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ORIGINAL ARTICLE

Risk of cardiovascular events in men on abiraterone or enzalutamide combined
with GnRH agonists: nation-wide, population-based cohort study in Sweden

Gincy Georgea , Hanna Vikmanb, Rolf Gedeborgb, Ingela Franck Lissbrantc , Hans Garmob,d ,
Johan Styrkee, Mieke Van Hemelrijcka and P€ar Stattinb

aTranslational Oncology and Urology Research, King’s College Londo, London, UK; bDepartment of Surgical Sciences, Uppsala University
Hospital, Uppsala, Sweden; cInstitute of Clinical Sciences, Department of Oncology, Sahlgrenska Academy, University of G€oteborg, G€oteborg,
Sweden; dRegional Cancer Centre Uppsala €Orebro, Uppsala University Hospital, Uppsala, Sweden; eDepartment of Surgical and Perioperative
Sciences, Urology and Andrology, Umeå University, Umeå, Sweden

ABSTRACT
Background: Men with prostate cancer (PCa) on gonadotropin-releasing hormone agonists (GnRH)
have an increased risk of cardiovascular disease (CVD) compared to men with PCa not on GnRH as
well as compared with PCa-free men. Whether the addition of androgen receptor targeted (ART) drugs
to GnRH further increases CVD risk, remains to be fully elucidated.
Material and methods: We investigated risk of CVD for men with castration resistant PCa (CRPC) on
GnRH plus ART; abiraterone or enzalutamide vs 5,127 and 12,079 respective matched comparator men
on GnRH in Prostate Cancer data Base Sweden (PCBaSeTraject) 4.1 between 1 June 2015 and 31
December 2018. PCBaSeTraject links National Prostate Cancer Register of Sweden to other healthcare
registries and demographic databases. We conducted multivariable Cox proportional hazard models
adjusting for PCa risk category, Charlson comorbidity index (CCI), insulin or statin use, civil status, level
of education, history of CVD events and number of CVD drugs, with any incident or fatal CVD as
the outcome.
Results and conclusion: 1,310 men were treated with abiraterone and 3,579 with enzalutamide. In
multivariable analysis, CVD risk was increased in men on abiraterone (hazard ratio (HR): 1.19; 95% con-
fidence interval (CI): 1.03–1.38) and in men on enzalutamide (HR: 1.10; 95% CI: 1.01–1.20). Men with a
recent CVD (<12months) including both men on ART as well as comparators had a much higher
probability of a new CVD vs men with no prior CVD. CVD risk was mildly increased in men with PCa
on GnRH plus abiraterone or enzalutamide vs comparator men on GnRH. Residual confounding and
detection bias may at least partly explain this association.
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Introduction

Abiraterone and enzalutamide, two androgen receptor tar-
geted (ART) drugs, prolong survival in men with metastatic
prostate cancer (PCa) and castration resistant prostate cancer
(CRPC) [1,2]. Abiraterone suppresses the production of andro-
gens in the adrenal cortex and is therefore combined with
prednisone, while enzalutamide blocks the androgen recep-
tor without decreasing circulating levels of androgens [3].

Data from several observational studies have consistently
shown an association between use of androgen deprivation
therapy (ADT) and increased risk of cardiovascular disease
(CVD) [4–10]. This increase is best documented for gonado-
tropin-releasing hormone agonists (GnRH). There may be a
further increase in CVD risk in men who receive ART in add-
ition to GnRH, as these men have even lower androgen
receptor stimulation than men on GnRH monotherapy [9,11].

Three meta-analyses of randomised clinical trials (RCT)
have shown an increased risk of CVD in men on abiraterone,
whereas only an increased risk of hypertension was observed
in men on enzalutamide [12–14] (Supplementary Table 1).
However, as there are strict inclusion criteria to RCTs, the
observed risk of CVD in these studies may not be the same
in clinical practice where many men are older and have a
higher baseline cardiovascular risk profile than men in RCTs.

A recent study reported that risk of CVD in men with PCa
on abiraterone or enzalutamide with one or two prior CVD
events had a 16% higher 6-month mortality compared to
similar men with PCa without pre-existing CVD [15].

