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Abstract
Background: Enzalutamide is an antiandrogen used to treat both metastatic and nonmetastatic prostate cancer. Here we present
results from a phase 2 trial designed to determine the safety, tolerability, and efﬁcacy of adding enzalutamide to standard androgen
deprivation therapy with radiation therapy in high-risk localized or regional, nonmetastatic patients with prostate cancer.
Methods and Materials: Enrollment criteria included at least 2 of the following: stage cT3a/b, prostate speciﬁc antigen (PSA) ≥20 ng/mL,
Gleason grade 8 to 10, ≥33% core involvement on biopsy, or pelvic lymph node involvement on computed tomography or magnetic
resonance imaging. Patients with metastatic disease were excluded. All patients received 24 months of leuprolide and enzalutamide, and 5
weeks of intensity modulated radiation therapy followed by a brachytherapy boost. Adverse events (AE), PSA, testosterone, and basic
laboratory tests were then followed for up to 36 months. Primary outcomes were safety and tolerability and PSA complete response rate
(PSA-CR, deﬁned as PSA ≤0.3). Secondary outcomes included time to biochemical recurrence (BCR; nadir + 2 ng/mL).
Results: Sixteen patients were enrolled; 2 were ineligible and 3 withdrew before starting treatment. Median age at enrollment was 69.0 years
(interquartile range [IQR] 11.5). Median treatment duration was 24.0 months (IQR 11.9). Median follow-up time was 35.5 months (IQR 11.2), and
9 of 11 (81.8%) patients completed the 36 months of follow-up. One of 11 (9%) patients had grade 4 AE (seizure), and no grade 5 AE were reported.
Four of 11 (36.4%) patients had grade 3 AE, such as erectile dysfunction and hot ﬂashes. All patients achieved PSA-CR, and median time to PSA-CR
was 4.2 months (IQR 1.4). At 24 months follow-up, 0 of 11 (0%) patients had a biochemical recurrence. At 36 months, 1 of 9 (11.1%) patient had a
biochemical recurrence. Of note, this patient did not complete the full 24 months of enzalutamide and leuprolide due to AEs.
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Conclusions: Enzalutamide in combination with standard androgen deprivation therapy and radiation therapy was well-tolerated and
effective warranting further study in a randomized controlled trial.
© 2022 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Prostate cancer (PCa) is the most common noncutaneous malignancy among men in the United States, with an
estimated 250,000 new cancer cases in 2021.1 Approximately 15% of individuals with localized disease are identiﬁed as “high-risk” for disease recurrence.2,3 Multiple
different classiﬁcation systems exist, such as the D’Amico
and National Comprehensive Cancer Network classiﬁcation systems, which use prostate speciﬁc antigen (PSA)
recurrence as a primary end point and deﬁning high-risk
disease as at least greater than clinical cT2c, Gleason score
of 8 or more, or a PSA greater than 20 ng/mL.3-6 Deﬁnitive
radiation therapy (RT) with the addition of 18 to 36 months
of androgen deprivation therapy (ADT) is a primary option
for patients with high-risk localized or regional PCa, which
has been shown to signiﬁcantly improve disease control and
PCa-speciﬁc mortality outcomes compared with RT alone
or RT with ADT; however, there is room for improvement,
with recent data reporting 8-year biochemical recurrence
rates of 20% to 50% and 8-year overall survival (OS)
reported between 70% to 80%.7
Multiple trials have sought to improve survival outcomes
of ADT with RT through the addition of additional therapeutic agents. For example, the radiation therapy oncology
group (RTOG) 9902 trial did not show clinical beneﬁt,
including OS, of addition of adjuvant paclitaxel, estramustine, and etoposide chemotherapy after combined ADT and
RT in high-risk PCa.8 Similarly, a study by D’Amico and
colleagues this year demonstrated no improvement in OS
from addition of adjuvant docetaxel after combined ADT
and RT in nonmetastatic unfavorable-risk PCa9; in contrast,
the RTOG 0521 trial demonstrated improvement in OS
from addition of adjuvant docetaxel after combined ADT
and RT in high-risk PCa.10 Combination therapy of luteinizing hormone releasing hormone (LHRH)-agonist therapy and antiandrogens leading to greater androgen
suppression has been shown to improve clinical outcomes
in patients with castrate-sensitive metastatic PCa (CSPC).
In a large phase 3 trial, Crawford et al demonstrated
improved clinical response, progression free survival, and
OS in metastatic PCa patients receiving the combination of
leuprolide and ﬂutamide, a nonsteroidal androgen receptor
(AR) antagonist, compared with leuprolide alone.11 The
authors noted in this study that the greatest OS beneﬁt was
seen in patients with limited disease. Similarly, addition of
abiraterone to ADT for patients was investigated in the
STAMPEDE trial, demonstrating favorable overall survival
in the combination therapy compared with ADT alone.12

