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The Global Burden of Disease Collaboration reported 24.5 
million incident cancer cases for 2017, causing 233.5 
disability-adjusted life-years and an increasing cancer inci-

dence rate during the last 1.5 decades in 123 of 195 countries1. For 
a patient, a diagnosis of cancer is one of the most dramatic and 
life-changing events, representing a severe psychosocial stressor2. 
Patients with cancer may die by suicide for a number of reasons, 
including anxiety, pain, loss of perspectives and previous coping 
strategies, treatment-related adverse events and fatigue3. Suicide is 
a global public health concern. More than 800,000 people die by 
suicide each year, with 20 suicidal attempts being carried out for 
each death by suicide4.

Suicidal ideations among patients with cancer may arise through 
a patient’s will for self-autonomy and self-control, but they can also 
occur in the context of severe depressive symptoms5. Whatever the 
cause, suicides are difficult to handle for next-of-kin and caregivers, 
who may be affected far beyond the loss of the patient6.

The effectiveness of comprehensive psychological, psychiat-
ric and psychotherapeutic management of patients with cancer is 
underscored by the estimation that every US$1.00 spent on psycho-
therapeutic interventions and interventions that strengthen link-
ages among different health-care providers saves US$2.50 in the 
cost of suicides7.

Increased suicide rates in patients with cancer compared with 
the general population have been observed for decades in different 
populations around the globe8–21. However, only few meta-analyses 
examined suicide risk among patients with cancer and those stud-
ies lacked a comprehensive literature search, generated incomplete 
findings regarding certain risk groups and/or analyzed only specific 
cancer entities, and/or presented only incidence rates without com-
parisons with the general population22–27. The research objectives of 
the present study were, therefore, to quantify overall suicide mortal-
ity in patients with cancer compared with the general population, 
followed by comprehensive subgroup analyses to identify specific 
risk factors of particular interest, including cancer prognosis, can-
cer stage, time since diagnosis, gender, ethnicity, marital status and  

geographic region, which have not been performed in a meta-analysis 
to date. Our aim was to gain a deeper knowledge of risk factors for 
suicide in patients with cancer to enhance oncological and psychi-
atric practice, improve the quality of life of patients with a cancer 
diagnosis and help develop targeted interventions.

Results
Study population. Our database search led to 12,188 records; an 
additional 5 studies were manually added by the authors. After 
exclusion of duplicates, 7,565 records were screened by titles and 
abstracts. A total of 768 of 934 reports did not meet the inclusion 
criteria and were excluded during full text screening (Fig. 1). In 62 of 
the remaining 166 cohort studies, results were presented as standard-
ized mortality ratios (SMRs) and were therefore included, yielding 
a study population of over 47,035,065 patients with cancer, 69,401 
of whom died by suicide during at least 107,961,345 person-years 
of follow-up. Sample sizes of included studies ranged from 8,908 to 
8,651,569 patients: 52 studies encompassed both genders, 8 studies 
were conducted in men only whereas 2 focused on women, for a total 
sample size of >21,648,774 men and >20,538,111 women. There 
were 30 studies performed in the USA, 25 in Europe, 1 combined 
data from both the USA and Europe, 5 were carried out in Asia and 
2 were performed in Australia (Supplementary Table 1). Collectively, 
those studies were at least age adjusted and examined suicide mortal-
ity across 35 distinct cancer sites, grouped into 21 cancer entities. All 
62 included studies were classified as high quality according to the 
Newcastle–Ottawa Scale (NOS) (Supplementary Table 2).

Next, we screened the 62 included studies for potential patient 
overlap, which may occur in studies using the same databases 
with overlapping recruitment times and tumor entities. As patient 
overlap may significantly bias the results from meta-analyses28, we 
further excluded all studies with a potential risk of sample overlap 
and remained with a core set of 28 independent studies comprising 
22,407,690 cancer patients, which were subsequently meta-analyzed. 
An overview of sample sizes of subgroups included in the present 
meta-analysis is shown in Supplementary Table 3.
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Overall analysis. Our overall analysis revealed an 85% increased 
suicide mortality rate among patients with cancer compared with 
the general population (SMR = 1.85, 95% confidence interval 
(CI) = 1.55–2.20), with considerable heterogeneity among studies 
(percentage of variation across studies that is due to heterogeneity 
rather than chance (I2) = 99.37%, P value for heterogeneity < 0.0001) 
(Fig. 2). We therefore performed stratified analyses to detect poten-
tial causes of heterogeneity.

