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Abstract
Background: Abiraterone and enzalutamide are castration- resistant prostate 
cancer (CRPC) therapies with potentially distinct associations with mental health 
symptoms given their differing antiandrogen targets.
Methods: We used national Veterans Health Administration data to identify pa-
tients with CRPC who received first- line abiraterone or enzalutamide from 2010 
to 2017. Using Poisson regression, we compared outpatient mental health en-
counters per 100 patient- months on drug between the abiraterone and enzaluta-
mide cohorts adjusting for patient factors (e.g., age). We compared mental health 
encounters in the year before versus after starting therapy using the McNemar 
test.
Results: We identified 2902 CRPC patients who received abiraterone (n = 1992) 
or enzalutamide (n = 910). We found no difference in outpatient mental health 
encounters between the two groups (adjusted incident rate ratio [aIRR] 1.04, 
95% confidence interval [CI] 0.95– 1.15). However, men with preexisting mental 
health diagnoses received 81.3% of the outpatient mental health encounters and 
had higher rates of these encounters with enzalutamide (aIRR 1.21, 95% CI 1.09– 
1.34). Among patients with ≥1 year of enrollment before and after starting abira-
terone (n = 1139) or enzalutamide (n = 446), there was no difference in mental 
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1  |  INTRODUCTION

Men with castration- resistant prostate cancer (CRPC) 
have several treatment options with survival benefits.1– 8 
Two treatments— abiraterone and enzalutamide— are oral 
agents that target the androgen axis and are widely used 
as first- line therapies.9 Given their similar efficacy, pa-
tients and providers weigh the unique toxicity profiles of 
each drug, among other factors (e.g., cost), when choosing 
between the two. Abiraterone has a higher incidence of 
liver and cardiac toxicity and requires concurrent predni-
sone use whereas enzalutamide is associated with fatigue 
and falls and is contraindicated in those with a seizure 
disorder.10– 12

To add to the distinctions between these two antian-
drogens, post- marketing data have conflicting findings 
as to whether abiraterone or enzalutamide is associated 
with an impact on emotional functioning.13– 16 Emotional 
functioning is of particular relevance to men with CRPC 
as the backbone treatment for the disease, androgen 
deprivation therapy (ADT), is associated with an in-
creased risk of depression and anxiety.17– 19 Abiraterone 
and enzalutamide are administered concurrently with 
ADT and further alter the androgen axis but in differ-
ent ways. Abiraterone is a 17α- hydroxylase inhibitor 
and further suppresses testosterone production whereas 
enzalutamide is an androgen receptor antagonist that 
crosses the blood– brain barrier but does not alter tes-
tosterone levels.12 Thus, the two drugs may have differ-
ent impacts on emotional functioning. Two prospective 
studies conducted in “real world” practice suggest the 
possibility of worsened depression symptoms and emo-
tional functioning with enzalutamide compared to 
abiraterone.13,14 However, two other studies found no 
difference between the two drugs and subsequent de-
pression, anxiety, and emotional functioning.15,16 These 
studies enrolled a relatively small number of patients 
(100– 200) who were followed for a limited period of time 
(2– 12 months).

Given the conflicting data and that little is known 
about the longer- term effects of abiraterone or enzalut-
amide on mental health outcomes, we sought to compare 
mental health care utilization between men who received 
abiraterone versus enzalutamide as first- line therapy 
for CRPC in the Veterans Health Administration (VA). 
Veterans are twice as likely to be diagnosed with prostate 
cancer compared to the general population and are par-
ticularly vulnerable to the depression or anxiety that may 
arise from antiandrogen therapies due to their high base-
line prevalence of mental health conditions.20 Over 33% of 
Vietnam era Veterans, the group that makes up the major-
ity of Veterans with prostate cancer given their age, report 
symptoms of depression compared to 16% of age- matched 
non- Veterans.21 Understanding the impact of CRPC ther-
apies on mental health is paramount as these men face 
multiple risk factors for mental health symptoms: their 
military service, advanced cancer diagnosis, ADT, and 
now potentially advanced antiandrogen therapies. Thus, 
we used a large national cohort of men with CRPC and 
the long- term follow up in the VA electronic medical re-
cord to better understand the real- world mental health 
implications of antiandrogen therapies in CRPC.22,23