Enzalutamide is a second-generation nonsteroidal AR
antagonist, which unlike ﬁrst-generation antagonists,
affect key components of AR signaling including androgen binding, nuclear translocation, and DNA binding of
AR.13 Enzalutamide also has high afﬁnity for AR, with
preclinical studies demonstrate 9-fold greater afﬁnity
compared with ﬁrst-generation antagonist bicalutamide.14
In phase 3 clinical trials, enzalutamide in combination
with ADT improved overall survival in patients compared
with placebo in castrate-resistant PCa (CRPC).15,16 Furthermore, enzalutamide was found to be active in men
with hormone-naïve PCa, with 92.5% of men demonstrating a PSA decline of 80% or more.17,18 Of note, 25% of
patients in this study underwent radiation therapy in
addition to enzalutamide, which was well-tolerated.
We hypothesize that the additional androgen receptor signaling inhibition provided by enzalutamide when combined
with standard ADT can reduce recurrence rates in localized
or regional nonmetastatic PCa patients receiving deﬁnitive
radiation therapy. In this phase 2 trial, we aimed to assess
feasibility, safety, and tolerability of combining enzalutamide
to ADT in such patients undergoing deﬁnitive radiation therapy and assess PSA response and recurrence.

Methods and Materials
Ethical approval
This clinical study (ClinicalTrials.gov Identiﬁer:
NCT02508636) was approved by the UCSF Institutional
Review Board and was conducted in accordance with
Good Clinical Practice. The study was monitored by the
UCSF Helen Diller Family Comprehensive Cancer Center
Data and Safety Monitoring Committee in accordance
with the National Cancer Institute-approved Data and
Safety Monitoring Plan. Informed consent was obtained
from all individual participants included in the study
before any study related procedures. All procedures performed in studies involving human participants were in
accordance with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Eligibility criteria
The patients eligible for inclusion had high-risk localized or regional PCa, deﬁned as having at least 2 of the
following criteria: stage cT3a/b disease as determined by
transrectal ultrasound of the prostate, PSA ≥20 ng/mL,
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Gleason grade 8 to 10, ≥33% core involvement on prostate biopsy; or ≥1 cm pelvic lymph node(s) identiﬁed on
computed tomography (CT) or magnetic resonance imaging (MRI). Staging scans at diagnosis included bone scan
or NaF positron emission tomography/CT scan, and pelvic and prostate MRI. Patients with evidence of metastatic
disease were excluded. No prior androgen deprivation
therapy (ADT) was permitted. Patients with history of
bilateral orchiectomies for other reasons were excluded.
Patients with the following conditions were excluded:
concomitant malignancies within the past 3 years, adrenal
disorders and chronic treatment with glucocorticoids
within the past 1 year, chronic renal disease (with serum
creatinine >2.0 mg/dL, and conﬁrmed by creatinine clearance <40 mL/min), chronic liver disease (with bilirubin
>1.5 £ the upper limit of normal, ALT or AST
>2 £ upper limit of normal), active or uncontrolled viral
hepatitis, history of seizure or condition that may predispose to seizure, and clinically signiﬁcant cardiovascular
disease (myocardial infarction within 6 months, uncontrolled angina within 3 months, congestive heart failure
New York Heart Association class 3 or 4, clinically signiﬁcant ventricular arrhythmias, Mobitz II second degree or
third degree heart block without pacemaker, and uncontrolled hypertension). All patients had Eastern Cooperative Oncology Group (Zubrod) performances scores of 0
to 2 at enrollment. Enrollment had to be completed
within 180 days of diagnosis.