Cancer prognosis, stage and time since diagnosis. First, we 
grouped cancers according to 5-year relative survival, defined as 
good prognosis (5-year survival rates >90%), intermediate prog-
nosis (5-year survival rates 50–90%) and poor prognosis (5-year 
survival rates <50%)29–31. Suicide mortality differed markedly 
according to cancer prognosis (P value for difference < 0.001) 
(Figs. 3 and 4). Specifically, suicide mortality was low (SMR = 1.50, 
95% CI = 1.12–2.00) with high heterogeneity between studies  

(I² = 98.97%; P value for heterogeneity < 0.0001) for cancers known 
to have a good prognosis, including thyroid cancer, nonmetastatic 
melanoma and nonmelanoma skin cancer, prostate cancer and 
testicular cancer. Suicide mortality was intermediate (SMR = 1.98, 
95% CI = 1.56–2.51) with high heterogeneity between stud-
ies (I² = 98.99%; P value for heterogeneity < 0.0001) for cancers 
known to have a moderate prognosis, including cancers of the 
breast, female genital system, colon and rectum, urinary system 
including kidney and bladder, leukemia, non-Hodgkin’s lym-
phoma, Hodgkin’s lymphoma and cancers of the connective tissue. 
Suicide mortality was high (SMR = 3.53, 95% CI = 2.75–4.53) with 
high heterogeneity between studies (I² = 98.80%; P value for het-
erogeneity < 0.0001) for cancers known to have a poor prognosis, 
including cancers of the liver and biliary system, stomach, head 
and neck, central nervous system, pancreas and esophagus, and 
mesothelioma. Risk estimates for each cancer site are shown in 
Extended Data Fig. 1.
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Fig. 1 | PRiSMa flow diagram for details on the study selection process of the present meta-analysis and systematic review. n, Number of included 
studies. *Due to the limitations of the Google Scholar research platform, search results are limited to 400 entries, 200 of which could be exported and 
were sorted by relevance.
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A statistically significant difference in suicide mortality was also 
observed between cancer stages (P value for difference < 0.001; 
Fig. 4). Specifically, suicide mortality was low (SMR = 1.50, 
95% CI = 1.16–1.94) with high heterogeneity between studies 
(I² = 98.99%; P value for heterogeneity < 0.0001) for cancers of an 
earlier stage, defined as ‘carcinoma in situ’, ‘localized’, ‘regional’, 
‘early’, ‘M0’, ‘stage I’, ‘stage II’ or ‘stage III’. Suicide mortality was high 
(SMR = 3.12, 95% CI = 2.22–4.38) with high heterogeneity between 
studies (I² = 97.04%; P value for heterogeneity < 0.0001) for cancers 
of a late stage, defined as ‘distant’, ‘advanced’, ‘late’ or ‘M1’.

We proceeded to explore further potential sources of heteroge-
neity (Fig. 4). Suicide mortality was higher within the first year of 
cancer diagnosis than ≥1 year after diagnosis (P value for differ-
ence < 0.001), with high heterogeneity between studies (I² = 99.12%; 
P value for heterogeneity < 0.0001). Multiple meta-regression 
revealed that data for cancers with poor prognosis were redundant 
to suicide mortality within the first year after diagnosis, with poor 
cancer prognosis being the dominant variable.

Geographic region, marital status, gender, year of recruitment 
and ethnicity. Suicide mortality among patients with cancer was 
higher in the USA than in Europe, Asia or Australia when compared 
with the respective general population (P value for difference = 0.01; 
I² = 99.33%; P value for heterogeneity < 0.0001). Suicide mortality 
was also higher in unmarried patients with cancer compared with 
patients living in a marriage, but the results did not reach statisti-
cal significance (P value for difference = 0.41; I² = 99.57%; P value 
for heterogeneity < <0.0001). By comparison, suicide mortality did 

not significantly vary by gender (P value for difference = 0.41), year 
of recruitment (P value for difference = 0.58) or ethnicity (P value 
for difference = 0.99), with African–Americans showing a slightly 
decreased suicide mortality rate compared with other ethnic groups 
(Table 1).