2  |  MATERIALS AND METHODS

2.1 | Study cohort

Using the VA Corporate Data Warehouse (RRID:SCR_ 
011566), consisting of medical record data from 130 health 
systems, we identified men with a diagnosis of prostate 
cancer using International Classification of Diseases, 
Ninth Revision (ICD- 9) code 185 for 2010– 2015, and ICD- 
10 code C61 for 2016– 2017. Using pharmacy claims, we 
then identified men who received a treatment for CRPC 
(i.e., abiraterone, cabazitaxel, docetaxel, enzalutamide, 
ketoconazole, mitoxantrone, radium- 223, or sipuleucel-
 T). Castration resistance was defined by requiring patients 

health care utilization before versus after starting treatment (17.0% of patients vs. 
17.6%, p = 0.60, abiraterone; 16.4% vs. 18.4%, p = 0.26, enzalutamide).
Conclusion: We found no overall differences in mental health care utilization 
between CRPC patients who received first- line abiraterone versus enzalutamide. 
However, men with preexisting mental health diagnoses received the majority of 
mental health care and had more mental health visits with enzalutamide.

K E Y W O R D S

abiraterone, anxiety, depression, enzalutamide, mental health, prostate neoplasms, quality of 
life
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receive ADT for ≥6 months before starting a CRPC treat-
ment and have a rising prostate specific antigen (PSA) 
while receiving ADT. ADT was defined as ≥2 injections 
of a gonadotropin- releasing hormone analogue ≤8 months 
before receipt of a CRPC therapy or an orchiectomy in 
the prior 12 months. We then limited our cohort to those 
who received first- line abiraterone or enzalutamide for 
≥30 days (full cohort). Finally, for comparing mental 
health outcomes in the 1 year before and after starting abi-
raterone or enzalutamide, we used a restricted cohort of 
those with ≥1 year of cohort enrollment prior to and after 
starting abiraterone or enzalutamide (restricted cohort) in 
order to have a common time frame of comparison for our 
outcomes of interest. Figure 1 illustrates the development 
of our analytic cohorts.

2.2 | Demographics & clinical 
characteristics

Patient age at initiation of abiraterone or enzalutamide, 
race, marital status, Charlson comorbidity index (CCI), 
rural vs. urban residence (based on patient zip code), 
treating facility complexity, preexisting mental health 
conditions, PSA at start of abiraterone or enzalutamide, 
presence of metastatic disease, and baseline opioid use 
were abstracted. The CCI was determined using ICD- 9 and 
ICD- 10 codes for relevant conditions in the 1 year prior to 
initiation of abiraterone or enzalutamide. Treating facil-
ity complexity was determined by the VA Support Service 
Center's facility complexity model.24 Preexisting mental 
health conditions (depression, anxiety, post- traumatic 

F I G U R E  1  Development of analytic cohorts of men with CRPC who received first- line abiraterone or enzalutamide. 1Abiraterone, 
cabazitaxel, docetaxel, enzalutamide, ketoconazole, mitoxantrone, radium- 223, sipuleucel- T. ADT, androgen deprivation therapy; PSA, 
prostate specific antigen; VA, Veterans Health Administration.

Did not receive a treatment of inquiry1 during study timeframe
(n = 551,441)

Full cohort
(n = 2902)

Prostate cancer diagnosis 
between 2010-2017

(N = 569,432)

Did not receive ≥ 6 months of ADT in the VA at the time of 
receipt of first treatment of inquiry

(n = 11,852)

No rising PSA while on ADT, indicating not castration-
resistant

(n = 1109)

Date of death reported as prior to receipt of any treatment
(n = 6)

Received first-line treatments of inquiry other than 
abiraterone or enzalutamide

(n = 2015)

Received < 30-day total supply of abiraterone or 
enzalutamide

(n = 107)

Restricted cohort
(n = 1585)

Did not have ≥ 1 year of cohort enrollment prior to and after 
starting abiraterone or enzalutamide

(n = 1317)
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stress disorder (PTSD), adjustment disorder, substance use 
disorder, bipolar disorder, schizophrenia, and attempted 
self- harm) were identified using ICD- 9 and ICD- 10 codes 
(Supplemental Methods). Metastatic disease at the initia-
tion of abiraterone or enzalutamide was determined by a 
validated, VA- specific natural language processing tool.24 
Opioid use was defined as having ≥30- day prescription 
within 90 days of starting abiraterone or enzalutamide.