Study design and treatment
We performed a single arm, single site, phase 2 clinical
trial. The therapeutic regimen is summarized in Fig 1.
Day 0 was deﬁned as the ﬁrst day of administration of leuprolide, an LHRH agonist. Leuprolide was administered
via intramuscular injections in 1-month, 3-month, 4month, or 6-month formulations. Enzalutamide administration was initiated within 7 days of leuprolide initiation,
and 160 mg of enzalutamide were given orally each day.
The goal was for all patients to receive a total of 24
months of both leuprolide and enzalutamide. All patients
then had ﬁducial marker placement between days 31 to
37. Radiation therapy was then initiated between days 53
to 67. All patients received conventional whole pelvis
intensity modulated radiation therapy or volumetric modulated arc therapy for 5 weeks, 45 Gy total. Patients with
N1 disease also received an intensity modulated radiation
therapy or volumetric modulated arc therapy boost to
involved nodes to a total dose of 55 to 59.4 Gy in 25 to 33
fractions using either sequential or integrated boost technique. External beam RT was followed by a high-dose
rate prostate brachytherapy boost of 15 Gy in 1 fraction.
External beam radiation planning goals included planning
target volume (PTV) V100% >95%; rectum V40Gy
<20%, bladder V40Gy <30%, which were met in all cases.

Fig. 1 Androgen deprivation therapy and radiation therapy study protocol. Abbreviations: IMRT = intensitymodulated radiation therapy; PSA = prostate speciﬁc antigen; RT = radiation therapy.

Brachytherapy planning goals included PTV coverage
>95%, rectum V75% <1 cm3, bladder V75% <1 cm3, and
urethra V120% = 0. PTV margins were 5 to 7 mm for
prostate or seminal vesicles, 5 to 7 mm for involved nodes,
5 mm for elective lymph nodes, and 0 mm for brachytherapy. Image-guided radiation therapy was performed using
daily cone beam CT with prostate ﬁducial marker alignment. All patients receiving external beam RT were
instructed to use an enema and drink ﬂuid before CT simulation to achieve a comfortably full bladder and empty
rectum; enema was not required during daily radiation
delivery. PSA, testosterone, and basic laboratory tests
(CBC, CMP) were monitored throughout the study and
for a total of 36 months of follow-up (at enrollment, 6
weeks, 3-4 months, 6 months, 12 months, 18 months, 24
months, and 36 months). Changes in HgbA1c, fasting
glucose, liver enzymes, lipid, and cholesterol levels were
assessed at enrollment, 12, and 24 months. All adverse
events were recorded weekly during treatment, then every
3 to 6 months for up to 24 months after radiation therapy
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and ﬁnally at 36 months after radiation therapy. Adverse
events were deﬁned according to Common Terminology
Criteria for Adverse Events version 4.0 criteria. Changes
in patient reported quality of life were measured with the
use of the Expanded Prostate Cancer Index Composite
(EPIC) score, the Patient-Reported Outcomes Measurement Information System (PROMIS), and the EuroQol5D (EQ-5D) score at enrollment, 12 months, and 24
months. Sample size was determined based on power calculations for the primary objectives of PSA-CR and toxicity, with an initial enrollment goal of 53 patients with
high-risk localized or regional PCa.