The aim of our population-based cohort study was to
assess the risk of CVD in men with CRPC on GnRH plus ART
drugs vs comparator men on GnRH only. Separate risk esti-
mates were generated for men with and without prior CVD.
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Material and methods

Study population

Men with PCa were identified in PCBaSe version 4.1, which
links National Prostate Cancer Register of Sweden (NPCR) to
other healthcare registries and demographic databases [16].
In brief, NPCR includes information on tumour stage,
Gleason score, serum level PSA at time of diagnosis, work-
up, and primary treatment within 6months after date of PCa
diagnosis [17]. In PCBaSe, NPCR was linked to a number of
other health care registries and demographic databases
including the Swedish Cancer Registry, the Cause of Death
Registry, the Prescribed Drug Registry, the National In- and

Out-Patient Registry, and the LISA database with socioeco-
nomic data by use of the Swedish Personal Identity
Number [18].

Men with CRPC who received abiraterone (ATC code:
L02BX03) or enzalutamide (ATC code: L02BB04) in addition
to treatment with GnRH (ATC code: L02AE, L02BX02) were
identified on date for first filled prescription for abiraterone
or enzalutamide in The Prescribed Drug Registry. Inclusion
criteria required two filled prescriptions for abiraterone or
enzalutamide. Registration of abiraterone and enzalutamide
in this registry started on 1 June 2015 and we used a run-in
period of six months in order to only include men with a
known start date for ART, i.e., incident use, and follow-up

Table 1. Baseline characteristics in Prostate Cancer data Base (PCBaSe) 4.1 at date of study entry for men on abiraterone or enzalutamide and GnRH and their
respective comparator men on GnRH.

Abiraterone n¼ 1310 Comparator n¼ 5127 Enzalutamide n¼ 3579 Comparator n¼ 12079

Age, years, median (Q1, Q3) 76 (71, 82) 76 (71, 82) 76 (71, 82) 77 (72, 82)
Age, n (%)
<65 years 121 (9%) 416 (8%) 308 (9%) 696 (6%)
65�74 years 471 (36%) 1840 (36%) 1286 (36%) 4004 (33%)
75�80 years 300 (23%) 1199 (23%) 868 (24%) 3069 (25%)
>80 years 418 (32%) 1672 (33%) 1117 (31%) 4310 (36%)

Risk categorya, n (%)
Low-risk 68 (5%) 285 (6%) 200 (6%) 735 (6%)
Intermediate-risk 195 (15%) 700 (14%) 463 (13%) 1769 (15%)
High-risk 353 (27%) 1353 (26%) 993 (28%) 3311 (27%)
Regional metastasis 158 (12%) 666 (13%) 502 (14%) 1553 (13%)
Distant metastasis 529 (40%) 2087 (41%) 1406 (39%) 4627 (38%)
Missing 7 (0%) 36 (1%) 15 (0%) 84 (1%)

Year of ARTb initiation, n (%)
2016 541 (41%) – 1786 (50%) –
2017 449 (34%) – 1037 (29%) –
2018 320 (24%) – 756 (21%) –

Time since PCa diagnosis, n (%)
<5 years 472 (36%) 1829 (36%) 1357 (38%) 4064 (34%)
5–10 years 477 (36%) 1875 (37%) 1373 (38%) 4883 (40%)
>10 years 361 (28%) 1423 (28%) 849 (24%) 3132 (26%)

History of CVD eventc, n (%)
No 659 (50%) 2398 (47%) 1843 (51%) 5442 (45%)
<12months 187 (14%) 519 (10%) 523 (15%) 1250 (10%)
�12months 464 (35%) 2210 (43%) 1213 (34%) 5387 (45%)

Number of CVD drugsd, n (%)
0 417 (32%) 2855 (55%) 1150 (32%) 6626 (55%)
1–2 583 (42%) 1384 (27%) 1511 (42%) 3222 (27%)
�3 310 (26%) 888 (18%) 918 (26%) 2231 (18%)

Insulin or statin usee, n (%)
Yes 369 (28%) 1059 (21%) 1152 (32%) 2582 (21%)
No 941 (72%) 4068 (79%) 2427 (68%) 9497 (79%)

CCI except CVDf, n (%)
0 1083 (83%) 3904 (76%) 2992 (84%) 9179 (76%)
1 130 (10%) 621 (12%) 330 (9%) 1480 (12%)
2 75 (6%) 434 (9%) 210 (6%) 999 (8%)
�3 22 (2%) 168 (3%) 47 (1%) 421 (4%)