The risk factors are also summarized by grade of suicide mortal-
ity (low, intermediate and high) as depicted in Table 2.

Sensitivity analyses using all 62 eligible studies. In a sensitivity 
analysis, we meta-analyzed all 62 eligible studies from our systematic 
review comprising 47,035,065 patients with cancer. Despite the risk 
of sample overlap, particularly between Surveillance, Epidemiology, 
and End Results (SEER) studies, the results were not substantially 
different from our main analysis (SMR = 1.94, 95% CI = 1.72–2.18 in 
the analysis based on 62 studies versus SMR = 1.85, 95% CI = 1.55–
2.20 based on 28 studies; Fig. 2 and Extended Data Fig. 2). Similar 
observations were made for the respective subgroup analyses (Figs. 
3 and 4, and Extended Data Figs. 3 and 4).

Assessment of publication bias. A funnel plot showed minor asym-
metry around the pooled SMR using all 62 eligible studies regard-
less of potential sample overlap (Extended Data Fig. 5). However, 
Begg’s correlation and Egger’s regression tests indicated no evidence 
for publication bias (P value for Begg’s test = 0.42; P value for Egger’s 
test = 0.4239).

discussion
Our comprehensive meta-analysis of 28 nonoverlapping studies 
from 62 high-quality cohort studies revealed that patients with 
cancer have an almost twofold increased risk of dying by suicide 

First author, year (gender)

Muff-Christensen, 2006 (MF)
Innos, 2003 (MF)
Henson, 2018 (MF)
Vyssoki, 2015 (MF)
Kaceniene, 2017 (MF)
Tanaka, 1999 (MF)
Schairer, 2006 (F)
Louhivuori, 1979 (MF)
Beard, 2013 (M)
Hem, 2004 (MF)
Ravaioli, 2020 (MF)
Bill-Axelson, 2010 (M)
Yousaf, 2005 (MF)
Simpson, 2017 (M)
Dormer, 2008 (MF)
Oh, 2020 (MF)
Kim, 2019 (MF)
Smith, 2018 (M)
Zhai, 2020 (MF)
Miccinesi, 2004 (MF)
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Levi, 1991 (MF)
Harashima, 2021 (MF)
Zaorsky, 2019 (MF)
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Shen, 2020 (MF)
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1.58 (1.18, 2.11)
1.61 (1.35, 1.92)
1.61 (1.56, 1.66)
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1.70 (1.28, 2.25)
1.75 (1.11, 2.77)
1.93 (1.60, 2.33)
2.05 (1.77, 2.37)
2.47 (2.37, 2.57)
2.50 (2.13, 2.94)
2.58 (1.97, 3.38)
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5.80 (4.35, 7.74)
7.64 (6.34, 9.21)

1.85 (1.55, 2.20)

3.68
3.66
3.74
3.74
3.72
3.42
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3.36
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Fig. 2 | Forest plot of random effect meta-analysis including 28 cohort 
studies of suicide in patients with cancer compared with the general 
population. Studies are listed by magnitude of risk estimate and weighted 
by their contribution to the summary risk estimate (I2 = 99.37%, P value of 
heterogeneity < 0.0001). F, women only; M, men only; MF, men and women 
combined; RE, risk estimate. Squares depict SMR point estimates and error 
bars their corresponding 95% CIs.
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Fig. 3 | Summary Forest plot of cancer sites, by prognosis. Good prognosis 
was defined as a 5-year survival rate >90%; intermediate prognosis was 
defined as a 5-year survival rate of 50–90%; poor prognosis was defined as 
a 5-year survival rate <50% (I2 = 98.97%, P value heterogeneity < 0.0001). 
Cancer sites with n = 1 were not included in the analysis. Squares depict 
SMR point estimates and error bars their corresponding 95% CIs.
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compared with the general population. In addition, we identified 
certain patient groups at particularly elevated risk of suicide mor-
tality (summarized in Table 2). Specifically, patients with cancers 
known to have a poor prognosis and patients with cancer during 
the initial year after diagnosis showed an approximately 3.5- and 
3-fold increased suicide mortality, respectively, compared with the 
general population. We also found marked geographic variation in 
suicide mortality, with cancer patients in the USA exhibiting the 
highest rate of suicide mortality and a 1.5-fold greater suicide mor-
tality than patients with cancer in Europe. In contrast, suicide rates 
in the general population show no significant differences between 
European countries and the USA (Extended Data Fig. 6).

