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Androgen deprivation therapy with gonadotropin-releasing
hormone (GnRH) therapy or orchiectomy has been used for
many years to treat advanced-stage prostate cancer. Such treat-
ment is highly effective for arresting tumor growth but has nu-
merous adverse effects, including fatigue, loss of muscle mass,
vasomotor instability, bone loss, and metabolic abnormalities.
Androgen deprivation therapy is also associated with an ele-
vated risk for cardiovascular disease and diabetes (1-3). In the
past decade, 2 novel hormonal agents, abiraterone and enzalu-
tamide, have greatly expanded treatment options for prostate
cancer. Less is known about their adverse effects, particularly
for population-based cohorts of individuals who may not be
well represented by clinical trial participants.

In this issue of the Journal, Lai et al (4) examine the risk of
metabolic and cardiovascular adverse events among patients
with advanced prostate cancer being treated with abiraterone
or enzalutamide. Although clinical trials have demonstrated fa-
vorable toxicity profiles for these treatments, the individuals
who enroll in cancer clinical trials are typically younger and
healthier than the general population of individuals with can-
cer, and thus, findings from trials may not generalize to all indi-
viduals with prostate cancer. Moreover, clinical trials often have
limited follow-up, and they may be underpowered to detect rel-
atively small but clinically important adverse effects.

Using data from a 20% random sample of fee-for-service
Medicare beneficiaries, the authors identified a large population
of patients with presumed advanced prostate cancer based on
chronic androgen deprivation therapy use, defined as bilateral
orchiectomy or at least 6 months of continuous GnRH therapy
(4). They excluded patients with recent radiation therapy for
whom the GnRH treatment may have reflected adjuvant andro-
gen deprivation therapy for patients without advanced disease.
The authors then examined rates of major metabolic and car-
diovascular adverse events for patients treated with abiraterone
or enzalutamide in addition to androgen deprivation therapy vs
androgen deprivation therapy alone. The primary outcome of
major metabolic or cardiovascular events was defined as an
emergency department visit or hospitalization with a primary
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diagnosis of diabetes, hypertension, congestive heart failure,
coronary artery disease, or dysrhythmia. Of note, to better iden-
tify new events, the authors excluded individuals with an emer-
gency department visit or hospitalization with a primary
diagnosis for 1 of these conditions in the prior 12 months; this is
likely to bias towards the null, assuming patients with existing
cardiovascular disease would be more likely to experience
events. The authors also assessed minor metabolic or cardio-
vascular events, focusing on outpatient visits with the same di-
agnosis codes as for the primary outcome assessing major
events, again excluding individuals with the relevant outcome
in the prior 12 months.

Both abiraterone and enzalutamide were associated with
the primary outcome of major metabolic or cardiovascular
events, although the hazard ratios (HRs) and confidence inter-
vals (CIs) were higher for patients receiving abiraterone
(HR=1.77, 95% CI=1.53 to 2.05) than for patients receiving
enzalutamide (HR=1.22, 95% CI = 1.01 to 1.48) (4). Patients
treated with abiraterone had an unadjusted 9.4 major events
per 100 person-years during treatment (a median of 4.7 months)
compared with 5.9 per 100 person-years for those not on abira-
terone, reflecting 1 additional major cardiovascular event for
each 29 patients treated. In analyses of minor cardiovascular
events assessed based on outpatient visits, abiraterone was as-
sociated with new diagnosis of diabetes, consistent with find-
ings of other studies examining other forms of androgen
deprivation therapy (1,3). Interestingly, enzalutamide was asso-
ciated with a lower risk of diabetes in the analysis of minor
events.

The differences observed between abiraterone and enzaluta-
mide may be related to their mechanisms of action. Abiraterone
prevents testosterone synthesis by inhibiting the cytochrome
P450 17A,; it also decreases glucocorticoid production, with a re-
lated increase in adrenocorticotrophic hormone and mineralocor-
ticoid excess that can cause hypertension, hypokalemia, and
fluid retention. To limit these adverse effects, it is given with oral
prednisone, which can cause fluid retention and insulin resis-
tance. Enzalutamide is an androgen receptor blocker that also
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increases glucocorticoid levels. A previous meta-analysis of clini-
cal trials of abiraterone and enzalutamide found an increased risk
for all-grade cardiovascular toxicity for both drugs, with abirater-
one increasing risk of both cardiac events and hypertension
events and enzalutamide only increasing risk of hypertension
events (5). A comparative effectiveness study using Canadian
health-care data similarly found a higher risk of cardiovascular-
related hospitalizations for individuals treated with abiraterone
vs enzalultamide (6). The coadministration of prednisone with
abiraterone may explain the higher risk of diabetes events.

