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Abstract
Background: Androgen deficiency is common among prostate cancer survivors, but
many guidelines consider history of prostate cancer a contraindication for testosterone
replacement. We determined the safety and efficacy of a selective androgen receptor
modulator (OPK-88004) in symptomatic, testosterone-deficient men who had undergone
radical prostatectomy for low-grade, organ-confined prostate cancer.
Methods: In this placebo-controlled, randomized, double-blind trial, 114 men, ≥19 years
of age, who had undergone radical prostatectomy for low-grade, organ-localized
prostate cancer, undetectable PSA (<0.1 ng/mL) for ≥2 years after radical prostatectomy
and testosterone deficiency were randomized in stages to placebo or 1, 5, or 15 mg OPK88004 daily for 12 weeks. Outcomes included PSA recurrence, sexual activity, sexual
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The majority of men diagnosed today with prostate cancer
have low-grade, organ-confined prostate cancer and excellent prospects of long-term survival (1-4). Substantial
improvement in survival of men with prostate cancer has
focused attention on the high prevalence of sexual dysfunction, physical dysfunction, and low energy, which are important contributors to suboptimal health-related quality
of life among survivors (5-9). The pathophysiology of these
symptoms after radical prostatectomy is multifactorial,
but androgen deficiency is an important remediable contributor to some of the bothersome symptoms, such as low
libido, erectile dysfunction, low energy, and physical dysfunction (10-17).
Androgen signaling plays an important role in prostate
cancer growth (18-20). Testosterone therapy promotes the
growth of metastatic prostate cancer and androgen deprivation causes the regression of metastatic prostate cancer
(21-23). However, epidemiologic studies have not revealed
a consistent relationship between testosterone levels and
prostate cancer risk (24). Intervention studies found little
or no effect of testosterone administration on intraprostatic
androgen concentrations or on androgen-dependent gene
expression in the prostate (25, 26). Retrospective analyses
and open-label studies of testosterone replacement in men
with prostate cancer who had undergone radical prostatectomy have reported low rates of disease recurrence
(27-36). However, Mendelian randomization analysis of
the UK biobank data found that genetically determined
higher testosterone levels are associated with increased risk
of prostate cancer (37). Furthermore, men with Klinefelter
syndrome have reduced incidence of prostate cancer and
prostate cancer-specific mortality (38). These data suggest
that long-term exposure to testosterone could increase

prostate cancer risk. The guidelines of many professional
societies list history of prostate cancer as a contraindication
for testosterone treatment (11, 39). However, testosterone
use has been growing among prostate cancer survivors,
who have undergone radical prostatectomy and have
symptoms of testosterone deficiency (27), even though neither the safety nor the efficacy of testosterone therapy has
been established in randomized trials in this population.
Selective androgen receptor modulators (SARMs)
are a class of ligands that bind androgen receptor and
display tissue-selective anabolic activity in the muscle,
antiresorptive and anabolic activity in bone, and selectivity
for muscle vs prostate (40-44). OPK-88004 (Transition
Therapeutics, a subsidiary of OPKO Pharmaceuticals,
Miami, FL), a tissue-selective SARM, displays agonist activity in the muscle and osteoanabolic properties on bone
mass and biomechanical strength at doses that exhibit
no significant effect on prostate and seminal vesicles in
gonadectomized mice, induces prostate atrophy in dogs,
and suppresses the growth of androgen receptor–positive
prostate cancer explants in mice (unpublished data provided by Transition Therapeutics, a subsidiary of OPKO
Pharmaceuticals, Miami, FL). In phase 1 human studies, the
administration of OPK-88004 suppressed PSA in healthy
men. A SARM would be particularly attractive in prostate
cancer survivors because it could mitigate the potential
risk of prostate cancer growth associated with testosterone
administration. This proof-of-concept trial was conducted
to determine the safety and generate preliminary evidence
of efficacy of this SARM in men who had undergone radical prostatectomy for low-grade, organ-confined prostate cancer and had symptomatic testosterone deficiency.
As this was the first randomized trial of an androgen in
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desire, erectile function, body composition, muscle strength and physical function
measures, mood, fatigue, and bone markers.
Results: Participants were on average 67.5 years of age and had severe sexual dysfunction
(mean erectile function and sexual desire domain scores 7.3 and 14.6, respectively). No
participant experienced PSA recurrence or erythrocytosis. OPK-88004 was associated
with a dose-related increase in whole-body (P < 0.001) and appendicular (P < 0.001) lean
mass and a significantly greater decrease in percent body fat (P < 0.001) and serum
alkaline phosphatase (P < 0.001) than placebo. Changes in sexual activity, sexual desire,
erectile function, mood, fatigue, physical performance, and bone markers did not differ
among groups (P = 0.73).
Conclusions: Administration of OPK-88004 was safe and not associated with PSA
recurrence in androgen-deficient men who had undergone radical prostatectomy for
organ-confined prostate cancer. OPK-88004 increased lean body mass and decreased fat
mass but did not improve sexual symptoms or physical performance.
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prostate cancer survivors, there was substantial concern
about safety of administering an androgen to men with history of prostate cancer. Therefore, it was necessary to proceed cautiously, starting with a short-term 12-week trial.