Six previous meta-analyses focused on suicide mortality in 
patients with any type of cancer22–27. An increased overall risk for 
suicide mortality in patients with cancer compared with the general 
population was consistently observed in those studies. However, 
previous meta-analyses lacked comprehensiveness and differed in 
their sample sizes and statistical power, including only 22 (ref. 23), 
19 (ref. 22), 36 (ref. 24), 5 (ref. 25), 12 (ref. 26) and 5 (ref. 27) studies, 
whereas our systematic review was based on 62 studies, of which 
28 were meta-analyzed. We evaluated previous systematic reviews 
and meta-analyses22–27 using the PRISMA and ROBIS tools32 and 
were unable to definitively assess which specific factors explained 
our larger sample size, although our assessment showed that pre-
vious meta-analyses failed to adequately report on their literature 
search methods or did not encompass a comprehensive range of 
databases. Furthermore, our study covered more time, which led to 
the inclusion of at least four additional studies compared with the 
most recent previous study24.

Previous meta-analyses also differed from our study in terms of 
the depth of analyses on risk factors for suicide. Although Harris 
and Barraclough25 reported suicide in cancer patients without con-
sidering population subgroups, Ravaioli et al.22 mainly explored 
overall mortality, gender differences and time since diagnosis, with 
more detailed analyses limited to their north Italian cohort; Amiri 
et al.23 focused on three continents, different cancer sites and gen-
der. Brunckhorst et al.26 and Guo et al.27 limited their analyses to 
prostate and bladder cancer, respectively. Du et al.24 explored sub-
groups defined by gender, age, geographic region, time since diag-
nosis, cancer stage, cancer type and marital status. However, Du et. 
al.24 did not sufficiently account for sample overlap, with potentially 
biased estimates. Brunckhorst et al.26 reported mostly incidence 
rates without risk estimate comparisons to the general population. 
In contrast, our meta-analysis went beyond those analyses, includ-
ing more databases for the literature search, calculating missing 
SMRs where data were available and performing additional analy-
ses as well as meta-regression, interaction and sensitivity analyses 
and—for the first time in a meta-analysis—showing a clear rela-
tionship of cancer prognosis to suicide rates among the largest ever 
reported independent set of patients with cancer (Supplementary 
Table 4).

The association between cancer prognosis and high suicide mor-
tality may reflect causality by advanced tumor stage and grade result-
ing in more severe adverse effects on the quality of life of patients 
with cancer3. The prospect of aggressive cancer therapy, hopeless-
ness due to a life-changing or fatal cancer diagnosis or even exis-
tential angst could further increase suicidal thoughts and actions in 
patients with cancer. Suicide as an act of ultimate self-autonomy and 
control over one’s life may also account for some cases of suicide.

Time since diagnosis was an additional important risk factor for 
suicide mortality. Patients who survived the first year after diag-
nosis had a significantly lower risk of suicide mortality, although 
they still showed an increased risk compared with the general 
population. Our meta-regression analyses on cancer prognosis and 
time since diagnosis identified poor cancer prognosis as the cru-
cial variable for suicide mortality in patients with cancer. Previous 

studies that identified the first year after diagnosis as being associ-
ated with increased suicide rates did not consider the competing 
effect of cancer prognosis9,20,33–35. Apart from the distress caused by 
a cancer diagnosis itself, which on its own is a potential risk fac-
tor for suicidal behavior, the high mortality rate within the first 
year after diagnosis could additionally be explained by risk factors 
that are similar to those for cancer prognosis, for example, cancer 
stage or the plethora of social and personal consequences of any 
life-changing event. In 80% of suicides, recent life-changing events 
have been reported36. Poor cancer prognosis and cancer stage may 
add to the distress experienced by a newly diagnosed patient with 
cancer, particularly during the first year after diagnosis. Therefore, 
the psychological consequences caused by a cancer diagnosis and 
the primary treatment itself should be closely monitored in the ini-
tial year after diagnosis37. Considerable heterogeneity was observed 
among studies reporting on subgroups according to time since diag-
nosis. In line with previous studies, the first year after diagnosis was 
the most crucial and statistically relevant time cut-point for suicide 
mortality, even though prostate cancer patients can exhibit risk of 
suicidal death for up to 15 years after diagnosis compared with the 
general population38.

