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Abstract
Purpose Whether treating prostate cancer survivors with a depressive disorder with antidepressants can affect their cancer 
outcomes is unknown. We evaluated the association between antidepressant use and prostate cancer recurrence, in survivors 
with comorbid depressive disorders.
Methods We conducted a longitudinal cohort study of 10,017 men with prostate cancer (stages I–II) diagnosed who also 
had a comorbid depressive disorder followed a maximum of 22 years, and examined rates of biochemical recurrence by 
antidepressant medication use. We conducted multivariable Cox models based on time-dependent antidepressant drug use 
status, and examined the risk of biochemical recurrence by cumulative duration of antidepressant use.
Results Of these 10,017 survivors, 1842 (18%) experienced biochemical recurrence over 69,500 person-years of follow-up. 
The prostate cancer biochemical recurrence rate was greater with antidepressant non-use (31.3/1000 person-years) com-
pared to antidepressant use (23.5/1000 person-years). In Cox proportional hazards multivariable adjusted models, non-use 
of antidepressants was associated with a 34% increased risk of biochemical recurrence compared to antidepressant use 
(HR = 1.34, 95% CI: 1.24–1.44). Longer use of antidepressants was associated with a lower biochemical recurrence risk (P 
trend test < 0.001).
Conclusion Untreated depressive disorders in prostate cancer patients may be associated with an increased risk of biochemi-
cal recurrence.

Keywords Prostate cancer · Depression · Recurrence · Antidepressants

Introduction

Nearly 200,000 men are diagnosed with prostate cancer 
annually in the USA, and the population of survivors has 
surpassed 3 million [1, 2]. In prostate cancer survivors, 
depression prevalence is about threefold higher as compared 
to the general community of men [3–5] and depression is 

thought to contribute to adverse cancer outcomes. Indeed, 
one study found that depression history predicted increased 
mortality in prostate cancer survivors regardless of whether 
the depression diagnosis was made before or after cancer 
diagnosis and treatment [6]. In addition, in those with other 
cancers, depression and depressive symptoms are associated 
with worse outcomes such as higher cancer recurrence rates, 
more comorbidities, and a higher mortality risk than those 
without depression [7–9].

Less is known if antidepressant treatment can mitigate 
these risks. In women with metastatic breast cancer, anti-
depressant treatment was found to reduce depressive symp-
tom severity over the first year after cancer diagnosis, and 
improvements in depression were associated with longer 
survival [9]. In 25 prostate cancer survivors, one small clini-
cal trial found that antidepressant medication treatment with 
monoamine oxidase inhibitor (MAOI) decreased prostate 
specific antigen (PSA) levels 12 weeks after therapy; how-
ever, that study could not ascertain recurrence risk due to 
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its short follow-up [10]. In sum, no large population-based 
studies have specifically evaluated if antidepressant use can 
reduce biochemical recurrence risk in prostate cancer sur-
vivors with comorbid depressive disorders.

As antidepressants remain the cornerstone of depression 
treatment [11, 12], the objective of this cohort study was 
to evaluate the association between reported antidepressant 
medication use and recurrence of prostate cancer as defined 
by American Urological Association (AUA) guidelines in a 
sample of 10,017 prostate cancer survivors with a comorbid 
depressive disorder. In addition, we evaluated if cumulative 
duration of antidepressant use was associated with a lower 
risk of recurrence.

Methods

Study design, subjects and setting

Subjects were identified from the Kaiser Permanente South-
ern California (KPSC) health plan, a not-for-profit integrated 
healthcare delivery system comprised 15 community hospi-
tals, over 220 medical offices and serving more than 4.7 mil-
lion members. Patients receive virtually all of their medical 
care, including pharmacy prescriptions, within this system 
and medical procedures and diagnoses outside of the system 
are captured from claims databases. Patients were identified 
using the health plan’s U.S. National Cancer Institute’s Sur-
veillance Endpoints & End Results (SEER)-affiliated cancer 
registry.

The inclusion criteria for this longitudinal cohort study 
included: (1) all adult men (≥ 18 years) newly diagnosed 
with early stage prostate cancer (American Joint Committee 
on Cancer [AJCC] TNM stages I-II) from January 1996 to 
June 2017 (n = 36,335), and (2) those with an documented 
comorbid depressive disorder in their electronic health 
records (EHR), inclusive of year prior to their prostate can-
cer diagnosis through end of follow-up, and (3) at least six 
months of follow-up post cancer diagnosis. A combination 
of three data sources were used to identify the earliest docu-
mented depressive disorder; and the depression must have 
appeared in two of the three data sources. If dates of the 
depressive disorder were different in these data sources, we 
used the earliest date. The three data sources were: (1) hav-
ing an inpatient or outpatient diagnostic code for a depres-
sive disorder in the patient’s EHR (ICD-9-Clinical Modifica-
tion [ICD-9-CM] 296.2, 296.3, 296.5, 296.6, 296.7, 298.0, 
301.10, 301.12, 301.13, 309.0, 309.1, 311 [13]) – ICD-9-CM 
codes from the inpatient database were prioritized over out-
patient database; (2) manual review of the current problem 

list within the patients’ EHR; and (3) manual review of doc-
umentation of a depressive disorder from a natural language-
assisted review of clinicians’ notes within the patients’ EHR. 
We prioritized the information garnered from chart review of 
clinicians’ notes, then the problem lists. No other exclusions 
were applied. A total of n = 10,017 men fit the criteria, and 
we followed them through study’s end, 31 December 2018 
(22 years maximum follow-up).