Civil status, n (%)
Married 887 (68%) 3381 (66%) 2506 (70%) 7940 (66%)
Not married 423 (32%) 1746 (34%) 1073 (30%) 4139 (34%)

Educational levelg, n (%)
Low 445 (34%) 2018 (39%) 1255 (35%) 4821 (40%)
Intermediate 511 (39%) 1968 (38%) 1407 (39%) 4589 (38%)
High 337 (26%) 1057 (21%) 869 (24%) 2464 (20%)
Missing 17 (1%) 84 (1%) 48 (1%) 205 (2%)

aRisk category at date of diagnosis: low-risk PSA <10 ng/mL, Gleason Score � 6, and clinical T1-2, not N1 or M1, intermediate-risk PSA 10 to <20 ng/mL, or
Gleason 7, or clinical T1-2, not N1 or M1, high-risk PSA 20 to <50 ng/mL, or Gleason 8–10, or clinical T3, not N1 or M1, regional metastatic disease PSA �
50 ng/mL, or T4, or N1, distant metastatic M1 or PSA � 100 ng/mL.
bART: androgen receptor targeted drug.
cHistory of CVD event: CVD event (ICD-10: I20-I99, G45) before ART initiation.
dNumber of CVD drugs: number of drugs with at least two prescriptions of angiotensin-converting enzyme (ACE) inhibitors, calcium antagonists, beta-blockers,
diuretics or anti-thrombotic agents.

eInsulin or statin use: defined by at least two prescriptions of insulin or statins.
fCCI: Charlson comorbidity index based on ICD codes for discharge diagnoses in National Patient Registry up to ten years before ART initiation.
gEducational level: Low, � 10 years, Intermediate, 10–12 years, High >12 years.
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ended on 31 December 2018 (Figure 1). The only indication
for abiraterone or enzalutamide was CRPC – until June 2018,
when abiraterone was also approved for use in men with de
novo metastatic PCa. To exclude the new indication, expos-
ure to ART was defined as two or more filled prescriptions of
the drug among men on GnRH in PCBaSe, more than six
months after the date of diagnosis. For each man treated
with GnRH plus abiraterone or enzalutamide, four compara-
tor men with PCa treated with GnRH were selected matched
on birth year and start date of GnRH (±150 days). Follow-up
started on the date of the first filled prescription for abirater-
one or enzalutamide for the exposed men and this was also
the date for ‘pseudo-exposure’ for their matched comparator
men, and follow-up ended at death or last date of follow-up,
whichever event occurred first.

The outcome of the study was any incident or fatal CVD
defined by ICD-10 codes I20-I99 and G45 recorded as a prin-
cipal or secondary hospital discharge diagnosis. We used a
30-day window to separate hospital admissions for incident
CVD events from readmissions for an earlier CVD event. The
Charlson comorbidity index (CCI) was calculated using hos-
pital discharge diagnoses registered in the In- and Out-
Patient Registry during the 10-year period prior to start of
follow-up, as previously described [19,20].

Statistical analysis

The time to events is described graphically as the increase in
probability (1-Kaplan-Meier estimate) over time. We con-
ducted univariable and multivariable Cox proportional hazard
models to estimate the hazard ratios (HR) and 95% confi-
dence intervals (CI) of any CVD event in men on abiraterone
or enzalutamide and their respective comparator men. The
proportional hazards assumption was evaluated by visual
inspection of log-log plots. Multivariable analyses included

age, PCa risk category, CCI, insulin or statin use, civil status,
level of education, history of CVD event, and number of CVD
drugs. PCa risk category, civil status, CCI and level of educa-
tion were divided into categories as described in Van
Hemelrijck et al. [17]. History of CVD event was divided into
three categories, with the 12month rule adopted from
O’Farrell et al. [10]. Number of CVD drugs were divided in
three categories of similar size, defined by at least two pre-
scriptions of angiotensin-converting enzyme (ACE) inhibitors,
calcium antagonists, beta-blockers, diuretics, or anti-throm-
botic agents. Missing data was handled as separate catego-
ries in categorical data and no missing data were present in
continuous variables.

Complementary

Analyses were further stratified on history of CVD: no prior
CVD, prior CVD < 12months and prior CVD � 12months
before start of ART.