Our analysis revealed that geographic region is an important risk 
factor for suicide mortality in patients with cancer. Specifically, US 
cancer patients showed the most pronounced relative suicide mor-
tality increase worldwide, with a significant difference to European 
cancer patients. Whereas most European countries have universal 
health care with easy access for a broad majority of the popula-
tion, the USA is the only industrialized nation without a universal 
health-care system. According to the US Centers for Disease Control 
and Prevention (CDC), an estimated 49.9 million Americans (16.3% 
of the population) were uninsured in 2010, with an even higher rate 
of underinsurance39. Lacking universal health care, cancer therapy 
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Fig. 4 | Summary Forest plot of subgroup analyses of suicide in patients 
with cancer. Squares depict SMR point estimates and error bars their 
corresponding 95% CIs.
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Table 1 | Summary table of meta-regression tests

Co-variable SMR 95% Ci P value q value

Women 1.59 1.27–1.97 0.41 0.53

Other cancers in women 1.50 1.11–2.02 –

Women-specific cancers 1.36 0.91–2.04 0.75

Undefined cancers in women 1.92 1.28–2.89 0.20

Men 1.74 1.52–2.00 0.17 0.31

Other cancers in men 1.91 1.47–2.49 –

Men-specific cancers 1.43 1.21–1.69 0.11

Undefined cancers in men 1.91 1.51–2.42 0.98

Prognosis 2.31 1.97–2.70 <0.001 <0.001

Good prognosis 1.50 1.12–2.00 –

Intermediate prognosis 1.98 1.56–2.51 0.15

Poor prognosis 3.53 2.75–4.53 <0.001

time since diagnosis 2.09 1.62–2.70 <0.001 0.001

Later than 1 year 1.39 1.12–1.72 –

Within 1 year 3.03 2.09–4.39 <0.001

Cancer stage 2.14 1.66–2.76 <0.001 0.002

Early stage 1.50 1.16–1.94 –

Late stage 3.12 2.22–4.38 <0.001

Geographic region 1.83 1.54–2.17 0.01 0.03

Europe 1.51 1.33–1.72 –

uSa 2.77 1.62–4.74 0.001

Asia 1.97 1.44–2.70 0.27

Australia 1.63 1.40–1.90 0.79

Year of recruitment 1.52 1.33–1.73 0.58 0.66

Before 2000 1.49 1.30–1.71 –

After 2000 1.62 1.14–2.31 0.58

Marital status 2.54 1.59–4.03 0.41 0.53

Not married 3.05 1.31–7.08 –

Married 2.06 1.35–3.14 0.41

Ethnicity 3.03 1.72–5.36 0.99 0.99

White 3.15 1.44–6.91 –

African–American 2.58 0.78–8.49 0.81

Asian 3.63 0.12–114.03 0.88

Other 3.01 0.90–10.07 0.96

Results are presented for the overall test as well as the comparison of each category compared with the reference category (depicted by a dash ‘–’). Variables with statistical significance are presented as 
emboldened. P value is the summary effect of each subgroup in the meta-analysis; the q value is the false discovery rate-adjusted P value of the overall test corrected for multiple testing.

Table 2 | Summary table of risk factors by grade of suicide mortality

Risk factor Low risk intermediate risk High risk

Prognosis Good Intermediate Poor

Cancer stage – Early Late

Time after diagnosis Later than 1 year – Within 1 year

Men Men-specific cancers Other cancers in men –

Women Women-specific cancers Other cancers in women –

Geographic region – Europe, Australia, Asia USA (all ethnicities)

Risk factors were stratified according to their SMR. As low risk, an SMR ≤ 1.50 was defined, risk factors with SMR 1.51–1.99 were included as intermediate and high risk was defined as SMR ≥ 2.00. No data 
were available for risk categories marked by a dash ‘–’.
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represents an enormous financial burden for US citizens and their 
families, causing bankruptcy or forcing patients to abandon their 
cancer care altogether40. Poverty and deprivation are additional 
risk factors for suicide41. Other explanations for increased risk of 
suicide among US cancer patients compared with the general US 
population may include cultural differences such as a strong belief 
in self-autonomy42 or easy access to firearms. In the USA in 2018, 
24,432 of 48,344 suicides were carried out by firearms43. This rep-
resents a tenfold increased rate compared with European countries, 
for example, Italy and Germany44. In the USA, cancer patients show 
an increased odds ratio (OR) of 1.35 (95% CI = 1.17–1.56) of dying 
by suicide by firearms compared with the general population45.