Prostate cancer biochemical recurrence

The main outcome, prostate cancer biochemical recurrence 
was based on the definitions of the American Urological 
Association (AUA) and the American Society for Thera-
peutic Radiology & Oncology (ASTRO) guidelines [14]. 
Briefly, these specifications define biochemical recurrence 
as occurring at least six months following the initial early 
stage prostate cancer diagnosis. This six-month window is 
based on the standard definitions of biochemical recurrence 
with prostate-specific antigen (PSA) data, which published 
reports agree are reliable in detecting early disease recur-
rence [15, 16]. Using this six-month window, the definition 
is further divided by type of prostate cancer treatment the 
patient receives. These treatment-based definitions are as 
follows [15]. For those who underwent radical prostatec-
tomy, biochemical recurrence was defined as: (1) two con-
secutive PSA values ≥ 0.2 ng/ml at least six months after 
initial surgery date, or (2) a second treatment initiated six 
months or more after initial surgery date. For those who 
underwent radiation therapy (external beam or brachyther-
apy), biochemical recurrence was defined as either: (1) a rise 
in PSA by ≥ 2 ng/ml above the PSA nadir, or (2) a second 
treatment initiated six months or more after the initial radia-
tion therapy. For those who received hormonal therapy, bio-
chemical recurrence was defined as either: (1) three consecu-
tive rising PSA values after initiation of hormonal therapy, 
(2) or a second treatment initiated six months or more after 
the initial hormonal therapy. For those who elected active 
surveillance or watchful waiting, which we defined as initi-
ating no treatment within one year of the patient’s prostate 
cancer diagnosis, prostate cancer biochemical recurrence 
was defined as either: (1) three consecutive rising PSA val-
ues starting at least one year after diagnosis, or (2) a single 
value of at least 2 ng/mL above the PSA level at the time of 
diagnosis at least one year after diagnosis, or (3) initiation 
of treatment six months or more after the initial prostate 
cancer diagnosis. We used the earliest identified outcome 
as the date of the biochemical recurrence.

Antidepressant use

We examined antidepressant use starting from the drug’s 
date of initiation post prostate cancer diagnosis until the 
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earliest of one of the study endpoints (biochemical recur-
rence; disenrollment from health plan; death; study’s end in 
December 2018). Antidepressant use was extracted from the 
health plan’s pharmacy dispensing records; data elements 
included the drug names, initiation date, and days supplied. 
The study antidepressants were the following: selective 
serotonin reuptake inhibitors (SSRI); serotonin antagonist 
and reuptake inhibitors (SARIs); serotonin modulator and 
stimulators (SMS); serotonin modulator and stimulators 
(SNRI); monoamine oxidase inhibitors (MOAIs); norepi-
nephrine-dopamine reuptake inhibitors (NRI, NDRI); and 
tricyclic and tetracyclic antidepressants (TCA, TECA). We 
also searched for psychotherapy CPT-4 codes in the admin-
istrative and claims databases (e.g., 90832, 90834, 90837, 
90838); however, we found few instances of psychotherapy 
(talk therapy) in the EHR.

Covariates

We captured the following covariates: age; stage; and year 
of prostate cancer diagnosis; baseline PSA; Gleason score; 
race/ethnicity; geocoded median household income (based 
on 2010 U.S. Census at the block level); body mass index 
(kg/m2) closest to prostate cancer diagnosis; smoking 
and alcohol misuse during follow-up (ICD-9-CM codes: 
303.90–93 and 305.00–305.03); Charlson Comorbid-
ity Index in the one-year before prostate cancer diagnosis 
using the Deyo method [16, 17]; anxiety disorder history 
(ICD-9-CM 293.84, 300.0, 300.01, 300.02, 300.09, 308); 
anti-anxiety medication use (alprazolam; chlordiazepoxide; 
clonazepam; diazepam; lorazepam); and prostate cancer 
treatment type [radiotherapy; hormonal (androgen depriva-
tion therapy); watchful waiting/active surveillance; surgery 
(prostatectomy). Statin and metformin use during follow-up 
were also captured. We also accounted for annualized out-
patient office visits because patients with more clinic visits 
might have had a greater likelihood of being diagnosed with 
biochemical recurrence or depressive disorders.

Statistical analysis

In descriptive analyses, we examined the frequencies and 
proportions of all covariates initially by ever antidepressant 
use. P-values for assessing the differences were conducted 
using Chi-square tests for categorical variables and the Wil-
coxon-Mann–Whitney test for continuous variables. Due to 
the varying lengths of patients’ follow-up time, we computed 
incidence rates of biochemical recurrence by antidepressant 
use status. Crude and adjusted hazards ratios and correspond-
ing 95% confidence intervals for biochemical recurrence 
risk were computed using Cox proportional hazard models, 
and antidepressant use was treated as time-dependent vari-
ables in the multivariable models. In these analyses, patients’ 

antidepressant use was tracked starting from date of drug ini-
tiation after prostate cancer diagnosis until the earliest study 
endpoint. The multivariable models accounted for the afore-
mentioned covariates including sociodemographics, year of 
diagnosis, hospital, tumor stage, tumor characteristics and 
treatment, ADT, comorbidity status, smoking and alcohol 
misuse, anxiety, antipsychotic medication use, use of statin 
and metformin, annualized number of outpatient visits, and 
hospital. All medications, including ADT, we handled as time-
varying variables in the multivariable models. Final models 
were selected based on the combination of goodness of fit, 
assessment of collinearity among covariates, and clinical fac-
tors associated with both biochemical recurrence and antide-
pressant use. There was a relatively low percentage of missing 
values of the covariates, therefore, missing values (< 2% for 
most variables) were handled as an additional category in all 
models. This was decided based on a complete-case assess-
ment, restricting the analysis to individuals with no missing 
covariate data. Given there were no material differences in 
these two approaches, we presented the results based on the 
full cohort. The proportional hazard assumption was evalu-
ated by assessing interactions between covariates with time 
and with Schoenfeld residuals; no significant violations were 
found. We conducted stratified models to determine whether 
the association between antidepressant use and recurrence risk 
differed by the initial cancer treatment (surgery; hormonal; 
radiation; watchful waiting/active surveillance). We also con-
ducted additional sensitivity analyses to assess the robustness 
of the multivariable results of the association between antide-
pressant use and biochemical recurrence on the subset of men 
who had grade codes (proxy of Gleason scores), baseline PSA, 
and statin and metformin use (n = 6,396).