Study Design

Participants
The participants were men 19 years of age or older, with
confirmed diagnosis of prostate cancer, who had undergone
radical prostatectomy for low-grade, organ-localized prostate cancer with very low risk of disease recurrence (Gleason
score 6 or 7 [3 + 4]), preoperative PSA < 10 ng/mL; and
undetectable PSA levels (<0.1 ng/mL using a sensitive PSA
assay) for 2 or more years after radical prostatectomy. The
participants were required to have a fasting morning serum
testosterone level, measured using liquid chromatography
tandem mass spectrometry in a central laboratory (Quest
Diagnostics, Chantilly, VA), less than 300 ng/dL and/or free
testosterone measured by the equilibrium dialysis method
≤70 pg/mL, and one or more of the following: sexual dysfunction (low sexual desire [DeRogatis Inventory of Sexual
Function for Men—II score (DISF-M-II) ≤20 in the sexual
desire domain]) (45); erectile dysfunction (International
Index of Erectile Function [IIEF] erectile function domain
score < 25) (46); fatigue (Functional Assessment of Chronic
Illness Therapy—Fatigue [FACIT-F] scale score < 30) (47);
or physical dysfunction indicated by self-reported difficulty
in walking a 1/4 mile or climbing 2 flights of stairs, and
Short Physical Performance Battery score (SPPB) between 4
and 9 points. The testosterone threshold used for eligibility
was consistent with that used in other pivotal testosterone
trials (14, 15, 48, 49); we did not use the reference range
reported by Quest Diagnostics because these ranges have

varied over time and the information on the population
in which these reference ranges were derived has not been
published.
Men who had received radiation therapy or androgen
deprivation therapy were excluded. We also excluded men
with hematocrit level >50%; serum creatinine >2.5 mg/
dL; alanine transaminase (ALT) or aspartate transaminase
(AST) above the normal limits; hemoglobin A1c >7.5%
or diabetes requiring insulin therapy; body mass index
(BMI) >40 kg/m2; myocardial infarction or stroke within
3 months of screening; untreated severe sleep apnea; or
major untreated psychiatric condition.

Subject Recruitment
The participants were enrolled from the urology practices
of the Brigham and Women’s Hospital, Boston, MA, and
from the Brady Urological Research Institute at the Johns
Hopkins Medical Institute, Baltimore, MD. The men who
had radical prostatectomy for prostate cancer were identified by searching the electronic medical records (EMR)
using a structured process approved by the institutional
review boards (IRBs) of the participating institutions. The
EMR-eligible subjects underwent a 2-stage screening process. The first-stage screening was performed on the telephone using an IRB-approved script in which conformity
to major eligibility criteria was confirmed, and those who
did not have major exclusionary criteria were invited for
the second-stage screening. During the in-person screening
visit, informed consent was obtained, medical history,
medications, and pathology reports were reviewed, and
blood counts, chemistries, total and free testosterone levels,
and PSA were measured in a fasting sample obtained in the
morning. The participants meeting eligibility criteria were
scheduled for baseline assessments.

Randomization
To minimize risk to the participants, initially, the participants were randomized in 1:1:1 ratio to placebo, 1 mg
OPK-88004 or 5 mg OPK-88004 using permuted block
with varying block sizes, stratified by age group (19-50 and
>50 years) and phosphodiesterase 5 inhibitor (PDEI) use.
A prespecified blinded safety analysis of PSA recurrence
rates was performed after 50 participants had completed
the study. Because none of the first 50 randomized participants experienced a biochemical PSA recurrence or clinical
disease recurrence, the 1 mg dose, which in phase 1 studies
was found to be at the low end of dose response curve,
was discontinued and a 15-mg dose was added with the
approval of the trial’s DSMB and the IRB. Subsequently,
the eligible subjects were randomized in 1:1:3 ratio to
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The study, A Selective Androgen Receptor Modulator in
Prostate Cancer Trial (SARM-PC Trial, NCT02499497),
was a phase 2 randomized, placebo-controlled, parallel group, double-blind trial approved by the institutional review boards at Dana Farber Cancer Institute in
Boston, Massachusetts, and by the Johns Hopkins Medical
Institutions in Baltimore, Maryland. All participants provided written informed consent. An independent data and
safety monitoring board (DSMB) reviewed the study’s progress and safety every 6 months.
The trial was funded by the National Institute of Nursing
Research (1R01NR014502). Transition Therapeutics, a
subsidiary of OPKO Health, provided OPK-88004 and placebo at no cost to the trial. The sponsor played no role in
study design, analysis of data, writing the manuscript, or in
the decision to publish.
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Adherence