In a further subgroup analysis based on studies from the USA, 
African–Americans showed a slightly decreased risk of suicide after 
a cancer diagnosis compared with whites, Asians and other ethnic 
groups. Possible reasons for this observation are misclassification 
of suicides46 in African–Americans, strong religious beliefs, family 
bonds and communalism observed in African–Americans46–48. The 
only European study analyzing suicides in different ethnic groups8 
showed increased suicide mortality in patients with cancer only for 
whites, whereas Asians, Africans and other ethnicities all showed a 
lower or not significantly increased suicide mortality.

We found suggestively higher suicide risks among men than 
among women with cancer, but these results did not reach statistical 
significance. Our results in cancer patients do not mirror the higher 
suicide rates among men than women observed in the general pop-
ulation24 because the increased baseline risk for suicide among men 
in the general population was accounted for by our SMR calcula-
tion. The statistically nonsignificant tendency toward lower suicide 
risks observed in women with cancer may be due to greater resil-
ience and stronger social and psychological support in women than 
in men with cancer49.

We observed an influence of marital status on suicide mortal-
ity in patients with cancer. Married patients with cancer showed 
lower suicide mortality than unmarried patients with cancer, that is, 
single, widowed or separated patients. As being married is known 
to prevent suicide in general50, fundamental additional resilience 
deriving from a marriage partner and friend could be a strong pil-
lar in coping with a cancer diagnosis. Due to a lack of data in the 
primary studies, we were unable to evaluate suicide risk among 
patients with cancer in a domestic relationship but not married.

The present study is the largest and most comprehensive 
meta-analysis on suicide mortality in patients with cancer to date. 
With 22,407,690 independent patients with cancer from a total of 
at least 47,035,065 patient records, subgroup analyses were amply 
powered to detect relationships in patient groups at particular risk. 
Therefore, our study has numerous relevant clinical implications for 
the treatment of patients with cancer. The observed heterogeneity 
across subgroups resulted from the various cancer sites examined, 
potential differences in documenting cases of cancers and deaths 
across national registries, and a certain degree of divergence in ana-
lytic strategies across the primary studies.

We were unable to address suicidal ideations, suicide attempts, 
psychiatric comorbidities, depressive symptoms, psychotherapeutic 
care and the influence of pharmacological antidepressant therapy 
as additional outcomes because only one of the included stud-
ies focused on suicidal thoughts and attempts33, with the addition 
of only one study taking into account the influence of prediagno-
sis psychiatric care on suicide mortality in patients with cancer51. 
Although individual primary studies (for example, Smailyte et al.52) 
identified age as additional possible risk factor for suicide in patients 
with cancer, we were unable to perform a summary analysis of age 
because of the large overlap of age categories between studies.

We were not able to evaluate physician-assisted death compared 
with suicidal death. Among the countries with specific data on 
suicide mortality in our meta-analysis, Switzerland and Australia 

were the only countries with legalized physician-assisted death 
(Switzerland since 2012, Australia since 2017). For Switzerland, 
only one primary study was available (Levi et al.15). The most recent 
primary study in Australia53 was conducted with patients recruited 
until 2007, before the change in legislation.

Depending on privacy restrictions and classification criteria of 
different national mortality databases, misreporting of suicides as 
cause of death cannot be excluded. The level of adjustment for con-
founders was not homogeneous across studies because some studies 
controlled for age and gender only, whereas other studies addition-
ally adjusted for marital status and ethnicity.

Due to limited availability of data from low-income countries, the 
present study is primarily generalizable to high-income countries. 
Creating a global literature base including low- and middle-income 
countries would help improve future analyses and allow a more 
comprehensive assessment of suicide among cancer patients.