2.3 | Outcomes

For our restricted cohort of patients who had ≥1 year of 
cohort enrollment before and after starting abirater-
one or enzalutamide, we determined four outcomes: 
(1) the proportion of patients who received an incident 
mental health diagnosis, (2) the number of outpatient, 
emergency, or inpatient psychiatric encounters, (3) the 
proportion of patients with these encounters, and (4) psy-
chotropic drug prescriptions ascertained using pharmacy 
claims. Psychiatric encounters were defined as encounters 
where the primary diagnosis was a mental health condi-
tion (depression, anxiety, PTSD, adjustment disorder, sub-
stance use disorder, bipolar disorder, schizophrenia, and 
attempted self- harm) based on ICD- 9 and ICD- 10 codes. 
Polypharmacy was defined as having >1 psychotropic 
drug class prescription simultaneously for ≥90 days.

For our full cohort, we determined the number of out-
patient psychiatric encounters. We counted one encoun-
ter per calendar day for a given patient to reduce potential 
duplicates.

2.4 | Statistical analysis

Baseline demographic and clinical characteristics of the 
study cohort were compared using a t- test when continu-
ous and a chi- square test when categorical.

For our restricted cohort, using the Wilcoxon signed 
rank test and McNemar test, we compared the following 
outcomes in the 1 year prior to initiation of abiraterone or 
enzalutamide with the 1 year after starting therapy: (1) the 
number of outpatient, emergency, and inpatient psychiat-
ric encounters, (2) the proportion of patients who received 
this care, and (3) the proportion of patients who received 
psychotropic drug prescriptions.

For our full cohort, incidence rates (IR) of outpatient 
mental health encounters— defined as the number of out-
patient mental health encounters during the time on ther-
apy (first drug prescription fill to the end date of the last 
drug prescription fill) divided by the number of patient- 
months on therapy to account for the varying duration of 
time on treatment— were calculated for the abiraterone 

and enzalutamide cohorts. The IRs in the abiraterone and 
enzalutamide cohorts were compared using the incidence 
rate ratio (IRR). An adjusted IRR was estimated using a 
Poisson regression model that adjusted for age, CCI, mar-
ital status, and presence of a preexisting mental health 
diagnosis, and included an offset equal to the natural log-
arithm of the time on treatment. Finally, the IRs, IRRs, 
and adjusted IRRs were stratified by age, race, marital 
status, CCI, and presence of a preexisting mental health 
diagnosis. The adjusted results for the stratified variable 
of interest excluded the given variable as a covariate (e.g., 
the adjusted IRR for CCI adjusted for age, marital status, 
and presence of a preexisting mental health diagnosis but 
not CCI).

Statistical testing was two- sided with a level of 
significance set at p = 0.05. Analysis was performed 
using the R Project for Statistical Computing, v 4.1.2 
(RRID:SCR_001905). This study was approved by the VA 
Ann Arbor Healthcare System Internal Review Board.

3  |  RESULTS

3.1 | Sample characteristics

Among 569,432 Veterans identified with prostate cancer 
between 2010 and 2017, 1992 received abiraterone and 910 
enzalutamide as first- line treatment for CRPC (Figure 1).

3.2 | Cohort characteristics

Men who received enzalutamide were older, had more 
comorbid conditions, and had a lower PSA at start of 
treatment (all p < 0.01) than those who received abirater-
one (Table  1). More men who received abiraterone had 
baseline opioid use than those who received enzaluta-
mide (35.9% vs. 30.0%, p < 0.01). There was no difference 
in race, treating facility complexity, presence of metastatic 
disease, or prevalence of preexisting mental health diag-
noses between the two groups; 33.3% of men who received 
abiraterone and 29.7% who received enzalutamide had a 
preexisting mental health condition. Depression was most 
common, followed by substance use disorder and PTSD/
adjustment disorder in both cohorts.