Study objectives
The primary objectives of this study were to determine
the rate of acute toxicity (≤90 days within the completion
of radiation therapy), late toxicity (≥91 days within the
completion of radiation therapy to 24 months of followup), and to determine the PSA complete response rate
(PSA-CR), deﬁned as PSA nadir ≤0.3 ng/mL,19 in these
patients at 120 days after initiation of ADT. Secondary
objectives included determining PSA nadir, evolution of
testosterone levels and changes in HgbA1c, fasting glucose, insulin, lipid, and cholesterol levels during and after
treatment, and time to BCR as determined by the ASTRO
Phoenix deﬁnition of PSA nadir + 2 ng/mL.19 Another
secondary objective was to determine changes in qualityof-life outcomes, and EPIC-26, PROMIS, and EQ-5D
scores at enrollment and at 12 and 24 months. Time to
PSA-CR and time BCR were deﬁned from day 0 of the
study, the initiation of ADT. Statistical signiﬁcance was
set at P < .05 for Kruskal-Wallis analysis of variance testing for quality of life and laboratory value comparisons.
Data reporting and statistical analysis was done with
STATA 16 (StataCorp) and Graphpad Prism.

Results
Patient characteristics
A ﬂow diagram including enrollment and follow-up of
the trial are summarized in Fig 2. Sixteen total patients
were enrolled in the study between December 2015 and
August 2020. Two patients were later found to not be eligible, and 3 withdrew before starting treatment. The baseline
clinical and biological characteristics are presented in
Table 1. Median age at enrollment was 69.0 years (interquartile range [IQR] 11.5). Six (54.5%), 2 (18.2%), and 1
(9.1%) patients were White, Black, and Asian, respectively.
All patients had baseline Eastern Cooperative Oncology
Group scores 0 to 1. Median body mass index was 26.7
(IQR 4.0). Eight (72.7%) patients had tumors T3 or higher,

Fig. 2 Consolidated Standards of Reporting Trials
(CONSORT) diagram of study design.

and 8 patients (72.7%) had N1 disease. Three (27.3%), 3
(27.3%), and 4 (36.4%) patients had Gleason grade 7, 8,
and 9 disease, respectively. Median starting PSA and testosterone was 18.8 ng/mL (IQR 49.4) and 561 ng/dL (256),
respectively. Median treatment duration was 24.0 months
(IQR 11.9). Median follow-up time was 35.5 months (IQR
11.2), and 9 of 11 (81.8%) had protocol-deﬁned follow-up
completion of 36 months.

Clinical outcomes
Ten of 11 patients (90.9%) achieved PSA-CR at
120 days after initiation of ADT, with median time to
PSA-CR of 4.20 months (IQR 0.83) and median nadir
PSA was 0.015 ng/mL (IQR 0.015). All 11 patients
achieved PSA-CR at completion of RT. Median time to
testosterone <50 ng/dL from initiation of ADT was 1.73
months (IQR 0.8), and median nadir testosterone was
18 ng/dL (IQR 6.5). PSA and testosterone laboratory
measurements during follow-up period after completion
of ADT, enzalutamide, and RT are summarized in Table 2.
At 24 months of follow-up, 0 of 11 patients (0%) had
BCR. Two patients were lost to follow-up between 24 and
36 months. At 36 months follow-up, 1 of 9 patients
(11.1%) had BCR, with a time to BCR of 21.8 months. Of
note, this patient discontinued therapy due to AE and did
not complete the full 24 months of enzalutamide and leuprolide due to AEs.
Basic laboratory values at enrollment, 12 months, and
24 months follow-up are summarized in Table E1. There
were no signiﬁcant differences in levels of triglycerides,
total cholesterol, high-density lipoprotein or low-density
lipoprotein cholesterol, HgbA1c, blood glucose, creatinine, hemoglobin, or platelets at 12 or 24 months after
treatment. AST, ALT, and White blood cell counts were
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Table
1 Patient
characteristics

demographics

and

clinical

Baseline demographics
and clinical characteristics
at trial initiation
N

11

Median age (IQR)

69.0 (11.5)

Race/ethnicity (%)
Black

2 (18.2%)

White

6 (54.5%)

Asian

1 (9.1%)

Hispanic/Latino

0 (0%)

Unknown

2 (18.2%)

ECOG (%)
0

9 (81.2%)

1

2 (18.8%)

2

0 (0%)

Median BMI (IQR)

26.7 (4.0)