Despite immense progress in cancer therapy and prognosis 
in the past decades, suicide remains an important cause of death 
in patients with cancer. Access to professional medical care and 
follow-up should therefore represent an integral component of any 
cancer therapy. Recognizing and attenuating the adverse psycholog-
ical impact of a cancer diagnosis may not only reduce suicide rates 
but also improve overall quality of life. The identification of patients 
at particular risk for suicide could increase the awareness of caregiv-
ers on this topic, which may lead to increased screening for suicidal-
ity and earlier involvement of specialized care. Completed suicides 
are usually preceded by suicidal thoughts or attempts. Future studies 
should focus on identifying risk factors for anxiety and depression 
preceding suicide to help develop suicide prevention strategies in 
patients with cancer. Intervention studies could quantify the effect 
of psychotherapy on the prevention of suicide in patients with can-
cer, including subgroup analyses by marital status, prognosis, cancer 
stage and comorbidities. A particular focus should be given to the 
role of psychiatric disorders such as depression preceding and fol-
lowing a cancer diagnosis. Future research should also focus on sui-
cide compared with assisted death and should address suicide rates 
for different cancer sites, treatment options and end-of-treatment 
situations. Furthermore, studies need to determine the cause of 
suicide among patients with cancer, that is, to distinguish between 
the wish for self-autonomy and severe depression. Also, the role 
and efficacy of pharmacological antidepressant treatment among 
patients with cancer with depressive symptoms have not been well 
studied, particularly in elderly patients54,55.

Screening for suicide, especially among patients with cancers 
with intermediate or high risk of suicide mortality, requires even 
quicker review and follow-up than for other symptoms of depres-
sion or anxiety, and should also be available in centers with low 
resource levels devoted to screening and biopsychosocial care56. 
Whereas a question on suicide is not included in the Distress 
Thermometer, a landmark tool for measuring the biopsychosocial 
impact of cancer and its treatment, and in other common measures 
to assess symptoms of anxiety and depression, such as the Hospital 
Anxiety and Depression Scale, few questionnaires screen for sui-
cidality, as, for example, the Patient Health Questionnaire 9 (ref. 57). 
There are important challenges in screening for suicide in a routine 
clinical encounter, including the still existing stigmatization around 
mental health and particularly suicide58 or the fear that reporting of 
suicidal ideation and planned self-harm could result in involuntary 
commitment of an individual. Suicidal attempts represent the most 
important risk factor for suicidal death. In up to 66% of patients 
dying by suicide, an antecedent communication of their intent 
could be observed59 and up to 45% of deaths by suicide were pre-
ceded by contacts with mental health and primary care providers60. 
The initial assessment of the acute danger of suicide is of particu-
lar importance61. Previous studies have shown that talking openly 
about suicidal thoughts and ideations reduces pressure and suicide 
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risks among affected patients62. Therefore, screening tools should 
be accompanied by personal interviews and early involvement of 
specialized care.

In conclusion, the current meta-analysis with systematic review 
identified an increased suicide mortality among patients with can-
cer compared with the general population. In addition, specific risk 
factors for suicide were determined, including cancer prognosis, 
cancer stage, time since cancer diagnosis and geographic region. 
These findings strongly imply the need for close medical observa-
tion strategies during clinical follow-up. Future research should 
focus on improving the quality of life of patients being given a 
cancer diagnosis, identifying early signs of suicide intentions and 
reducing short- and long-term risk of suicide not only for patients 
but also for communities and society as a whole.
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Methods
The present study was registered in PROSPERO (ID: CRD42021265254).

Search strategy, selection criteria and data extraction. We carried out a 
systematic literature search of English language articles on completed suicides 
in patients with cancer published from inception to February 2021 in Embase 
(Ovid), MEDLINE (Ovid), PsycInfo (EBSCOhost), Science Citation Index 
Expanded & Social Sciences Citation Index (Web of Science), CINAHL 
(EBSCOhost) and Google Scholar (Supplementary Table 5). We also screened 
the reference lists of included articles for additional studies. Our search 
strategy followed the recommendations of the Peer Review of Electronic Search 
Strategies (PRESS)63, the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA)64 and the Meta-analysis Of Observational Studies in 
Epidemiology (MOOSE) guidelines65. A PRISMA-S checklist is presented in 
Supplementary Table 6 (ref. 66).