3.3 | Mental health diagnoses & care 
utilization before versus after starting 
abiraterone or enzalutamide

After restricting patients to those who had ≥1 year of co-
hort enrollment before and after initiation of abiraterone 

https://scicrunch.org/resolver/RRID:SCR_001905
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T A B L E  1  Patient characteristics.

Abiraterone N = 1992 (n, %) Enzalutamide N = 910 (n, %) p- valuea

Age, years (mean, range) 74.4 (51– 100) 75.5 (53– 100) 0.003
Race 0.11

White 1329 (66.7) 569 (62.5)
Black 540 (27.1) 283 (31.1)
Other 28 (1.4) 17 (1.9)
Unknown 95 (4.8) 41 (4.5)

Marital status 0.91
Married 1046 (52.5) 480 (52.7)
Not married 946 (47.5) 430 (47.3)

Service Era
World War II 260 (13.1) 100 (11.0) 0.12
Korea 453 (22.7) 206 (22.6) 0.95
Vietnam 1156 (58.0) 545 (59.9) 0.35
Gulf 28 (1.4) 17 (1.9) 0.35
Other 204 (10.2) 94 (10.3) 0.94

Charlson Comorbidity Index <0.001
0 1122 (56.3) 451 (49.6)
1 451 (22.6) 201 (22.1)
2+ 419 (21.0) 258 (28.4)

Rural vs. urban home zip code 0.11
Highly Rural 26 (1.3) 21 (2.3)
Rural 637 (32.0) 303 (33.3)
Urban 1326 (66.6) 586 (64.4)
Missing 3 (0.2) 0 (0)

Treating facility complexity 0.68
1a– High 936 (47.0) 399 (43.8)
1b– High 509 (25.6) 247 (27.1)
1c– High 336 (16.9) 160 (17.6)
2– Medium 115 (5.8) 55 (6.0)
3– Low 95 (4.8) 49 (5.4)

PSA at start of abiraterone or enzalutamide 
(median, IQR)

38.5 (14.2– 115) 29.1 (11.6– 85.6) 0.008

Metastatic disease at start of abiraterone or 
enzalutamide

1655 (83.1) 759 (83.4) 0.83

Opioid useb 715 (35.9) 273 (30.0) 0.002
Preexisting mental health conditions

Any 664 (33.3) 270 (29.7) 0.18
Depression 309 (15.5) 140 (15.4) 0.93
Anxiety 132 (6.6) 59 (6.5) 0.88
PTSD/adjustment disorder 220 (11.0) 94 (10.3) 0.57
Substance use disorder 288 (14.5) 115 (12.6) 0.18
Bipolar disorder 26 (1.3) 8 (0.9) 0.32
Schizophrenia 31 (1.6) 14 (1.5) 0.97
Attempted self- harm 0 (0.0) 1 (0.1) 0.14

>1 diagnosis 245 (12.3) 110 (12.1) 0.76

Abbreviations: IQR, interquartile range; PSA, prostate specific antigen; PTSD, posttraumatic stress disorder.
ap- values calculated from a t- test (continuous) or chi- square test (categorical). A single p- value is reported for categorical variables in which categories are 
mutually exclusive.
bReceipt of ≥30- day prescription within 90 days of starting abiraterone or enzalutamide.
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or enzalutamide, our restricted cohort consisted of 1585 
men (1139 received abiraterone and 446 enzalutamide). 
Between 12%– 14% of patients received an incident men-
tal health diagnosis after starting abiraterone or enza-
lutamide (Table  2). Between 16%– 18% of patients were 
engaged in mental health care in both the abiraterone and 
enzalutamide groups with no significant difference before 
versus after starting therapy (p = 0.60, 0.26, respectively). 
Significantly more patients who received abiraterone were 
prescribed a psychotropic drug after starting abiraterone 
than before (33.1% vs. 30.5%, p = 0.01). There was no dif-
ference in the proportion of patients who received a psy-
chotropic drug before versus after starting enzalutamide.

