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IMPORTANCE The risk and timing of suicide among patients who undergo surgery for cancer
remain largely unknown, and, to our knowledge, there are currently no organized programs in
place to implement regular suicide screening among this patient population.

OBJECTIVE To evaluate the incidence, timing, and factors associated with suicide among
patients undergoing cancer operations.

DESIGN, SETTING, AND PARTICIPANTS This retrospective population-based cohort study used
data from the Surveillance, Epidemiology, and End Results Program database to examine the
incidence of suicide, compared with the general US population, and timing of suicide among
patients undergoing surgery for the 15 deadliest cancers in the US from 2000 to 2016.
A Fine-Gray competing risks regression model was used to identify factors associated with an
increased risk of suicide among patients in the cohort. Data were analyzed from September
2021 to January 2022.

EXPOSURES Surgery for cancer.

MAIN OUTCOMES AND MEASURES Incidence, compared with the general US population,
timing, and factors associated with suicide after surgery for cancer.

RESULTS From 2000 to 2016, 1 811 397 patients (74.4% female; median [IQR] age, 62.0
[52.0-72.0] years) met study inclusion criteria. Of these patients, 1494 (0.08%) committed
suicide after undergoing surgery for cancer. The incidence of suicide, compared with the
general US population, was statistically significantly higher among patients undergoing
surgery for cancers of the larynx (standardized mortality ratio [SMR], 4.02; 95% CI,
2.67-5.81), oral cavity and pharynx (SMR, 2.43; 95% CI, 1.93-3.03), esophagus (SMR, 2.25;
95% CI, 1.43-3.38), bladder (SMR, 2.09; 95% CI, 1.53-2.78), pancreas (SMR, 2.08; 95% CI,
1.29-3.19), lung (SMR, 1.73; 95% CI, 1.47-2.02), stomach (SMR, 1.70; 95% CI, 1.22-2.31), ovary
(SMR, 1.64; 95% CI, 1.13-2.31), brain (SMR, 1.61; 95% CI, 1.12-2.26), and colon and rectum
(SMR, 1.28; 95% CI, 1.16-1.40). Approximately 3%, 21%, and 50% of suicides were committed
within the first month, first year, and first 3 years after surgery, respectively. Patients who
were male, White, and divorced or single were at greatest risk of suicide.

CONCLUSIONS AND RELEVANCE In this cohort study, the incidence of suicide among patients
undergoing cancer operations was statistically significantly elevated compared with the
general population, highlighting the need for programs to actively implement regular suicide
screening among such patients, especially those whose demographic and tumor
characteristics are associated with the highest suicide risk.
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W hile many studies have assessed the risk of suicide
among all patients diagnosed with cancer,1-9 the risk
and timing of suicide among patients who undergo

cancer operations remain largely unknown. Only 1 study, to our
knowledge, has specifically assessed the incidence of suicide
among patients who have undergone surgery for cancer.10

However, this study evaluated older data of patients diag-
nosed from 2004 to 2011, did not include patients diagnosed
with stage I cancer, and did not examine the timing of suicide
relative to the date of surgery. Importantly, between 6% and
38% of patients who undergo cancer operations are reported
to develop major depressive symptoms after surgical
treatment,11-15 suggesting that suicide may be an important
risk in this population.16-19 The objectives of this study were
to (1) evaluate the incidence of suicide among patients under-
going cancer operations; (2) examine patterns in the timing of
suicide relative to surgery; and (3) identify factors associated
with an increased risk of suicide within this population.

Methods
Data Source
The Surveillance, Epidemiology, and End Results Program
(SEER) 18 database provides data on cancer incidence, treat-
ment, and mortality for the years 2000 to 2016 from 18 popu-
lation-based US registries. These 18 population-based US reg-
istries represent 10 US states, 2 metropolitan areas, and Alaska
Native individuals, collectively representing about 28% of the
US population.20 For the present analysis, data from different
registries within the same US state were grouped together (eg,
the 3 separate registries in Georgia, including the Atlanta
[Metropolitan], Rural Georgia, and Greater Georgia registries,
were combined into 1 group that we labeled “Georgia”).