T Stage
T2a
T2b
T2c
T3a
T3b

1 (9.1%)
1 (9.1%)
1 (9.1%)
2 (18.8%)
6 (54.5%)

N stage
N0
N1

3 (27.3%)
8 (72.7%)

Gleason grade
7
8
9

3 (27.3%)
3 (27.3%)
4 (36.4%)

Median starting PSA
in ng/mL (IQR)

18.8 (40.9)

Median starting testosterone
in ng/dL (IQR)

561 (223)

Median ADT treatment
duration in months (IQR)

24.0 (11.9)

Median follow-up duration
in months (IQR)

35.5 (11.2)

Abbreviations: BMI = body mass index; ECOG = Eastern Cooperative Oncology Group performance score; IQR = interquartile range;
PSA = prostate speciﬁc antigen.

signiﬁcantly lower after treatment (P = .009, P = .001, and
P = .01, respectively).

Safety
All therapy-related AEs are summarized in Table 3. No
grade 5 AEs were reported. One (9%) patient had grade 4
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AE (seizure), and 4 (36.4%) patients had 6 total grade 3
AEs, including erectile dysfunction (2; 18.2%), myalgias
(1; 9%), chronic kidney disease (1; 9%), anorexia (1; 9%),
and hot ﬂashes (1; 9%). Four patients (36.4%) stopped
treatment early due to seizure, myalgias, hematuria, and
social reasons. Of note, the seizure episode occurred 4
weeks after starting the study drug with negative workup
including brain MRI; the ﬁndings were evaluated by a
board-certiﬁed neurologist, who determined the event to
be unlikely related to the study drug and discussed with
the Institutional Review Board, who determined that continuation of the study was appropriate. Seven patients
(62.6%) completed the 24-month therapeutic course. The
most common minor (grade 1 or 2) AEs of the treatment
regimen were hot ﬂashes (11; 100%), urinary frequency
(11; 100%), urinary urgency (11; 100%), and erectile dysfunction (8; 72.7%).

Quality of life outcomes
EPIC-26 scores at enrollment, and at 12- and 24month follow-up are summarized in Table E2. No signiﬁcant differences were reported in urinary or bowel measures or depression. There were signiﬁcant decreases in
reported sexual function outcomes, including ability to
have an erection (P = .0005), ability to reach orgasm
(P = .0057), quality of erections (P = .037), frequency of
erections (P = .0029), and ability function sexually
(P = .0048). There were signiﬁcant increases in reported
hot ﬂashes (P = .0015), lack of energy (P = .042), and
change in body weight (P = .02). Notably, the reported
severity of sexual function, hot ﬂashes, and lack of energy
were improved at 24 months follow-up compared with 12
months, although these changes were not statistically signiﬁcant.
PROMIS scores at enrollment, 12 and 24 months are
summarized in Table E3. No signiﬁcant differences were
reported in all questions, including measures of physical
function, anxiety, depression, fatigue, sleep disturbance,
satisfaction with participation in social roles, and pain.
EQ-5D scores at enrollment, and at 12- and 24-months
follow-up are summarized in Table E4. No signiﬁcant differences were reported for mobility, self-care, usual activity, pain or discomfort, and anxiety or depression.
Signiﬁcant increases in overall health state were reported
at 12 months and 24 months (P = .0038).

Discussion
The addition of ADT to deﬁnitive RT is a primary
treatment modality for patients with high-risk localized
PCa, as established by the landmark RTOG 85 to 31 and
European Organisation For Research And Treatment Of
Cancer (EORTC) 22863 trials demonstrating superiority
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PSA and testosterone values at follow-up
Enrollment
11

6-8 wk
11

3-4 mo
11

6 mo
11

12 mo
11

18 mo
11

24 mo
11

36 mo
7

Median PSA in
ng/mL (IQR)

18.8 (49.4)

0.027 (0.52)

0.015 (0.024)

0.015 (0.038)

0.015 (0.009)

0.015 (0.044)

0.1 (0.085)

0.14 (0.34)

Median testosterone
in ng/dL (IQR)

561 (256)

19 (7)

19 (8)

21 (10)

20 (28)

21 (27)

147 (234)

240 (474)

0

0

0

0

0

11.1

N

PSA-CR (%)

100

BCR (%)

0

Abbreviations: BCR = biochemical recurrence; IQR = interquartile range; PSA = prostate speciﬁc antigen.