3.4 | Mental health care utilization in 
abiraterone versus enzalutamide cohorts

In our full cohort, we found no difference in the num-
ber of outpatient mental health encounters per 100 
patient- months on drug between the abiraterone and en-
zalutamide groups (Table 3). Men with preexisting men-
tal health conditions accounted for 81.3% of the mental 
health encounters. In a subgroup analysis, men who were 
younger (<75 years old), married, had more comorbidities, 
or had a preexisting mental health diagnosis had more 
mental health encounters with enzalutamide. Men who 
were older (≥75 years old), not married, or did not have 
a preexisting mental health condition had more mental 
health encounters with abiraterone. The number of men-
tal health visits per 100 patient- months on drug are dem-
onstrated in Figure 2. Men with preexisting mental health 
conditions receiving enzalutamide had 18.9 mental health 
visits per 100 patient- months on drug, 3.5 more than those 
receiving abiraterone. In comparison, men without a pre-
existing mental health condition receiving enzalutamide 
had 1.2 mental health visits per 100 patient- months on 
drug and those receiving abiraterone 2.2.

4  |  DISCUSSION

In a nationwide cohort of 2902 men with CRPC in which 
nearly one- third had a preexisting mental health condi-
tion, we found over 12% of patients developed a new 
mental health diagnosis after starting abiraterone or en-
zalutamide, resulting in over 40% of our cohort having a 
mental health diagnosis. We found no overall difference 
in mental health care utilization with starting first- line 
abiraterone or enzalutamide. In comparing outcomes 
between men who received abiraterone versus enzalu-
tamide, there was no difference in the rate of outpatient 
mental health encounters. In a subgroup analysis, men 

<75 years old, who were married, had more comorbidi-
ties, or had preexisting mental health conditions had more 
mental health encounters with enzalutamide while older 
men, unmarried men, and those without preexisting men-
tal health conditions had more mental health encounters 
with abiraterone. Men with preexisting mental health 
conditions accounted for the majority of outpatient men-
tal health encounters. They also had the largest absolute 
difference in mental health encounters favoring abirater-
one over enzalutamide out of all subgroups analyzed.

Prior literature contains conflicting data regarding 
mental health outcomes experienced by men with CRPC 
receiving abiraterone versus enzalutamide. Our findings 
are consistent with two smaller prospective studies that 
demonstrated no difference in emotional functioning, de-
pression or anxiety as measured by patient surveys between 
men who received abiraterone versus enzalutamide.15,16 
Our study expands on this work by demonstrating simi-
lar results using an alternate outcome measurement (i.e., 
mental health care utilization) which captures formally 
diagnosed mental health conditions in a much larger na-
tionwide sample with patients treated over 7 years.

However, our results are contrary to a randomized 
phase II study that found more men who received en-
zalutamide reported depression symptoms than those 
who received abiraterone during weeks 4– 12 of treat-
ment.13 Another prospective study that followed patients 
for 12 months demonstrated less clinically meaningful 
worsening of emotional functioning with abiraterone 
compared with enzalutamide.14 Our work suggests that, 
while overall there may not be a difference in mental 
health care utilization between men receiving abiraterone 
versus enzalutamide, certain subgroups may be prone to 
worsening mental health symptoms with one drug ver-
sus the other. Notably, the literature has not examined 
the role of comorbidities, preexisting mental health con-
ditions, or marital status on mental health outcomes in 
men receiving abiraterone or enzalutamide. Nearly one- 
third of our cohort had a preexisting mental health con-
dition. We found these men accounted for the majority 
of the cohort's mental health visits with a more substan-
tial absolute difference in mental health visits favoring 
abiraterone over enzalutamide. Thus, our findings raise 
the possibility that men with preexisting mental health 
conditions are particularly at risk for increased need for 
mental health care with enzalutamide compared to abi-
raterone, perhaps due to enzalutamide's direct central 
nervous system effects.12 On the other hand, we found 
certain subgroups had more mental health encounters 
with abiraterone, which was unexpected given the liter-
ature has thus far only suggested either no difference or 
worsening of emotional functioning with enzalutamide. 
We hypothesize that the higher monitoring burden (blood 
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work every other week for 3 months, the need to closely 
monitor blood pressure) and the development of cardiac 
and metabolic diseases more often seen with abiraterone 
may lend to increased distress for older men and for those 
who are not married with marital status being potentially 
reflective of having a social support structure.10 Finally, 
we noted men <75 years old had more mental health visits 
overall compared to men ≥75 years old. This is likely due 
to most men <75 years old being Vietnam era Veterans 
who have a higher prevalence of mental health conditions 
compared to World War II and Korean War era Veterans.25

