pancreatic cancer patients. One of the most direct
ways to reduce depression is taking antidepressants, which have been shown to improve symptoms and quality of life
in patients with pancreatic(Purohit et al. 1978). Among the many antidepressants, selective serotonin reuptake
inhibitors (SSRIs) are recommended because they are well tolerated and have few side effects, including �uoxetine,
�uvoxamine, and citalopram. In addition to antidepressants, psychological interventions such as meditation, yoga,
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and acupuncture are also effective in alleviating depression in pancreatic cancer patients(Luo et al. 2014). In practice,
health care workers can also refer to the treatment of depression in pancreatic cancer patients proposed by Walker
and Sharpe(Walker and Sharpe 2009), who provide practical treatment measures from multiple aspects of education,
medication, and behavior.

Although our study has revealed several important �ndings related to the risk of suicide and accidental death in
patients with pancreatic cancer, limitations remain. To begin with, it is di�cult to make an accurate distinction
between suicide and accidental death when registering causes of death, especially in the case of poisoning or gunshot
wounds, different coroners who see such scenes are more likely to have different judgments on the classi�cation of
cause of death; Additionally, the SEER database lacks records related to patients' mental disorders and quality of life,
which may confound the real association between pancreatic cancer patients and risk of suicide/accidental death.

The study showed that pancreatic cancer patients had a higher risk of suicide and accidental death than not only the
general population but also other cancer patients. Notably, we also found the �rst three months after diagnosis is a
critical period for medical workers takes action to reduce the risk of suicide/accidental death in pancreatic cancer
patients. Among the pancreatic cancer patients who had not performed surgery, we noticed ‘recommended but not
performed’ patients have a higher risk of suicide/accidental death than ‘not recommended’ patients. Therefore, we
suggest that for patients diagnosed within three months or classi�ed as 'recommended but not performed', specialists
need to work with cancer psychologists, and frequently pay attention to their psychological status.
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Figures

Figure 1

Flow chart for screening pancreatic cancer patients and other cancer patient cohorts.

Figure 2

Adjusted cumulative probability of death due to suicide/self-in�icted injury in patients with pancreatic cancer after
surgical intervention treatment; the numbers below the x-axis indicate the risk population. The numbers in parentheses
indicate the number of events.

Figure 3

Adjusted cumulative probability of death due to accidents/adverse reactions in patients with pancreatic cancer after
surgical intervention treatment; the numbers below the x-axis indicate the risk population. The numbers in parentheses
indicate the number of events.