Additionally, we conducted another analysis to examine 
risk of biochemical recurrence by cumulative duration (total 
days supplied prior to patients’ earliest study endpoint) in 
the subset of men who used antidepressants (n = 5,931). 
P-values for trend were calculated with the Cochran Man-
tel–Haenszel test. All analyses were performed using SAS 
9.4 (SAS Institute Inc).

Results

Demographic and clinical characteristics

In the 10,017 prostate cancer survivors with documented 
depressive disorders, 5931 (59%) used antidepressants dur-
ing study follow-up (Table 1). Records of depressive dis-
order diagnoses were mainly found after prostate cancer 
diagnosis (96%), and only 4% of the men had depression 
disorder at baseline (at time of prostate cancer diagnosis and 
up to one year prior). Among men aged 65–80 years at the 
time of prostate cancer diagnosis, 62% used antidepressant 
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medication compared to 55% in those aged 30–64 years 
(P < 0.0001). Men of color (i.e., Hispanic men [53%] and 
African American men [56%]) were less likely to use anti-
depressant medication compared to non-Hispanic white men 
(62%) (P = 0.0001). We found no significant differences 
in the antidepressant use by geocoded median household 
income (P < 0.09), nor by anxiety status, or at the time of 
prostate cancer diagnosis (p = 0.25). Men who used anti-
depressants were more likely to have been diagnosed with 
stage II disease (60%) compared with stage I disease (54%) 
and undergo prostatectomy, compared to men who did not 
use antidepressants, respectively (P < 0.05 for all variables). 
Antidepressant medication users were also more likely to 
be current smokers (66%) compared to non-antidepressant 
users (34%), as well as report alcohol misuse (P < 0.001 for 
both variables). Men who used antidepressants had a higher 
Charlson Comorbidity Index (P = 0.001), more likely to 
have had surgery or radiation (P < 0.001), and had a higher 
median annualized numbers of outpatient visits (17 visits, 
interquartile range [IQR]: 11–25 visits) compared with 
non-antidepressant users (15 visits, IQR: 10–23 visits) 
(p < 0.001).

Table 2 presents the distribution of antidepressant classes 
by the number of prescriptions and number of men who 
used antidepressants during study follow-up (n = 5931). 
As expected, the most common class were SSRIs (46%) 
followed TCA (22%) when examining the distribution by 
prescription type (left panel), and patients used multiple 
classes of antidepressants (right panel); thus, the total per-
cent exceed 100% for both units of measurement. Overall, 
the mean cumulative duration of any antidepressant use was 
2.42 years (median:1.32 years; IQR: 200 days-3.3 years).

The cohort was followed a maximum of 22  years 
(median: 6.2 years; IQR: 2.8–10.5 years). Over the 69,500 
person-years of follow-up, a total of 1842 men developed 
biochemical recurrence. The biochemical recurrence rate 
was higher for antidepressant non-use: 31.3/1000 person-
years, compared to antidepressant use: 23.5/1000 person-
years (Table 3).

In the multivariable adjusted Cox proportional hazards 
model, treating antidepressant use as time-varying, the bio-
chemical recurrence risk for antidepressant non-use was 
34% higher (adjusted HR = 1.34, 95% CI: 1.24–1.44) than 
for antidepressant use after adjusting for age; stage and 
year of prostate cancer diagnosis; baseline PSA; Gleason 
score; race/ethnicity; geocoded median household income; 
comorbidity status; body mass index; anxiety history; use 
of anti-anxiety medications; smoking and alcohol misuse; 
statin and metformin use; and annualized outpatient office 
visits (Table 4). The increased risk of biochemical recur-
rence persisted even after stratifying the results by type of 
initial prostate cancer treatment. For example, in men who 
underwent surgery, the biochemical recurrence risk was 56% 

higher for antidepressant non-use compared to use (adjusted 
HR = 1.56, 95% CI: 1.34–1.81). In men who selected watch-
ful waiting/active surveillance, the biochemical recurrence 
risk was 23% greater for antidepressant non-use compared 
to use (adjusted HR = 1.23, 95% CI: 1.08–1.39). In those 
treated with hormonal therapy (androgen deprivation ther-
apy), we observed a 38% higher risk (adjusted HR = 1.38, 
95% CI: 1.19–1.) for antidepressant non-use compared to 
use.

In a subset of n = 6396 men with known grade group 
(proxy for Gleason score), baseline PSA, statin and met-
formin use, the hazards ratio (adjusted HR = 1.38, 95% CI: 
1.27–1.51) was similar to that of the full cohort based on 
n = 10,017 men (adjusted HR = 1.34, 95% CI: 1.24–1.44), 
again suggesting that antidepressant non-use was still associ-
ated with an increased risk of biochemical recurrence/pro-
gression risk (data not shown).

In another analysis, we examined the risk of biochemi-
cal recurrence by cumulative duration of antidepressant 
use in the subset of n = 5931 men exposed to such medi-
cations (Table  5). The risk of biochemical recurrence 
decreased with longer duration (days supplied) of antide-
pressant use; for example, compared to those who used 
antidepressants ≤ 1 year, the risk of biochemical was 67% 
lower in those who used antidepressants > 3 years (adjusted 
HR = 0.33 [0.27–0.40]) even after adjustment for the afore-
mentioned covariates. Moreover, the test for trend by num-
ber of years of use was statistically significant, P < 0.001.