Only men with PCa who filled at least two prescriptions
of ART were included in the study to reduce exposure mis-
classification due to early discontinuation. However, start of
follow-up was from first prescription. To address the risk that
this could cause an immortal time bias, two sensitivity analy-
ses were conducted by excluding outcomes that occurred
within the first 28 days and 56 days.

To complement our main analysis of the composite CVD
outcome, the association with ischaemic heart disease which
was the largest component in the composite CVD outcome
was estimated in a separate analysis.

All data management and analyses were conducted using
R, version 3.6.1 (Vienna, Austria). The Research Ethics Board
in Uppsala approved of the study.

Cardiovascular disease (CVD) event 

Start of registra�on of  
ART in Prescribed  
Drug Registry  
2015-06-01

First prescrip�on  
of  ART 
2016-01-01

Last day of  
follow up  
2018-12-31

Start of  
PCBaSe 4  
1998-01-01

GnRH

±150 days 

Run-in period 
6 months 

Death 

GnRH  
comparator  

Prostate cancer diagnosis ART ini�a�onGnRH ini�a�on 

Prostate cancer without GnRH Prostate cancer with GnRH ART exposed/ART pseudo-exposed

Figure 1. Study design with identification of cases exposed to androgen receptor targeted (ART) drugs, selection of respective comparator men and follow-up in
Prostate Cancer data Base Sweden (PCBaSe) 4.1. Exposure to ART drugs was defined as two or more filled prescriptions of the drug among men on GnRH in
PCBaSe. Comparison men were selected among men on GnRH in PCBaSe matched to the case on birth year, start of GnRH (þ/�150 days) and duration of GnRH
treatment. In order to only include men with known start date for ART a run-in period was used. Follow-up started at the date of the first filled prescription for the
case and his matched comparator men and ended at death or last date of follow-up.
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Results

1,310 men filled prescriptions for abiraterone and 3,579 men
filled prescriptions for enzalutamide between 2016 and 2018
(Table 1). Age at study entry, civil status, education level, PCa
risk category, time since PCa diagnosis, history of CVD event
and CCI were similar in men on abiraterone or enzalutamide
and their respective comparator men. At baseline, treatment
with CVD drugs, insulin or statins was more common among
men treated with ART than among comparator men. Median
follow up time was 1.1 (Q1 ¼ 0.62, Q3 ¼ 1.8) years in the
abiraterone group and 1.3 (Q1 ¼ 0.71, Q3 ¼ 2.1) years in the
enzalutamide group.

The probability over time for a CVD was substantially
higher among men with a prior CVD < 12months before
date of start of ART for men with CRPC and date of pseudo-
start for comparator men, as compared to men with no prior
CVD or prior CVD � 12months in men on abiraterone or
enzalutamide, as well as for their respective comparator men
(Figure 2).

In univariable Cox regression models, there was an
increased risk of CVD for men on abiraterone and enzaluta-
mide vs their comparators, abiraterone (HR: 1.90; 95% CI:
1.65–2.19) and enzalutamide (HR: 1.76; 95% CI: 1.61–1.92)
(Table 2). Adjustment for age, PCa risk category, CCI, insulin or

statin use, civil status and level of education in multivariable
models substantially decreased the risk of CVD for men on
abiraterone (HR: 1.22; 95% CI: 1.05–1.41) and for men on enza-
lutamide (HR: 1.10; 95% CI: 1.00–1.20). Adding history of CVD
event and number of CVD drugs to the model had little effect
on the risk of CVD for men on abiraterone (HR: 1.19; 95% CI:
1.03–1.38) and risk in men on enzalutamide (HR: 1.10; 95%
CI: 1.01–1.20).

In multivariable stratified analysis, according to prior CVD
event and timing of CVD event (Table 3), there was an
increased relative risk of CVD in men on abiraterone vs com-
parator men with prior CVD � 12months prior to ART initi-
ation (HR: 1.40; 95% CI: 1.10–1.79) . However, in the high-risk
group of men with a prior CVD < 12months prior to ART ini-
tiation, no increased risk was observed for CVD in men on
abiraterone or enzalutamide vs their respective comparators.