Cancer was defined according to the International Classification of Disease 
(ICD)-10 (ref. 67) codes C00–C97 and suicide was defined according to the ICD-
10 codes X60–X84 (intentional self-harm) and Y87.0 (sequelae of intentional 
self-harm). We disregarded ICD-10 codes representing undetermined or 
nonclassifiable violent deaths. We included observational studies of patients with 
any diagnosis of cancer and noncancer individuals as a control group that analyzed 
death by suicide as the outcome, with suicide rates and published observed 
numbers of deaths or an SMR as risk estimate and corresponding 95% CIs. We 
did not include studies that presented ORs or hazard ratios because these risk 
estimates are typically compared with study-specific internal control groups and 
not with the general population. Studies in languages other than English were 
excluded to avoid translation bias. Cross-sectional studies were excluded due to 
their low validity and their lack of follow-up time after cancer diagnosis. Exclusion 
criteria of studies screened for full text are listed in Fig. 1. One case–control 
study21 met our inclusion criteria but was excluded to avoid bias by study-type 
heterogeneity. Where available, risk estimates were calculated using data from the 
primary studies.

The study selection process was performed independently by two authors 
(M.H. and L.H.) and disagreements were resolved by a third researcher (C.S.).  
The workflow and reasons for excluding articles are shown in the PRISMA- 
Flowchart (Fig. 1).

We extracted data about the first author, year of publication, study population 
size, number of suicide cases, geographic region, length of follow-up, tumor type, 
adjustment factors and SMRs and their CIs. If several models were reported, 
the most comprehensively adjusted model was used. If analyses were provided 
for both men and women, we considered genders separately. Study quality was 
assessed using the NOS68. Studies assigned seven or more points were classified 
as high-quality studies, whereas studies assigned fewer than seven points were 
considered to be moderate- to low-quality studies. More details about the methods 
are reported in the Supplementary Appendix.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

data availability
Data in the published article (and its Supplementary Information) have been 
presented where possible in aggregated form. Data from primary studies are 
publicly available within the databases listed in Supplementary Information. 
The datasets generated and/or analyzed during the current study are available 
from C.S. (by mail at Corinna.Seliger-Behme@med.uni-heidelberg.de) upon 
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Code availability
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Extended Data Fig. 1 | Forest plot of individual cancer sites of all studies included in the (a) systematic review and (B) meta-analysis, by magnitude 
of risk estimate. ISR

2 = 98.86% and IMA
2 = 99.03%, P-heterogeneity<0.0001. Abbreviations: SMR, standardized mortality ratio; CI, confidence interval; 

ISR
2, I2-statistic for systematic review; IMA

2, I2-statistic for meta-analysis. Squares depict SMR point estimates and error bars their corresponding 95% 
confidence intervals.
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Extended Data Fig. 2 | Forest plot of random effects meta-analysis including 62 cohort studies of suicide in cancer patients extracted from 
all databases. Studies are listed by magnitude of risk estimate and weighted by their contribution to the summary risk estimate. I2 = 99.55%, 
P-heterogeneity<0.0001. Abbreviations: SMR, standardized mortality ratio; CI, confidence interval; MF, men and women combined; M, men only; F, 
women only; RE, risk estimate. Squares depict SMR point estimates and error bars their corresponding 95% confidence intervals.
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Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Summary forest plot of cancer sites, by prognosis based on 62 studies. Good prognosis was defined as a 5-year survival rate of 
>90%; medium prognosis was defined as a 5-year survival rate of 50–90%; poor prognosis was defined as a 5-year survival rate of <50%. I2 = 99.00%, 
P-heterogeneity<0.0001. Abbreviations: SMR, standardized mortality ratio; CI, confidence interval; n, number of studies included in the analysis; cancer 
sites with n = 1 were not included in the analysis.
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Extended Data Fig. 4 | Summary forest plot of subgroup analyses of suicide in patients with cancer based on 62 studies. Abbreviations: SMR, 
standardized mortality ratio; CI, confidence interval; n, number of studies included in the analysis.
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Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | Funnel plot of random effects meta-analysis including 62 risk estimates of suicide in cancer patients. Two-sided P-value for 
Begg’s test = 0.42; Two-sided P-value for Egger’s test = 0.4239.
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Extended Data Fig. 6 | Suicide rates in the general population of countries included in the present meta-analysis, except taiwan (data not available). 
Data presented by country, from 1950 to 2005.
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