Discussion

In the diverse cohort of 10,017 prostate cancer patients 
cared with documented depressive disorders followed 
over 20 years, the overall rate of prostate cancer bio-
chemical recurrence was higher for antidepressant non-
use (31.2/1000 person-years) compared to antidepressant 
use (23.5/1000 person-years). This corresponded to a 
34% higher biochemical recurrence risk for antidepres-
sant non-use compared to use (adjusted HR = 1.34, 95% 
CI:1.24–1.44). Further, this increased risk was observed 
in all prostate cancer primary treatment groups (surgery, 
radiation, hormonal, and watchful waiting/active surveil-
lance) even after accounting for demographics, comorbid-
ity status, tumor characteristics, lifestyle variables, and 
healthcare utilization. Moreover, the biochemical recur-
rence risk decreased by longer cumulative duration of 
antidepressant use in the subset of men exposed to such 
medications.

These findings have public health implications and 
demonstrate that prostate cancer survivors should be pri-
oritized for depression screening and treatment of depres-
sive disorders, given that early recognition and treatment 
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Table 1  Demographics and clinical characteristics of prostate cancer survivors with depressive disorders by antidepressant use (n = 10,017)

Antidepressants No Antidepressants P-value Total

n = 5,931 n = 4,086 n = 10,017

N % N % N %

Age at Prostate Cancer Dx (yrs)  < .0001
 30–49 199 3.4 188 4.6 387 3.9
 50–64 2,201 37.1 1,738 42.5 3,939 39.3
 65–80 3,083 52.0 1,876 45.9 4,959 49.5
 80 + 448 7.6 284 7.0 732 7.3

Race/Ethnicity  < .0001
 Non-Hispanic White 3,885 66.6 2,435 60.8 6,320 64.3
 Hispanic 787 13.5 682 17.0 1,469 15.0
 African American/Black 878 15.1 689 17.2 1,567 16.0
 Asian/Pacific Islander 280 4.8 197 4.2 477 4.9
 Other/Unknown 101 n/a 83 n/a 184 n/a

Geocoded Median Household Income 0.09
 Lower 25% 1,364 23.5 1,010 25.2 2,374 24.2

  > 25–50% 1,458 25.1 961 24.0 2,419 24.6
  > 50–75% 1,463 25.2 1,048 26.2 2,511 25.6
 Top 25% 1,531 26.3 985 24.6 2,516 25.6
 Unknown/Missing 115 n/a 82 n/a 197 n/a

Anxiety 0.25
 No 5,206 87.8 3,555 87.0 8,761 87.5
 Yes 725 12.2 531 13.0 1,256 12.5

Charlson Comorbidity Index 0.001
 0 3,320 56.9 2,381 59.6 5,701 58.0
 1 to 2 1,734 29.7 1,142 28.6 2,876 29.3
 3 + 785 13.4 470 11.8 1,255 12.7
 Unknown/Missing 92 n/a 93 n/a 185 n/a

Body mass index (kg/m2) 0.0013
 Underweight (< 18.5) 22 0.7 12 0.5 34 0.6
 Healthy (18.5–24.9) 650 19.7 545 22.7 1,195 21.0
 Overweight (25.0–29.0) 1,490 45.2 1,052 43.8 2,542 44.6
 Obese (> 30.0) 1,136 34.5 792 33.0 1,928 33.8
 Unknown/Missing 2,633 n/a 1,685 n/a 4318 n/a

Smoking  < .0001
 Never smoker 2,762 50.4 1,972 55.7 4,734 52.5
 Current smoker 646 11.8 326 9.2 972 10.8
 Former smoker 2,075 37.8 1,240 35.1 3,315 36.8
 Unknown/Missing 448 n/a 548 n/a 996 n/a

Alcohol misuse  < .0001
 No 3,033 56.4 1,903 54.4 4,936 55.6
 Yes 2,348 43.6 1,598 45.6 3,946 44.4
 Unknown/Missing 550 n/a 585 n/a 1,135 n/a

Stage at PC diagnosis 0.0003
 Stage I 660 11.1 552 13.5 1,212 12.1
 Stage II 5,271 88.9 3534 86.5 8,805 87.9

Prostate cancer treatment  < .0001
 Surgery (Prostatectomy) 2,419 40.8 1,531 37.5 3,950 39.4
 Hormonal Therapy 556 9.4 420 10.3 976 9.8
 Radiation 1,207 20.4 733 18.0 1,940 19.4
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has the potential to influence prostate cancer recurrence 
risk. Furthermore, given that adherence to antidepressant 
medications is frequently poor, further research on whether 
monitoring adherence can potentially affect prostate cancer 
recurrence is needed. Dissemination of the favorable influ-
ence of antidepressant medications on prostate cancer recur-
rence, as well as depression outcomes, has the potential to 
increase clinician and patient awareness and improve adher-
ence to antidepressant medication treatment.

A potential mechanism for our findings is that depression 
may increase biochemical recurrence risk through behav-
ioral changes. For example, men with depression are at a 
greater risk of non-adherence to prescribed medications or 
healthcare provider treatment recommendations, or they may 
engage in fewer positive health behaviors [18]. Thus, these 

behavioral changes can lead to significant depression-asso-
ciated morbidity (e.g., decreased treatment effectiveness, 
increased number of cancer-related complications, and/or 
the development of additional comorbidities [19–24] and 
mortality, which may also accelerate biochemical recur-
rence. Depression is associated with poor diet and lower 
physical activity, which are also risk factors for biochemi-
cal recurrence [25]. In all, the high depression prevalence 
among men diagnosed with early stage prostate cancer, and 
the negative consequent behavioral changes, warrants further 
examination of depression as a possible modifiable risk fac-
tor for altering prostate cancer outcomes.