Sensitivity analyses excluding CVD events occurring within
28 days or 56 days from start of follow-up and adjusted for
age, PCa risk category, CCI, insulin or statin use, civil status
and level of education (Supplementary Table 3) showed simi-
lar results as the main analysis (Table 2). After exclusion of
CVD events occurring within 28 days after the first filled ART
prescription, there was an increased risk of CVD for men
exposed to abiraterone (HR: 1.18; 95% CI: 1.01–1.38) and
enzalutamide (HR: 1.11; 95% CI: 1.01–1.22) vs their

Abiraterone Comparison 

0 1 2 3 2 1 0 3 
0.0 
0.1 
0.2 
0.3 
0.4

Enzalutamide Comparison 

0 1 2 3 0 1 2 3 
0.0 
0.1 
0.2
0.3 
0.4 

All men 

      1310           638            192               0   5127          2603           875               0         

Years  
No. at risk       3579          1895            688              0  12079         6818          2728              0   

Abiraterone Comparison 

0 1 2 3 1 0 2 3 
0.0 
0.1 
0.2 
0.3 

Enzalutamide Comparison 

0 1 2 3 0 1 2 3 
0.0 
0.1
0.2
0.3

No prior CVD events 

  659            358             111               0   2398         1326            445               0          

Years  
No. at risk   1843          1055            421              0    5442         3216          1323              0 

Abiraterone Comparison 

0 1 2 3 0 1 2 3 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 

Enzalutamide Comparison 

0 1 2 3 0 1 2 3 
0.0 
0.1 
0.2 
0.3
0.4 
0.5
0.6 
0.7 

Prior CVD event < 12 months  

  187              66              16                0   519            183              50                0               

Years  
No. at risk 523            198              53               0   1250           515            165               0 

Abiraterone Comparison 

0 1 2 3 1 2 0 3 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 

Enzalutamide Comparison 

0 1 2 3 0 1 2 3 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5

Prior CVD event ≥ 12 months  

  464            214             65                0   2210          1094           380               0      

Years  
No. at risk 1213           642             214              0   5387          3087          1240              0 

Figure 2. Probability of cardiovascular disease (CVD) events according to prior history of CVD in men on abiraterone or enzalutamide and GnRH and their respect-
ive comparator men on GnRH.
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comparators. After exclusion of CVD events within 56 days,
there remained an increased risk of CVD for men on abirater-
one (HR: 1.23; 95% CI: 1.05–1.45) and enzalutamide (HR: 1.10;
95% CI: 1.00–1.21).

When the analysis was restricted to the more specific out-
come, ischaemic heart disease event, the estimated risk in
the model adjusted for all measured potential confounders
was lower in men on abiraterone (HR: 0.68; 95% CI:
0.44–1.04), but remained similar for men on enzalutamide
(HR: 1.09; 95% CI: 0.88–1.35) (Supplementary Table 2).

Discussion

In this population-based cohort study, men with CRPC on
GnRH plus abiraterone or enzalutamide had a modest
increase in risk of CVD vs comparator men with PCa on
GnRH matched for birth year and calendar time for start
of GnRH.

The key strength of this study was the use of a nation-
wide population-based cohort containing comprehensive
data on cancer characteristics, socioeconomic status, comor-
bidity and co-medication from high-quality registers for a
large number of men on abiraterone or enzalutamide and
matched comparator men. There are some limitations to our
study. A majority of comparator men in all likelihood did not
have CPRC and hence men exposed to an ART drug and
their comparators differed in two aspects; the presence of a
CRPC state and the use of an ART drug. Furthermore, we did
not have data on some important risk factors for CVD such
as smoking, body mass index, and physical activity.

Ideally all subgroups of CVD would have been investi-
gated, however the number of events in most of these sub-
groups were too small to allow for an analysis with
reasonable precision. Therefore, we used a composite out-
come consisting of a number of ICD codes in line with The
European Medicine Agency (EMA) recommendation for phar-
macovigilance studies [21]. In addition, we conducted a sep-
arate analysis restricted to ischaemic heart disease as the
outcome, which is also recommended by EMA. This is an
important and rather homogenous disease entity. The results
of this subgroup was similar to the results from analysis of
the composite CVD outcome.

The strongest limitation of our study is the concern for
bias by confounding. Confounding by measured covariates
adjusted for was present since there were large decreases in
risk of CVD after adjustment for insulin and statins that were
used as markers of metabolic aberrations, in particular for
men on abiraterone. However, there likely still is some
residual confounding [22].