Safety Monitoring

The adherence was measured during weeks 4, 8, and 12 by
counting the number of tablets used, expressed as a percentage of the total number of doses that should have been
used.

The study staff and participants were blinded to treatment
assignment, which was known only to investigational drug
pharmacist and the unblinded statistician.

Serum PSA levels, complete blood counts, plasma lipids,
AST, ALT, and bilirubin were measured at baseline and
during weeks 4, 8, and 12. Biochemical recurrence was defined a priori as …“a PSA during the intervention period
of ≥0.2 ng/mL with a second confirmatory level of PSA
≥0.2 ng/mL,” as proposed by an Expert Panel of American
Urological Association (56). Adverse events (AE) and serious adverse events (SAE) summary reports were classified
using MeDRA and System Organ Classification and reviewed by the trial’s DSMB every 6 months.

Outcomes

Statistical Analyses

The primary outcome was change from baseline in sexual
activity score, assessed by the Harbor-UCLA 7-Day
Psychosexual Diary (51). Erectile function was assessed
using the 15-item International Index of Erectile Function
(IIEF) (46), sexual desire using the 25-item DeRogatis
Inventory of Sexual Function for Men—Sexual Desire (45)
and by the 25-item Male Sexual Health Questionnaire
(MSHQ) (52). The health-related quality of life (HRQOL)
was assessed using the hormonal and sexual domains of
the Expanded Prostate Cancer Index Composite (EPIC)
(53), a 50-item, disease-specific HRQOL questionnaire designed to evaluate the impact of treatments on HRQOL in
men with prostate cancer. Wellbeing was assessed using the
Positive and Negative Affect Scale (PANAS) (54).

The analyses were performed using intention-to-treat
strategy; the participants were analyzed according to
assignment at randomization. Exploratory analysis assessed data distribution, skewness, heteroscedasticity,
and modeling assumptions. Primary and secondary outcomes were expressed as change from baseline and were
analyzed using mixed effects regression models with
time-in-treatment, randomization, and time-by-treatment
interaction as fixed effects controlling for baseline values
and stratification (age and PDEI use) and subjects treated
as a random factor. The primary targets of estimation
were direct comparison of the 5-mg dose group to placebo and overall dose effect. Point estimates along with
95% CIs and P values were extracted from the models

Intervention

Blinding
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The study intervention included 1 of 3 doses of OPK88004 (1, 5, or 15 mg daily) taken orally. The comparator
group received matching placebo tablets. In phase 1 trials
in healthy volunteers, and the phase 2 trial of 6-months
duration, these doses of OPK-88004 were safe and efficacious in increasing fat-free mass. Serum PSA levels reach a
plateau within 3 months after starting testosterone treatment; therefore, a 3-month intervention duration was
deemed sufficient to detect meaningful changes in PSA (50).

Whole-body, appendicular, and trunk lean mass were
measured using dual-energy x-ray absorptiometry (DXA),
calibrated using a soft tissue phantom before each scan.
The maximal voluntary muscle strength was measured in
the leg press exercise using the 1-repetition method, and
physical function was assessed by measuring the stairclimbing speed and power, 6-minute walking distance, and
loaded and unloaded 50-meter walking speed, as described
previously (55).
Serum total testosterone levels during screening was
measured in the Quest Diagnostics Laboratory, Chantilly,
VA, using liquid chromatography tandem mass spectrometry (LC-MS/MS) method certified by the Hormone
Standardization Program for Testosterone (HoST) of the
Centers for Disease Control and Prevention, Atlanta,
Georgia. Free testosterone level for screening was measured using an equilibrium dialysis method. Serum sex hormone–binding globulin (SHBG) and luteinizing hormone
(LH) levels were measured using 2-site directed immunochemiluminescence assays with sensitivity 2.5 nmol/L, and
0.1 U/L, respectively, and coefficients of variation less than
10% in low, medium, and high range.

placebo, 5 mg OPK-88004 or 15 mg OPK-88004. Twentyfour participants were randomized using this scheme. The
study team became of aware of reversible AST and ALT
elevations at the 15-mg dose in another contemporary trial
of OPK-88004 in older adults; therefore, the 15-mg dose
was discontinued and the remaining 10 participants were
randomized to placebo or the 5-mg dose. In total, 114 participants were enrolled: 36 in the placebo arm, 28 in the
1 mg OPK-88004, 36 in the 5 mg OPK-88004, and 14 in
the 15 mg OPK-88004 groups.
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Adherence
The adherence to study medication, measured using the
medication logs and pill counts, ranged from 93.3% to
99.0% in the various intervention arms.