Additionally, proposed biologic pathways underly-
ing prostate cancer biochemical recurrence are similar to 
molecular changes associated with depression, and include 

Table 1  (continued)

Antidepressants No Antidepressants P-value Total

n = 5,931 n = 4,086 n = 10,017

N % N % N %

 Watchful waiting/active surveillance 1,749 29.5 1,402 34.3 3,151 31.5
Year of PCa diagnosis  < .0001
 1996–1999 614 10.4 513 12.6 1,127 11.3
 2000–2004 1,696 28.6 965 23.6 2,661 26.6
 2005–2009 1,929 32.5 1,260 30.8 3,189 31.8
 2010–2014 1,260 21.2 1,008 24.7 2,268 22.6
 2015–2017 432 7.3 340 8.3 772 7.7

Annualized no. of outpatient visits  < .0001
Median (IQR) 16.9 11.3–25.4 14.9 9.6–22.8

Antidepressants No Antidepressants P-value Total
Subset* n = 3,764 n = 2,632 n = 6,396

N % N % N %
PSA baseline (quartiles)  < 0.502
 Lower 25% 981 26.1 713 27.1 1,694 26.5

  > 25–50% 965 25.6 682 25.9 1,647 25.8
  > 50–75% 915 24.3 647 24.6 1,562 24.5
 Top 25% 903 24.0 590 22.4 1,493 23.4

Grade  groupa 0.29
 1 2,062 54.8 1,455 55.3 3,517 55.0
 2 1,322 35.1 942 35.8 2,264 35.4
 3 380 10.1 235 8.9 615 9.6

Metformin  < .0001
 Yes 516 13.7 260 9.9 776 12.1
 No 3,248 86.3 2,372 90.1 5,620 87.9

Statins  < .0001
 Yes 2,024 53.8 1,203 45.7 3,227 50.5
 No 1,740 46.2 1,429 54.3 3,169 49.5

*Based on subset of n = 6,396 subjects with information on these variables: Grade group/Gleason score; PSA at baseline; metformin and statin 
use
a Grade group maps to Gleason scores: Grade code 1 = Gleason sore ≤ 6; Grade code 2 = Gleason score 7; Grade code 3 = Gleason score 8–10
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chronic inflammation [24, 26–31]; DNA damage [32–37]; 

telomere shortening [38–42]; and genomic and epigenetic 
alterations [43, 44]. Combined, this indirectly suggests that 
depression treatment with antidepressants (which reduce 
pro-inflammatory cytokines) may affect cancer recurrence 
risk and warrants further investigation with clinical data.

Our study has several strengths. The maximum study 
follow-up was over 20 years, and the cohort was diverse; 
35% of the group included African American/Black, His-
panic or Asian/Pacific Islander men similar to California’s 

Table 2  Distribution of 
psychiatric drugs use in the 
subset of prostate cancer 
survivors treated with such 
medications during follow-up 
(n = 5931 men)

*Alprazolam; chlordiazepoxide; clonazepam; diazepam; lorazepam
**Not mutually exclusive; exceeds 100%

N % N** %**
Unit of  
observation = prescription

Unit of observa-
tion = subject

Anti-anxiety drugs* 5,999 6.6 1,046 17.6
Antidepressants
 Monoamine oxidase inhibitors 360 0.4 32 0.5
 Norepinephrine dopamine reuptake inhibitor/ 

Norepinephrine reuptake inhibitor
8,551 9.3 962 16.2

 Serotonin antagonist and reuptake inhibitors 89 0.1 14 0.2
 Serotonin modulator and stimulator 144 0.2 8 0.1
 Serotonin and norepinephrine reuptake inhibitors 6,704 7.3 834 14.1
 Selective serotonin reuptake inhibitors 41,652 45.5 3,623 61.1
 Tricyclic antidepressants 20,112 22.0 2,679 45.2
 Tetracyclic antidepressants 4,835 5.3 707 11.9
 Other 3,113 3.4 406 6.9

TOTAL 91,559 100.0 10,311 173.9

Table 3  Biochemical recurrence in 10,017 prostate cancer survivors 
by antidepressant use

Biochemical 
recurrence (N)

Person-years Rate per 
1,000 
PYs

All men (n = 10,017)
Antidepressant use 992 42,311 23.45
Antidepressant non-use 850 27,191 31.26

Table 4  Overall and adjusted 
risk of prostate cancer 
progression by prostate cancer 
treatment and antidepressant use

*Adjusted for all variables in Table 1 including medical center

All men (n = 10,017) Overall HR Adjusted HR

HR 95% CI HR* 95% CI

Antidepressant use 1.00 (ref) 1.00 (ref)
Antidepressant non-use 1.14 1.06 1.22 1.34 1.24 1.44
Surgery (n = 3950)
 Antidepressant use 1.00 (ref) 1.00 (ref)
 Antidepressant non-use 1.27 1.10 1.46 1.56 1.34 1.81

Hormonal (n = 976)
 Antidepressant use 1.00 (ref) 1.00 (ref)
 Antidepressant non-use 1.14 1.00 1.31 1.38 1.19 1.60

Radiation (n = 1940)
 Antidepressant use 1.00 (ref) 1.00 (ref)

Antidepressant non-use 1.17 1.01 1.36 1.26 1.07 1.47
Watchful waiting/Active surveillance 

(n = 3151)
 Antidepressant use 1.00 (ref) 1.00 (ref)
 Antidepressant non-use 1.07 0.95 1.20 1.23 1.08 1.39
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distribution. This enhances the study’s generalizability. 
Importantly, we conducted additional analyses based on 
initial prostate cancer treatment groups to address the fact 
that antidepressant use could make more of a difference 
for patients on active surveillance/watchful waiting where 
depression might affect their compliance with cancer sur-
veillance more so than for patients who underwent surgery. 
Further, the analysis based on the subset of n = 5931 men 
who used antidepressants demonstrated that longer cumu-
lative duration of antidepressant use was associated with 
lower risk of biochemical recurrence; this enhances the bio-
logic plausibility of the association. Study medication use 
was extracted from pharmacy dispensing records mitigating 
recall bias. Further, patients had similar healthcare access in 
this managed care organization, and therefore, bias result-
ing from variable medical coverage was reduced. We were 
able to account for multiple covariates rarely accounted for 
in prior studies, such as cancer treatments, tumor charac-
teristics, comorbidity, and sociodemographics, which were 
captured from electronic health records. We also adjusted for 
annualized outpatient office visits because men with more 
clinic visits might have had a greater likelihood of being 
diagnosed with biochemical recurrence or depressive dis-
orders. Also, we handled pharmacy data as time-dependent 
variables in the main multivariable model to address immor-
tal time bias. All these features enhanced our study design.