A challenge of this type of observational research is the in-
ability to demonstrate causal relationships. The study by Lai
et al. (4) was conducted with rigor, and the findings were robust
in a series of sensitivity analyses. A falsification test assessing
the outcomes associated with a medication or procedure not
likely to affect the outcomes, such as proton pump inhibitor
therapy or a knee x-ray, may have provided additional evidence
to support a causal relationship. Nevertheless, the findings add
to growing evidence of the importance of considering cardiovas-
cular and metabolic effects of prostate cancer treatments and
thus have important clinical implications.

As the indications for these novel hormonal agents continue
to expand to include patients with both locally advanced and
metastatic prostate cancer and as duration of use increases, the
potential impact on cardiovascular and metabolic health is im-
portant to consider. Cardiovascular disease is the most frequent
cause of noncancer death among individuals with metastatic
prostate cancer (7). Although more research is needed to fully
understand the mechanisms for cardiovascular disease risks
and differences between enzalutamide and abiraterone, the
existing evidence suggests that there is likely some increase in
risk of cardiovascular disease with these treatments as well as
elevated blood sugars and diabetes risk with abiraterone.
Decisions about initiating abiraterone or enzalutamide should
include discussions with patients about both benefits and
harms of the treatments, including the potential cardiovascular
and metabolic adverse events, and consider existing comorbid-
ities in treatment choice. In addition, regardless of the treat-
ment selected, urologists and oncologists should engage
patients’ primary care clinicians and together support behav-
ioral changes that can lower risks for diabetes and cardiovascu-
lar disease, including prioritizing healthy diet and regular
exercise. Clinicians should also discuss other strategies for car-
diovascular and diabetes risk reduction based on patients’ risk
profiles (8-10). Looking beyond the tumor to consider the whole
patient will help to optimize the overall health of individuals
being treated for prostate cancer.

Funding

No funding was used for this editorial.

Notes
Role of the funder: Not applicable.

Disclosures: The author has no potential conflicts to disclose.
NLK, who is a JNCI Associate Editor and author of this editorial,
was not involved in the editorial review or the decision to pub-
lish this manuscript.

Author contributions: NLK: writing, original draft; writing, re-
view & editing.

Data Availability

No data were generated or analyzed for this editorial.

References

1. Keating NL, O’'Malley AJ, Smith MR. Diabetes and cardiovascular disease dur-
ing androgen deprivation therapy for prostate cancer. J Clin Oncol. 2006;24(27):
4448-4456.

. Saigal CS, Gore JL, Krupski TL, Hanley J, Schonlau M, Litwin MS; Urologic
Diseases in America Project. Androgen deprivation therapy increases cardio-
vascular morbidity in men with prostate cancer. Cancer. 2007;110(7):
1493-1500.

. Keating NL, O'Malley AJ, Freedland SJ, Smith MR. Diabetes and cardio-
vascular disease during androgen deprivation therapy: observational
study of veterans with prostate cancer. J Natl Cancer Inst. 2010;102(1):
39-46.

4. Lai LY, Oerline MK, Caram MEV, et al. Risk of metabolic and cardiovascular
adverse events with abiraterone or enzalutamide among men with ad-
vanced prostate cancer. ] Natl Cancer Inst. 2022;114(8):1127-1134.

. Tacovelli R, Ciccarese C, Bria E, et al. The cardiovascular toxicity of abirater-
one and enzalutamide in prostate cancer. Clin Genitourin Cancer. 2018;16(3):
e645-e653.

6. Hu J, Aprikian AG, Vanhuyse M, Dragomir A. Comparative cardiovascu-
lar safety of novel hormonal agents in metastatic castration-resistant
prostate cancer using real-world data. Clin Genitourin Cancer. 2022;20(1):
17-24.

. Elmehrath AO, Afifi AM, Al-Husseini MJ, et al. Causes of death among
patients with metastatic prostate cancer in the US from 2000 to 2016. JAMA
Netw Open. 2021;4(8):e2119568.

8. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA guideline on the
primary prevention of cardiovascular disease: a report of the American
College of Cardiology/American Heart Association task force on clinical prac-
tice guidelines. Circulation. 2019;140(11):e596-e646.

. Virani SS, Smith SC Jr, Stone NJ, Grundy SM. Secondary prevention
for atherosclerotic cardiovascular disease: comparing recent US and
European  guidelines on  dyslipidemia. Circulation.  2020;141(14):
1121-1123.

10. Levine GN, D’Amico AV, Berger P, et al; American Heart Association
Council on Clinical Cardiology and Council on Epidemiology and
Prevention, the American Cancer Society, and the American Urological
Association. Androgen-deprivation therapy in prostate cancer and car-
diovascular risk: a science advisory from the American Heart
Association, American Cancer Society, and American Urological
Association: endorsed by the American Society for Radiation Oncology.
Circulation. 2010;121(6):833-840.

N

w

v

~N

©