Data in the SEER 18 include individual-level patient, tu-
mor, and treatment characteristics as well as cause-specific
mortality, including suicide. Mortality codes in SEER are ob-
tained from death certificates, which are completed by the pa-
tient’s physician at the time of the patient’s death. Patients
whose cause of death was coded as suicide or self-inflicted in-
jury (SEER code: 50220) were considered to have committed
suicide.21

This retrospective cohort study was deemed exempt from
review by the Massachusetts General Hospital institutional re-
view board. The requirement for patient informed consent was
waived because only deidentified data were analyzed. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

Study Design
Patients in the SEER database who underwent surgery for 1 of
15 solid-organ cancers in the US from 2000 to 2016 were iden-
tified for analysis using the SEER site recode International
Classification of Diseases for Oncology, Third Edition codes.22,23

The cancer sites selected are shown in eTable 1 in the Supple-
ment. We excluded patients who were diagnosed with mul-
tiple primary cancers to avoid potential biases resulting from
the influence of past or future cancer diagnoses on suicide risk.

Cancer staging was based on the SEER summary staging
information.

We first computed standardized mortality ratios (SMRs) for
patients in the cohort—namely, the incidence of suicide among
patients compared with the incidence of suicide in the gen-
eral US population, adjusted by age, sex, race, and calendar year
of death. We used 5-year age categories (eg, 50-54 years, 55-59
years) for standardization. Standardized mortality ratios are
commonly used to compare the incidence of death from a cer-
tain cause in a study population with that of a standard
population.1,7,24

Next, for each cancer site, we calculated the 5-year over-
all survival rate of patients in the study cohort. We then as-
sessed the association between the 5-year overall survival rate
for that type of cancer and the SMR for suicide among pa-
tients diagnosed with that type of cancer. To ensure that pa-
tients included in the 5-year overall survival rate calculation
had adequate follow-up time, we calculated the 5-year over-
all survival rate of patients diagnosed with cancer from 2000
to 2011. Subgroup analyses were conducted by cancer stage (eg,
localized, regional, distant).

We also evaluated patterns in the timing of suicide rela-
tive to the date of surgery by cancer site. We assessed whether
the median time to suicide after surgery for each cancer site
was associated with the 5-year overall survival rate for that can-
cer site. In addition, we assessed whether the median time to
suicide after surgery for each cancer site was associated with
the SMR for suicide among patients with that type of cancer.

Finally, we examined the risk of suicide among patients
in the cohort to determine whether there were any patient or
tumor characteristics associated with an increased risk of sui-
cide. We also assessed heterogeneity in the association
between marital status and suicide risk by patient sex.

Statistical Analysis
The rate of suicide among patients in the study cohort was de-
fined as the ratio of the number of suicides to the number of
person-years at risk for suicide. Standardized mortality ratios
for the entire cohort and for subgroups of patients by each can-
cer site were calculated using SEER*Stat software, version 8.3.9

Key Points
Question What are the incidence, timing, and factors associated
with suicide among patients undergoing cancer operations in the
US?

Findings In this cohort study of 1 811 397 patients who underwent
cancer surgery, the incidence of suicide, compared with the
general US population, was statistically significantly higher among
patients undergoing surgery for 10 of the 15 cancers assessed, with
approximately 50% of suicides committed within the first 3 years
after surgery. Patients who were male, White, and divorced or
single had the greatest risk of suicide.

Meaning These findings suggest the need to implement suicide
screening among patients undergoing cancer operations,
especially patients whose demographic and tumor characteristics
are associated with the highest suicide risk.
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(National Cancer Institute). All analyses were conducted be-
tween September 2021 and January 2022. To investigate
whether individuals diagnosed with deadlier cancers (ie, those
with lower survival rates) were more likely to commit sui-
cide, we assessed the association between the SMR for each
cancer site and the 5-year overall survival rate for that type of
cancer using linear regression weighted by the number of sui-
cides for each cancer site. Survival time in months was calcu-
lated from the time of surgery to death.

Next, we calculated the median time from surgery to sui-
cide. In addition, we calculated the percentage of suicides com-
mitted by month and by year relative to the date of surgery.
To investigate whether individuals diagnosed with deadlier
cancers were more likely to commit suicide a shorter time af-
ter surgery, we evaluated the association between the me-
dian time from surgery to suicide for each cancer site and the
5-year overall survival rate for that cancer site using linear re-
gression weighted by the number of suicides for each cancer
site. We also assessed the association between median time
from surgery to suicide for each cancer site and the SMR of sui-
cide for that cancer site.