Certain limitations also need consideration. Although 
this was an observational study, the cohort was longitudi-
nally followed a maximum of 22 years, and we considered 
a comprehensive set of covariates. Thus, unlike randomized 
clinical trials that are susceptible to disenrollment, we were 
able to track patients for a long period. While other clas-
sifications for prostate cancer recurrence exist, we selected 
definitions based on the AUA and ASTRO which were 
employed in other major urologic studies [14, 15]. Fur-
ther, although we used the AUA’s definition of biochemi-
cal recurrence that did not distinguish between rising PSA 
or additional treatment, we cannot fully hypothesize on 
the mechanisms how antidepressant use and depression 

influence prostate cancer outcomes; however, our applica-
tion of this definition of biochemical recurrence has been 
applied in several publications [45–52]. Additionally, 
because we did not find records on depression severity nor 
on psychotherapy (“talk therapy”) utilization in this health 
plan, we cannot address if or behavioral health interventions 
may also reduce the possible depression-induced risk of 
biochemical recurrence. Another limitation is that we could 
not examine the biochemical risk by individual antidepres-
sant drug classes due to the potential low numbers of recur-
rences for some of these classes. Even larger cohorts are 
needed to confirm the individual effects of the antidepres-
sants, and if the association between non-use of antidepres-
sants and biochemical recurrence risk is stronger in men 
with more severe depressive disorders. Residual confound-
ing from physical activity is possible; however, we con-
trolled for body mass index, which may be a proxy. Further, 
studying effect of various combinations of the nine types of 
antidepressants, their heterogeneous biologic mechanisms, 
and mechanisms following drug switching was beyond the 
scope of this study.

In summary, only 60% of prostate cancer survivors with 
documented depressive symptoms received antidepressant 
therapy in this managed care system; this is consistent with a 
recent meta-analysis that determined half of cancer patients 
who screen positive for depressive symptoms undergo phar-
macologic treatment [53]. Further, this is the first large pop-
ulation-based observational study to suggest that untreated 
depressive disorders in prostate cancer survivors is associ-
ated with an increased risk of biochemical recurrence. Anti-
depressant medications are not appropriate for all patients. 
Even though both pharmaceutical and non-pharmacological 
treatments are available, antidepressants are used more fre-
quently than psychological interventions given inadequate 
resources in managed care organizations. Notwithstanding 
the study’s limitations, our findings highlight that depres-
sion screening is needed as a part of cancer survivorship 
care plans given that early identification of depression and 
its treatment (via medications, psychotherapy, or other 

Table 5  Risk of biochemical 
recurrence by cumulative 
duration of antidepressant 
use in men treated with 
antidepressants (n = 5931 
subset)

*Adjusted for variables listed in Table 1

Biochemical recurrence No recurrence Crude Adjusted

Cumulative duration 
of antidepressant use

n = 992 n= 4939 HR (95% CI) HR (95% CI)*

 < 1 year 483 2016 1.00 (ref) 1.00 (ref)
 > 1–2 years 254 894 1.21 (1.04–1.44) 1.09 (0.93- 1.27)
 > 2–3 years 108 550 0.79 (0.64–0.97) 0.70 (0.57- 0.87)
 > 3 years 147 1479 0.34 (0.28–0.41) 0.33 (0.27- 0.40)

P test for trend < 0.001
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behavioral interventions) has the potential to improve both 
depression and cancer outcomes.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by RH, LHC, and JS. The first draft of the manuscript was 
written by RH, SR, LHC, MRI, and JS. All authors commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding This project was supported by the U.S. National Cancer Insti-
tute at the National Institutes of Health, grant number R03CA219447. 
The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of 
Health. The funder had no role in the study.

Data availability The study datasets are available upon reasonable 
request. De-identified data are available from the corresponding author. 
Data use agreements may be required.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval This retrospective study was reviewed and approved 
by the internal review board of the Kaiser Permanente. The IRB waived 
the right to obtain written or verbal consent.

Consent to participate The KPSC IRB waived the right to obtain writ-
ten or verbal consent due to the de-identified nature of the dataset.

Consent to publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. American Cancer Society Cancer Facts and Figures 2020. (https:// 
www. cancer. org/ resea rch/ cancer- facts- stati stics/ all- cancer- facts- 
figur es/ cancer- facts- figur es- 2020. html) Accessed January 28, 
2021.

 2. 2016 SEER Cancer Statistics FactSheet: Prostate Cancer. National 
Cancer Institute. Bethesda, MD. (http:// seer. cancer. gov/ statf acts/ 
html/ prost. html)

 3. Sharpley CF, Christie DRH, Bitsika V (2020) Depression and 
prostate cancer: Implications for urologists and oncologists. Nat 
Rev Urol 17:571–585

 4. Watts S, Leydon G, Birch B et al (2014) Depression and anxi-
ety in prostate cancer: a systematic review and meta-analysis of 
prevalence rates. BMJ Open 4:e003901

 5. Lin PH, Liu JM, Hsu RJ et  al (2018) Depression negatively 
impacts survival of patients with metastatic prostate cancer. Int J 
Environ Res Public Health 15:2148

 6. Satin JR, Linden W, Phillips MJ (2009) Depression as a predic-
tor of disease progression and mortality in cancer patients: a 
meta-analysis. Cancer 115(22):5349–5361. https:// doi. org/ 10. 
1002/ cncr. 24561

 7. Raison CL, Miller AH (2003) Depression in cancer: New devel-
opments regarding diagnosis and treatment. Biol Psychiatry 
54:283–294