Table 3

Treatment related adverse events

Adverse event (%)

Any grade

Grade 3

Alopecia

1 (9.1%)

0 (0%)

Anorexia

1 (9.1%)

1 (9.1%)

Aspartate aminotransferase increased

0 (0%)

0 (0%)

Chronic kidney disease

1 (9.1%)

1 (9.1%)

Cognitive disturbance

2 (18.2%)

0 (0%)

Constipation

1 (9.1%)

0 (0%)

Creatinine increased

1 (9.1%)

0 (0%)

Cystitis noninfective

2 (18.2%)

0 (0%)

Diarrhea

3 (27.3%)

0 (0%)

Dysgeusia

1 (9.1%)

0 (0%)

Erectile dysfunction

10 (90.9%)

2 (18.2%)

Fatigue

2 (18.2%)

0 (0%)

Gastroesophageal reﬂux disease

1 (9.1%)

0 (0%)

Gastrointestinal disorders: Other

1 (9.1%)

0 (0%)

General disorders and administration site conditions: Other

1 (9.1%)

0 (0%)

Headache

1 (9.1%)

0 (0%)

Hot ﬂashes

11 (100.0%)

1 (9.1%)

Libido decreased

1 (9.1%)

0 (0%)

Lightheadedness

1 (9.1%)

0 (0%)

Lymphedema

2 (18.2%)

0 (0%)

Musculoskeletal and connective tissue disorder: Other

2 (18.2%)

0 (0%)

Myalgia

1 (9.1%)

1 (9.1%)

Proctitis

1 (9.1%)

0 (0%)

Renal and urinary disorders: Other

1 (9.1%)

0 (0%)

Reproductive system and breast disorders: Other

1 (9.1%)

0 (0%)

Skin and subcutaneous tissue disorders: Other

1 (9.1%)

0 (0%)

Urinary frequency

11 (100.0%)

0 (0%)

Urinary incontinence

3 (27.3%)

0 (0%)

Urinary retention

4 (36.4%)

0 (0%)

Urinary tract infection

1 (9.1%)

0 (0%)

Urinary urgency

11 (100.0%)

0 (0%)

Weight gain

3 (27.3%)

0 (0%)