To identify factors associated with an increased risk of sui-
cide among patients undergoing surgery, we used a multivari-
able Fine-Gray competing risks regression model.25 The co-
variates included in this model were patient sex, race (American
Indian or Alaska Native, Asian or Other Pacific Islander, Black,
White), age, cancer site, cancer stage, receipt of radiation, re-
ceipt of chemotherapy, Yost index, and year of diagnosis. In
addition, we included the SEER registry where the patient was
diagnosed with cancer as a covariate in the model to account
for differences in gun laws by US state. Data on patients’ race
were obtained from medical records that are submitted to re-
gional or state cancer registries. The Yost index is a compos-
ite, continuous score based on 7 different measures of social
vulnerability26; a higher Yost index score indicates higher so-
cioeconomic status. For the present study, we categorized the
Yost index into quartiles. We chose to use a Fine-Gray model

instead of a Cox proportional hazards model because it al-
lowed us to evaluate survival data in the presence of compet-
ing risks.25 For example, deaths from causes other than sui-
cide (eg, cancer or heart disease) may influence the estimate
of the probability of death from suicide. To account for com-
peting risks, the Fine-Gray model uses a hazard function ad-
justing for covariates for each cause of death (suicide vs other
causes).

Differences in the association between marital status and
suicide risk by patient sex were examined by including an in-
teraction term between marital status and patient sex in the
overall model, in addition to stratifying the study cohort by
patient sex and fitting separate models to each stratum. Sta-
tistical analysis was performed using R, version 4.1.2 (R Foun-
dation), and all P values were 2-sided and considered statis-
tically significant at P < .05. We did not adjust for multiple
comparisons in the analysis.

Results
Patient Population
From 2000 to 2016, 1 811 397 patients who underwent can-
cer surgery met study inclusion criteria. During a median
(IQR) follow-up of 4.6 (1.7-9.0) years, 1494 (0.08%) patients
committed suicide after undergoing surgery for cancer—a
rate of 14.5 suicides per 100 000 person-years. The inci-
dence of suicide among patients in the study cohort com-
pared with the incidence of suicide in the general US popula-
tion, adjusted by age, sex, race, and calendar year of death,
was statistically significantly elevated (SMR, 1.29; 95% CI,
1.23-1.36). Baseline characteristics of patients who did and
did not commit suicide in the study cohort are described in
eTable 2 in the Supplement.

Incidence of Suicide Among Patients Undergoing Surgery
Standardized mortality ratios for individual cancer sites were
statistically significantly elevated for cancers of the brain, blad-
der, colon and rectum, esophagus, larynx, lung, oral cavity and
pharynx, ovary, pancreas, and stomach (Figure 1 and eTable 3
in the Supplement). Patients undergoing surgery for cancers
with higher 5-year overall survival rates showed lower SMRs
than patients undergoing surgery for cancers with lower 5-year
overall survival rates (slope, −0.022; 95% CI, −0.039 to −0.004;
P = .02; Figure 2). Notably, patients who underwent surgery
for cancers with 5-year overall survival rates greater than 80%
(cancers of the corpus uterus, kidney, breast, and cervix)
showed no statistically significant increased incidence of sui-
cide relative to the US population. In a subgroup analysis of
patients diagnosed with localized disease (eFigure in the
Supplement), patients undergoing surgery for cancers with
higher 5-year overall survival rates showed lower SMRs com-
pared with patients undergoing surgery for cancers with lower
5-year survival rates; a similar finding was observed for pa-
tients diagnosed with regional disease, though this associa-
tion did not reach statistical significance. No association be-
tween 5-year overall survival rates and SMRs was observed for
patients diagnosed with distant disease.

Figure 1. Standardized Mortality Ratios (SMRs) of Suicide by Cancer Site
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The SMRs of suicide compare the incidence of suicide among patients
undergoing cancer-directed surgery with the incidence of suicide in the general
US population. The SMRs were standardized by age, sex, race, and year of
death. Error bars indicate 95% CIs.
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Timing of Suicide Relative to the Time of Surgery
Approximately 3%, 21%, and 50% of suicides occurred within
the first month, first year, and first 3 years after surgery, re-
spectively (Figure 3A and B). The median (IQR) time from sur-
gery to suicide varied by cancer site (Figure 3C), ranging from
11.5 (2.0-37.0) months for patients with brain cancers to 78.0
(44.0-134.0) months for those with cervical cancers. About 50%
of suicides committed after surgery for brain cancer occurred
within the first year after surgery, compared with less than 6%
of suicides within the first year after surgery for cervical can-
cer (Figure 3D).