 8. Pinquart M, Duberstein PR (2010) Depression and cancer mor-
tality: a meta-analysis. Psychol Med 40:1797–1810

 9. Lee M, Jim HS, Fishman M et al (2015) Depressive symp-
tomatology in men receiving androgen deprivation therapy 
for prostate cancer: a controlled comparison. Psychooncology 
24:472–477

 10. Gross ME, Agus DB, Dorff TB et al (2020) Phase 2 trial of 
monoamine oxidase inhibitor phenelzine in biochemical recur-
rent prostate cancer. Prostate Cancer Prostatic Dis. https:// doi. 
org/ 10. 1038/ s41391- 020- 0211-9

 11. Corey-Lisle PK, Nash R, Stang P, Swindle R (2004) Response, 
partial response, and nonresponse in primary care treatment of 
depression. Arch Intern Med 164(11):1197–1204. https:// doi. 
org/ 10. 1001/ archi nte. 164. 11. 1197

 12. Colleoni M, Mandala M, Peruzzotti G, Robertson C, Bredart A, 
Goldhirsch A (2000) Depression and degree of acceptance of 
adjuvant cytotoxic drugs. Lancet 356(9238):1326–1327

 13. Prasad SM, Eggener SE, Lipsitz SR, Irwin MR, Ganz PA, Hu JC 
(2014) Effect of depression on diagnosis, treatment, and mortal-
ity of men with clinically localized prostate cancer. J Clin Oncol 
32:2471–2478

 14. Cookson MS, Aus G, Burnett AL et al (2007) Variation in the 
definition of biochemical recurrence in patients treated for 
localized prostate cancer: the American Urological Association 
Prostate Guidelines for Localized Prostate Cancer Update Panel 
report and recommendations for a standard in the reporting of 
surgical outcomes. J Urol 177:540–545

 15. Freedland SJ, Humphreys EB, Mangold LA et al (2005) Risk of 
prostate cancer-specific mortality following biochemical recur-
rence after radical prostatectomy. JAMA 294:433–439

 16. Amling CL, Bergstralh EJ, Blute ML, Slezak JM, Zincke H 
(2001) Defining prostate specific antigen progression after radi-
cal prostatectomy: what is the most appropriate cut point. J Urol 
165(4):1146–1151

 17. Deyo RA, Cherkin DC, Ciol MA (1992) Adapting a clinical 
comorbidity index for use with ICD-9-CM administrative data-
bases. J Clin Epidemiol 45:613–619

 18. Quan H, Sundararajan V, Halfon P et al (2005) Coding algo-
rithms for defining comorbidities in ICD-9-CM and ICD-10 
administrative data. Med Care 43:1130–1139

 19. DiMatteo MR, Lepper HS, Croghan TW (2000) Depression is 
a risk factor for noncompliance with medical treatment: meta-
analysis of the effects of anxiety and depression on patient 
adherence. Arch Intern Med 160:2101–2107

 20. Jayadevappa R, Malkowicz SB, Chhatre S, Johnson JC, Gallo JJ 
(2012) The burden of depression in prostate cancer. Psychoon-
cology 21:1338–1345

 21. Arrieta O, Angulo LP, Nunez-Valencia C et al (2013) Asso-
ciation of depression and anxiety on quality of life, treatment 
adherence, and prognosis in patients with advanced non-small 
cell lung cancer. Ann Surg Oncol 20:1941–1948

http://creativecommons.org/licenses/by/4.0/
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2020.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2020.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2020.html
http://seer.cancer.gov/statfacts/html/prost.html
http://seer.cancer.gov/statfacts/html/prost.html
https://doi.org/10.1002/cncr.24561
https://doi.org/10.1002/cncr.24561
https://doi.org/10.1038/s41391-020-0211-9
https://doi.org/10.1038/s41391-020-0211-9
https://doi.org/10.1001/archinte.164.11.1197
https://doi.org/10.1001/archinte.164.11.1197


1372 Cancer Causes & Control (2022) 33:1363–1372

1 3

 22. Jacobsen PB, Andrykowski MA (2015) Tertiary prevention in 
cancer care: understanding and addressing the psychological 
dimensions of cancer during the active treatment period. Am 
Psychol 70:134–145

 23. Chipperfield K, Fletcher J, Millar J et al (2013) Factors associ-
ated with adherence to physical activity guidelines in patients 
with prostate cancer. Psychooncology 22:2478–2486

 24. Smith SG, Sestak I, Forster A et al (2016) Factors affecting uptake 
and adherence to breast cancer chemoprevention: a systematic 
review and meta-analysis. Ann Oncol 27:575–590

 25. Ng A, Tam WW, Zhang MW et al (2018) IL-1β, IL-6, TNF- α and 
CRP in elderly patients with depression or Alzheimer’s disease: 
systematic review and meta-analysis. Sci Rep 8:12050

 26. Peisch SF, Van Blarigan EL, Chan JM, Stampfer MJ, Kenfield SA 
(2017) Prostate cancer progression and mortality: a review of diet 
and lifestyle factors. World J Urol 35(6):867–874. https:// doi. org/ 
10. 1007/ s00345- 016- 1914-3

 27. Aldea M, Craciun L, Tomuleasa C, Crivii C (2014) The role of 
depression and neuroimmune axis in the prognosis of cancer 
patients. J BUON 19:5–14

 28. Pierce BL, Ballard-Barbash R, Bernstein L et al (2009) Elevated 
biomarkers of inflammation are associated with reduced survival 
among breast cancer patients. J Clin Oncol 27:3437–3444

 29. White J, Kivimaki M, Jokela M, Batty GD (2017) Association of 
inflammation with specific symptoms of depression in a general 
population of older people: the english longitudinal study of age-
ing. Brain Behav Immun 61:27–30

 30. Jokela M, Virtanen M, Batty GD, Kivimaki M (2016) Inflam-
mation and specific symptoms of depression. JAMA Psychiat 
73:87–88