The risk estimate for CVD was 1.19 for abiraterone, which
corresponds to an E-value of 1.7. The E-value is the minimum
strength required for both the exposure-confounder and
exposure-disease relationship that is required to ’explain
away’ the relationship between exposure and disease [23]. It
is not implausible that unmeasured confounders, e.g., smok-
ing, obesity and physical activity could convey this level of
impact in an elderly male population [24,25]. Moreover, men
with CRPC on ART likely receive more intense medical care
than comparator men on GnRH, so detection bias may also
affect the risk estimates.

Table 2. Hazard ratio of cardiovascular disease (CVD) events for men on abiraterone or enzalutamide and GnRH vs their respective
comparator men on GnRH.

Abiraterone Enzalutamide

No. of cases/comparator HRa (95% CI)b No. of cases/comparator HRa (95% CI)a

Univariable 274/592 1.90 (1.65–2.19) 748/1522 1.76 (1.61–1.92)
Multivariablec 1.22 (1.05–1.41) 1.10 (1.00–1.20)
Multivariabled 1.19 (1.03–1.38) 1.10 (1.01–1.20)
aHR: hazard ratio in Cox proportional hazards regression models;.
b(95% CI): 95% confidence interval;.
cMultivariable: variables adjusted for include age, PCa risk category, Charlson comorbidity index (CCI), insulin or statin use, civil status
and level of education.
dMultivariable: variables adjusted for include age, PCa risk category, Charlson comorbidity index (CCI), insulin or statin use, civil status,
level of education, history of CVD event, and number of CVD drugs.
The reference groups are matched comparator men on GnRH.

Table 3. Hazard ratio of cardiovascular disease (CVD) events according to prior CVD history for men on abiraterone or enzalutamide and GnRH vs their respect-
ive comparator men on GnRH.

Abiraterone Enzalutamide

No. of cases/comparator HRa (95% CI)b No. of cases/comparator HRb (95% CI) 2

No prior CVD Univariable 97/176 2.07 (1.62–2.65) 229/389 1.79 (1.52–2.11)
Prior CVD< 12 months Multivariablec 1.29 (1.00–1.67) 1.18 (1.00–1.40)

Univariable 72/215 0.97 (0.74–1.26) 243/514 1.19 (1.01–1.38)
Multivariablec 0.89 (0.67–1.17) 1.05 (0.90–1.22)

Prior CVD� 12months Univariable 105/201 2.65 (2.09–3.36) 276/619 2.17 (1.88–2.50)
Multivariablec 1.40 (1.10–1.79) 1.07 (0.92–1.23)

aHR: hazard ratio in Cox proportional hazards regression models;.
b(95% CI): 95% confidence interval.
cMultivariable: variables adjusted for include age, history of CVD event, number of CVD drugs, insulin or statin use, PCa risk category, Charlson comorbidity index
(CCI), civil status and level of education.
The reference groups are matched comparator men on GnRH.

ACTA ONCOLOGICA 463

https://doi.org/10.1080/0284186X.2021.1885058


The modestly increased risk of CVD observed in men on
abiraterone in our study is consistent with the results from
clinical trials [12–14,26] and a recent observational study
[15]. CVD was the most commonly reported adverse event in
the STAMPEDE trial, with a grade � 3 toxicity in 10% of abir-
aterone as compared to the 4% in men on GnRH [26]. In
contrast, the increased CVD risk that we observed for men
on enzalutamide has not been previously reported [2,27–29].

Recently, Lu-Yao et al. reported an increased risk of CVD
in men on abiraterone or enzalutamide with a prior CVD his-
tory [15]. However, a prior CVD is a well-established risk fac-
tor for a new CVD regardless of hormonal treatment. Among
men with a prior CVD less than 12months prior to start of
study, we found an almost equally strong increase in prob-
ability for a CVD event over time in men on ART and in com-
parator men, and in multivariable models no increased risk
was observed for CVD for men on ART vs their comparator
men on GnRH only.

Conclusions

In this nationwide population-based cohort study, men with
CRPC on GnRH plus abiraterone or enzalutamide had a mod-
est increase in risk of CVD vs comparator men with PCa on
GnRH. However, despite that these risk estimates were
obtained in multivariable models including markers of meta-
bolic aberrations, history of CVD, number of CVD drugs, PCa
risk category, CCI, civil status, and level of education, residual
confounding likely persisted and may at least partly explain
the observed increased risk of CVD in men on abiraterone or
enzalutamide.
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