Patients undergoing surgery for cancers with lower 5-year
survival rates committed suicide sooner after surgery than pa-
tients undergoing surgery for cancers with higher 5-year sur-
vival rates (slope, 1.327; 95% CI, 0.734-1.920; P < .001;
Figure 4A). Additionally, patients undergoing surgery for can-
cers with higher SMRs of suicide committed suicide sooner af-
ter surgery than patients undergoing surgery for cancer with
lower SMRs (slope, −0.032; 95% CI, −0.062 to −0.002; P = .04;
Figure 4B).

Incidence of Suicide by Patient Characteristics
The rate of suicide per 100 000 person-years and the SMR of
suicide varied by patient characteristics (eTable 4 in the Supple-
ment). Patients who were male had a higher rate of suicide com-
pared with patients who were female. Patients who were
American Indian or White had higher rates of suicide com-
pared with patients who were Black or Asian. To illustrate the
combined effects of cancer site and patient characteristics on
suicide risk, we found that the rate of suicide per 100 000
person-years among White male patients undergoing surgery
for laryngeal cancer was 63 times greater than the rate of sui-
cide per 100 000 person-years among Black female patients
undergoing surgery for breast cancer.

Factors Associated With Increased Risk of Suicide
The proportional hazards assumption of the Fine-Gray model
was evaluated with no violation identified. In the multivari-
able Fine-Gray competing risks regression model, Black and
Asian patients displayed a lower risk of suicide compared with
White patients, and older patients showed a lower risk of sui-
cide than younger patients (eTable 2 in the Supplement). Male
patients showed a statistically significant increased risk of sui-
cide compared with female patients. Patients who were di-
vorced or single (never married) had a higher risk of suicide
than married patients. There was a statistically significant in-
teraction between patient sex and marital status (subdistri-
bution hazard ratio [SHR], 2.71; 95% CI, 1.83-4.01; P < .001).
Compared with female patients who were married, female pa-
tients who were widowed did not have an increased risk of sui-
cide (SHR, 0.91; 95% CI, 0.65-1.27; P = .57). In contrast, com-
pared with male patients who were married, male patients who
were widowed did have an increased risk of suicide (SHR, 1.56;
95% CI, 1.19-2.05; P = .001).

Patients undergoing cancer operations who also received
radiation had a statistically significant lower risk of suicide
compared with patients who did not receive radiation.
Similarly, patients in the study cohort who received chemo-

therapy showed a lower risk of suicide compared with pa-
tients who did not receive chemotherapy, though this asso-
ciation did not reach statistical significance (SHR, 0.88; 95%
CI, 0.78-1.01; P = .07). Patients undergoing cancer operations
for distant disease had a statistically significant lower risk of
suicide compared with patients undergoing operations for lo-
calized disease (eTable 2 in the Supplement).

Discussion
In this national analysis, we found that the incidence of sui-
cide among the entire patient cohort, and among patients re-
ceiving surgery for 10 of the 15 cancer sites evaluated, was sta-
tistically significantly greater than that expected in the general
US population. Variations in suicide incidence among differ-
ent cancer sites appeared at least partially associated with dif-
ferences in patients’ expected prognosis after surgery for that
type of cancer. Specifically, SMRs for suicide tended to be
lower among patients who had received surgery for cancers
with higher 5-year overall survival rates, and indeed patients
undergoing surgery for cancers with survival rates above
80% showed no statistically significant increase in suicide
incidence compared with the general US population.
Depression5,27,28 and feelings of hopelessness5,29 associated
with a poor-prognosis cancer diagnosis may contribute to these
differences. Losses in quality of life following cancer opera-
tions that are more extensive,30,31 result in noticeable cos-
metic changes,32,33 or substantially limit patients’ day-to-day
functioning31,34-36 may also contribute to an increased risk of
suicide.

In addition, we found that approximately 3%, 21%, and
50% of suicides were committed within the first month, first
year, and first 3 years after surgery, respectively. Notably, the
timing of suicide after surgery varied by cancer site, and can-
cer sites with lower 5-year overall survival rates and higher

Figure 2. Scatterplot of the Standardized Mortality Ratio (SMR)
of Suicide for Each Cancer Site vs the 5-Year Overall Survival
for Each Cancer Site
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The SMRs were standardized by age, sex, race, and year of death. The size of
each point corresponds to the number of suicides for each cancer site. The line
of best fit was calculated using linear regression weighted by the number of
suicides for each cancer site.
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SMRs for suicide were associated with shorter time to sui-
cide after surgery. In addition, patients who were male,
White, or divorced or single (never married) showed the
greatest risk of suicide compared with other patients, which
is consistent with characteristics associated with higher risk
of suicide in the general US population.37 We also found that
patients receiving chemotherapy or radiation in addition to
surgery displayed a lower risk of suicide compared with
patients who received surgery without chemotherapy or
radiation, respectively. This finding may reflect the influ-
ence of greater patient engagement in their cancer treatment
and closer patient surveillance by the patient’s health care
team during the perioperative period.38,39