 31. Miller AH, Raison CL (2016) The role of inflammation in depres-
sion: from evolutionary imperative to modern treatment target. 
Nat Rev Immunol 16:22–34

 32. Byrne ML, Whittle S, Allen NB (2016) The role of brain structure 
and function in the association between inflammation and depres-
sive symptoms: a systematic review. Psychosom Med 78:389–400

 33. Jezierska-Drutel A, Rosenzweig SA, Neumann CA (2013) Role of 
oxidative stress and the microenvironment in breast cancer devel-
opment and progression. Adv Cancer Res 119:107–125

 34. Liu T, Zhong S, Liao X et al (2015) A meta-analysis of oxidative 
stress markers in depression. PLoS ONE 10:e0138904

 35. Bakunina N, Pariante CM, Zunszain PA (2015) Immune mecha-
nisms linked to depression via oxidative stress and neuroprogres-
sion. Immunology 144:365–373

 36. Vavakova M, Durackova Z, Trebaticka J. 2015 Markers of oxida-
tive stress and neuroprogression in depression disorder. Oxid Med 
Cell Longev. 898393

 37. Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BW (2015) 
Is depression associated with increased oxidative stress? A sys-
tematic review and meta-analysis. Psychoneuroendocrinology 
51:164–175

 38. Verhoeven JE, Revesz D, Epel ES, Lin J, Wolkowitz OM, Penninx 
BW (2014) Major depressive disorder and accelerated cellular 
aging: results from a large psychiatric cohort study. Mol Psychia-
try 19:895–901

 39. Lu L, Zhang C, Zhu G et al (2011) Telomerase expression and tel-
omere length in breast cancer and their associations with adjuvant 
treatment and disease outcome. Breast Cancer Res 13:R56

 40. Shalev I, Moffitt TE, Braithwaite AW et al (2014) Internalizing 
disorders and leukocyte telomere erosion: a prospective study of 

depression, generalized anxiety disorder and post-traumatic stress 
disorder. Mol Psychiatry 19:1163–1170

 41. Lin PY, Huang YC, Hung CF (2016) Shortened telomere length 
in patients with depression: a meta-analytic study. J Psychiatr Res 
76:84–93

 42. Verhoeven JE, van Oppen P, Revesz D, Wolkowitz OM, Penninx 
BW (2016) Depressive and anxiety disorders showing robust, but 
non-dynamic, 6-Year longitudinal association with short leukocyte 
telomere length. Am J Psychiatry 173:617–624

 43. Teyssier JR, Chauvet-Gelinier JC, Ragot S, Bonin B (2012) Up-
regulation of leucocytes genes implicated in telomere dysfunction 
and cellular senescence correlates with depression and anxiety 
severity scores. PLoS ONE 7:e49677

 44. Jovanovic J, Ronneberg JA, Tost J, Kristensen V (2010) The epi-
genetics of breast cancer. Mol Oncol 4:242–254

 45. Sengupta S, Blute ML, Bagniewski SM, Inman B, Leibovich 
BC, Slezak JM, Myers RP, Zincke H (2008) After radical ret-
ropubic prostatectomy “insignificant” prostate cancer has a risk 
of progression similar to low-risk “significant” cancer. BJU Int 
101(2):170–174

 46. Inman BA, DiMarco DS, Slezak JM, Sebo TJ, Kwon ED, Leibo-
vich BC, Blute ML, Zincke H (2006) Outcomes of Gleason score 
10 prostate carcinoma treated by radical prostatectomy. Urology 
68(3):604–608

 47. Siddiqui SA, Inman BA, Sengupta S, Slezak JM, Bergstralh EJ, 
Leibovich BC, Zincke H, Blute ML (2006) Obesity and survival 
after radical prostatectomy: a 10-year prospective cohort study. 
Cancer 107(3):521–529

 48. Sengupta S, Slezak JM, Blute ML, Leibovich BC, Sebo TJ, Myers 
RP, Cheville JC, Bergstralh EJ, Zincke H (2006) Trends in dis-
tribution and prognostic significance of Gleason grades on radi-
cal retropubic prostatectomy specimens between 1989 and 2001. 
Cancer 106(12):2630–2635

 49. Siddiqui SA, Sengupta S, Slezak JM, Bergstralh EJ, Leibovich 
BC, Myers RP, Zincke H, Blute ML (2006) Impact of patient age 
at treatment on outcome following radical retropubic prostatec-
tomy for prostate cancer. J Urol 175(3 Pt 1):952–957

 50. Sengupta S, Myers RP, Slezak JM, Bergstralh EJ, Zincke H, Blute 
ML (2005) Preoperative prostate specific antigen doubling time 
and velocity are strong and independent predictors of outcomes 
following radical prostatectomy. J Urol 174(6):2191–2196

 51. DiMarco DS, Zincke H, Sebo TJ, Slezak J, Bergstralh EJ, Blute 
ML (2005) The extent of lymphadenectomy for pTXNO prostate 
cancer does not affect prostate cancer outcome in the prostate 
specific antigen era. J Urol 173(4):1121–1125

 52. Ward JF, Zincke H, Bergstralh EJ, Slezak JM, Myers RP, Blute 
ML (2004) The impact of surgical approach (nerve bundle pres-
ervation versus wide local excision) on surgical margins and bio-
chemical recurrence following radical prostatectomy. J Urol 172(4 
Pt 1):1328–1332

 53. Shen MM, Abate-Shen C (2010) Molecular genetics of pros-
tate cancer: New prospects for old challenges. Genes Dev 
24:1967–2000

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00345-016-1914-3
https://doi.org/10.1007/s00345-016-1914-3

	Antidepressant medication use and prostate cancer recurrence in men with depressive disorders
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design, subjects and setting
	Prostate cancer biochemical recurrence
	Antidepressant use
	Covariates
	Statistical analysis

	Results
	Demographic and clinical characteristics

	Discussion
	References