Total

85
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in terms of disease-free survival and overall survival of RT
with ADT compared with RT alone.20,21 Similarly, for
regional node-positive, nonmetastatic disease, retrospective analyses have also shown signiﬁcantly higher rates of
failure-free survival or OR in patients receiving deﬁnitive
RT in addition to ADT.22-25 The duration of ADT treatment has been a subject of debate, but data from multiple
studies including TROG 03.04 RADAR, RTOG 92 to 02,
DART 01/05 GICOR, and EORTC 22961 showed
improvements in overall survival with prolonged ADT of
18 to 36 months.26-29 The addition of an antiandrogen to
a standard LHRH agonist has shown promise to further
improve outcomes in high-risk PCa but has not been adequately addressed in clinical trials.
Enzalutamide was the ﬁrst second-generation AR
antagonist approved by the Food and Drug Administration and is now approved in combination with ADT for
the treatment of castration resistant PCa, irrespective of
the presence of metastases, pre- and postchemotherapy
metastatic CRPC (mCPC), nonmetastatic CRPC
(nmCPRC), and as ﬁrst-line therapy in mCSPC.30 There
is an increasing number of studies assessing the efﬁcacy
of enzalutamide in combination with current standard of
care RT treatments. For example, Kaplan et al demonstrated effectiveness of enzalutamide monotherapy as a
possible replacement for ADT in patients with intermediate PCa undergoing radiation therapy, using PSA
response as a primary end point.31 Similarly, the
STREAM and RTOG 3506 trials are currently evaluating
enzalutamide in the salvage radiation setting in conjunction with ADT.26,32 Most recently, Attard et al in the
phase 3 STAMPEDE trial show convincing evidence that
addition of abiraterone with or without enzalutamide
leads to improvement in metastasis-free and overall survival compared with ADT alone in high-risk PCa;
although the addition of enzalutamide to abiraterone and
ADT did not appear to provide additional treatment
effect, the authors add the caveat that the study design
could not exclude beneﬁt of enzalutamide.33 In this single
arm, single site, phase 2 clinical trial, we demonstrate that
combining nonsteroidal AR antagonist enzalutamide and
leuprolide in patients undergoing deﬁnitive radiation
therapy is reasonably well-tolerated and effective.
Most common side effects of the therapeutic regimen
reported in this study include erectile dysfunction, myalgias, and hot ﬂashes, which are all well-characterized toxicities of ADT.34 In our study, the rate of grade 3 adverse
events was 36%, which compares to 49% in the ENZAMET trial and 24.3% in the ARCHES trial, 2 commonly
cited phase 3 randomized controlled trials of ADT and
enzalutamide.35,36 Two patients terminated treatment due
to ADT-related adverse effects, which is roughly in line
with the 6% and 7.2% proportion of patients who terminated enzalutamide with ADT treatment in the ENZAMET and ARCHES trials, respectively.35,36 Urinary
symptoms such as frequency and urgency were also
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described in our cohort, known toxicities associated with
pelvic radiation therapy.37 One patient in the cohort
developed seizures, subsequently leading to discontinuation of enzalutamide. Despite the negative workup and
determination that the event to be unlikely related to the
study drug, a direct relationship between the reported seizure and the study treatment cannot be excluded. Seizures
are a known side effect of enzalutamide therapy, and has
been identiﬁed as the most common adverse reaction
leading to study treatment discontinuation with reported
incidence of 0.6 to 0.9%.17,38 The UPWARD study
recently showed that enzalutamide did not increase seizure incidence in men with pre-existing seizure risk factors, suggesting safety of use for PCa treatment in these
cohorts.39 Overall, the AE proﬁles of the addition of enzalutamide to ADT and RT were in line with a priori expectations; furthermore, at 12 months and 24 months of
follow-up, patients demonstrated signiﬁcant improvements in subjective reporting of their health state, further
suggesting long-term tolerability of the treatment regimen.
Ten of 11 patients (91%) achieved PSA-CR at
120 days after initiation of ADT, which is favorable compared with the historic proportion of 70% from the
RTOG 9413 trial.40 All patients achieved PSA-CR, with
median time to PSA-CR of 4.2 months, which aligns
closely with the reported time to PSA-CR of 3.7 months
from RTOG 9413. Response was sustained, with no BCR
at 24 months follow-up in all 11 patients and 1 out of 9
patients with BCR at 36 months follow-up. Of note, this
patient did not complete the full 24 months of enzalutamide and leuprolide due to AEs. These data are comparable to the reported 4-year BCR of more than 30% in
the RTOG 9413 study in an equivalent cohort.41 Conclusions about efﬁcacy of the combination in this study are
limited by sample size, duration of follow-up and lack of
a control group; larger clinical trials are thus required to
deﬁnitively assess the relative clinical beneﬁt of the combination therapy. One such clinical trial is the
ENZARAD trial (NCT02446444), a phase 3 study investigating the addition of enzalutamide combined with
ADT for patients with high-risk PCa undergoing primary radiation therapy, which has completed accrual
and is anticipated to be completed between 2023 to
2024.

Conclusions
This trial suggests that combining nonsteroidal AR antagonist enzalutamide and leuprolide in patients undergoing
deﬁnitive radiation therapy is reasonably well-tolerated and
effective in achieving PSA complete response in high-risk
localized or regional PCa. These results are promising, and
future randomized controlled trials using larger patient
cohorts with longer follow-up periods are thus warranted.
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Supplementary materials
Supplementary material associated with this article can
be found, in the online version at doi:10.1016/j.adro.2022.
100941.
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