The findings of this study suggest that suicide is an im-
portant risk following cancer surgery and highlight the impor-
tance of improving access to support groups and implement-
ing regular screening for distress during the postoperative
period. While screening for distress is recommended for all pa-
tients with cancer by major medical professional societies,16,17

and is mandated by the American College of Surgeons Com-
mission on Cancer, overall adherence to these recommenda-
tions has been shown to be low.40-43 Moreover, efforts to imple-
ment psychosocial distress screening in clinical practice have
largely focused on the integration of psychosocial distress
screening in medical oncology practices42 and not surgical on-
cology practices. Many patients with cancer who undergo

Figure 3. Distribution of the Time From Surgery to Suicide, Median Time From Surgery to Suicide by Cancer Site, and Suicides Committed
During the First Year After Surgery
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A, The distribution of the time from surgery to suicide in years among all
patients who committed suicide. B, The distribution of the time from surgery to
suicide in months among patients who committed suicide during the first year
after surgery. C, A box plot of the time from surgery to suicide by cancer site.
The median is denoted as the bar in the center of each box, the first and third

quartiles are denoted by the ends of each box, 95% CIs are denoted by
whiskers, and outliers are denoted as solid dots outside of the whiskers.
D, The percentage of suicides committed during the first year (as opposed to
later years) after surgery by cancer site.
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surgical treatment receive their primary cancer care through
their surgeon, and many do not ever see a medical oncolo-
gist. Thus, distress screening implemented in medical oncol-
ogy practices may never reach patients who undergo cancer
operations. Further work is needed to develop and imple-
ment distress screening programs in surgical oncology prac-
tices and to ensure that such programs adequately address the
unique psychosocial needs of patients undergoing cancer
operations.

Limitations
There are important limitations to this study. First, the SEER
database covers approximately 28% of the US population. The
number of suicides reported in this study represent only a frac-
tion of the total number of suicides committed by patients un-
dergoing cancer operations in the US. If the results were ex-
trapolated to the rest of the country, the number of suicides
committed by patients undergoing cancer operations from
2000 to 2016 may well have exceeded 5300. Second, the SEER
database does not include data on the number of suicide at-
tempts. A previous systematic review found that between 5%
and 11% of suicide attempts resulted in death.44 Based on these
rates, we estimate that approximately 49 000 to 108 000 pa-
tients undergoing cancer operations in the US may have at-
tempted suicide from 2000 to 2016. Third, the SEER data-
base does not include information on the method of suicide
or patients’ mental health condition at the time of cancer sur-
gery. Fourth, there is the possibility that the cause of death was
misclassified on patients’ death certificates. However, mis-
classification of the cause of death is unlikely when consider-
ing reports of suicide, given that there is little discrepancy in

the underlying cause of death in this scenario. Fifth, there may
be heterogeneity in the association between cancer stage and
suicide risk across cancer sites that we were unable to evalu-
ate due to the small number of patients who underwent sur-
gery for distant disease in this cohort. Lastly, patients with can-
cer have been shown to have a higher risk of chronic health
conditions45 compared with members of the general popula-
tion of a similar demographic. Chronic conditions have been
shown to be associated with increased risks of suicide.46 Thus,
the increased incidence of suicide observed among patients
with cancer compared with the general population may be at-
tributed to several factors in addition to cancer, including other
chronic conditions.

Conclusions
The findings of this cohort study suggest the need for efforts to
reduce suicide risk among patients undergoing surgery for can-
cer. These data suggest that strategies to reduce suicide risk in
such patients may start by focusing on higher-risk demograph-
ic subgroups such as patients who are male, White, and divorced
or single. Similarly, patients undergoing surgery for cancers of
the head and neck, bladder, esophagus, and pancreas appeared
to display higher risk and may benefit from more intensive post-
operative surveillance. Efforts to implement regular psychoso-
cial distress screening of patients during preoperative evaluation
and postoperative recovery and efforts to increase psychosocial
supportforthesepatientsduringpostoperativerecoverymayrep-
resent possible strategies to reduce suicide risk among patients
undergoing cancer operations.
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