Our study does have limitations. First, our outcome 
was mental health encounters as opposed to direct mea-
surement of symptoms via patient surveys or provider in-
terview. Thus, our outcome is limited to individuals who 
both experience symptoms and sought care and would 
exclude those who discontinued abiraterone or enzalut-
amide due to mental health symptoms without seeking 
care. However, we broadly defined mental health care 
as any encounter with a primary mental health diagno-
sis which would capture symptoms addressed by any pri-
mary or cancer care provider as opposed to only visits with 
a psychologist or psychiatrist. In addition, while mental 
health care access has substantial barriers in the private 
sector, the VA has a dedicated focus on routine screening 
for mental health conditions and mental health care access 
given the high prevalence and service- related nature of 
mental health conditions in Veterans. Thus, Veterans may 
experience lower barriers in terms of appointment access 
and cost to mental health care in the VA.23 Using men-
tal health encounters as an outcome likely encompasses 
many of the patients who experience mental health symp-
toms. Second, given the retrospective, non- randomized 
nature of our study, there are possibly unmeasured factors 
associated with the receipt of abiraterone or enzalutamide 
that may impact mental health care utilization. However, 
we ensured robust capture of the known relevant and 
available variables (i.e., age, race, comorbidities, preexist-
ing mental health conditions, treating facility complexity).

Our findings suggest that overall, there is no difference 
in mental health care utilization among men with CRPC 
who receive first- line abiraterone versus enzalutamide. 
They also indicate the greatest mental health care utiliza-
tion occurred among men with preexisting mental health 
conditions. Men with more comorbidities or a preexist-
ing mental health condition experienced more mental 
health visits with enzalutamide whereas older men and 
unmarried men experienced more mental health visits 
with abiraterone. These results warrant further investiga-
tion in larger, prospective studies. If substantiated, these 
findings may be important in shaping treatment choice in 
CRPC and informing the critical patient- family- provider 
discussions regarding the risks and benefits of therapy. 
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Furthermore, abiraterone and enzalutamide are both 
now standard of care for metastatic hormone- sensitive 
prostate cancer (mHSPC) where men are exposed to 
these drugs continuously and indefinitely for upwards of 
4– 5 years.11,26– 29 Abiraterone is also approved for 2 years 
of use in men with locally advanced prostate cancer.28 
Enzalutamide has been recently studied in low- risk and 
intermediate- risk localized prostate cancer which affects 
over 30,000 men annually in the United States.30,31 As abi-
raterone and enzalutamide use expands to tens of thou-
sands of men, a complete understanding of the mental 
health implications of these agents is even more critical 
in order to ensure a true informed decision is made by 
patients and to develop effective interventions in order to 
improve treatment adherence and quality of life.

5  |  CONCLUSION

Our findings suggest that men with CRPC who receive 
first- line abiraterone or enzalutamide do not experience 
an increase in mental health care utilization after start-
ing therapy. In addition, there is no difference in mental 
health care utilization between those who receive abirater-
one versus enzalutamide. However, men with preexisting 
mental health conditions who accounted for the majority 
of mental health care delivered experienced more mental 
health visits with enzalutamide compared to abiraterone. 
Further work should investigate the incidence of depres-
sion and anxiety with antiandrogen therapies in mHSPC 
where these drugs will be used for years, the factors as-
sociated with the development of depression and anxiety 

and subsequently, the development of interventions to 
optimize the quality of life of men with advanced prostate 
cancer.
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