Prostate Safety
Serum PSA levels fluctuated between <0.1 ng/mL and
0.1 ng/mL in all groups throughout the intervention period
and no subject in the trial experienced biochemical recurrence, using the prespecified definition (see “Methods”).
There were no significant changes in lower urinary tract
symptoms, assessed using the International Prostate
Symptom Score (P = 0.10).

Other Safety Measures

Among the 2729 men who underwent telephone screening,
488 were assessed in person and 114 eligible participants were randomized (87 at the Brigham and Women’s
Hospital and 27 at the Johns Hopkins Medical Institute) to
1 of 4 treatment groups to receive placebo (N = 36), 1 mg
OPK-88004 (N = 28), 5 mg OPK-88004 (N = 36), or 15 mg
OPK-88004 (N = 14) daily (Fig. 1, CONSORT Diagram).
The most frequent reasons for screen failure included participant concerns about using an androgen and time commitment, exclusionary medical conditions, exclusionary
medications, out-of-range testosterone level, out-of-range
BMI, and not meeting the qualifying criteria for symptoms
or conditions.

No participants in any intervention arm experienced
erythrocytosis. One participant randomized to the 15-mg
dose had AST and ALT elevations above the upper limit of
normal. The proportions of men with AEs or SAEs were
similar across groups (Table 2). Three SAEs, not considered
drug-related, were observed during the study: 1 participant in the 1-mg group underwent coronary artery bypass
grafting; 1 participant in the 15-mg group was diagnosed
with lung and liver cancer; and 1 individual in the placebo
group was diagnosed with renal cancer. The observed AEs
were mild and of variable clinical significance (Table 2). For
instance, the dermatologic effects reported by subjects included poison ivy rash, bug bites, itchy sensation, skin rash,
arm hematomas, skin cuts, sunburn, bruises and abrasions,
benign cysts, and removal of actinic keratosis and basal cell
carcinoma. The musculoskeletal AEs included sore muscles,
achy muscles and joints, sore neck, sore shoulders, sprains,
sciatica, tendinitis, and muscle cramps. The infectious disease AEs included coughs and colds, flu symptoms, nasal
congestion, sore throat, sinus infection, and acute respiratory illnesses.

Participant Characteristics

Sexual Function

Baseline characteristics of the participants were similar
among the 4 groups (Table 1). The participants were on
average 67.5 years of age and overweight (BMI mean ± SD:
29.0 ± 4.1 kg/m2). The vast majority of participants were
included based on sexual symptoms (low sexual desire or
erectile dysfunction [ED]). The IIEF erectile function domain average score was 7.3 ± 7.9, indicating severe ED. The
baseline Short Physical Performance Battery (SPPB) score
was 11.2 ± 1.2, indicating that the majority of participants
had mild or no physical dysfunction.

The changes from baseline in Psychosexual Daily
Questionnaire 4 (PDQ-4) score over the 12-week intervention
period did not differ significantly across groups (P = 0.73),
and there was no significant difference between study arms
(Table 3). Overall, there were no significant differences in
the change from baseline in erectile function domain scores
among the intervention arms either using the IIEF (P = 0.15)
or the MSHQ erection domain score (P = 0.08), or in the
DISF-M-II sexual desire (P > 0.50) across the study arms
(Table 3). There were no significant differences in changes in

Results
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using treatment contrasts. Sensitivity analyses were
performed adjusting for stage of enrollment effect. For
missing data, multiple imputation by chained equations
method was used in accordance with the mixed effects
model. All analyses used 2-sided type I error probability
of 0.05. Statistical analyses were conducted using SAS
version 9.4 (SAS Institute, Cary NC) and R software version 3.2.5 (R foundation, Vienna, Austria).
The total sample size of 114 subjects per arm was required to achieve more than 90% power to reject the null
hypothesis of no overall dose effect, and to detect the difference between the 5-mg group and placebo in the primary outcome (change in sexual activity score derived
from Harbor-UCLA 7-Day Psychosexual Diary), assuming
2-sided type I error of 0.05 and 20% attrition rate and moderate to large effect sizes. As enrollment to 15-mg group
was stopped and insufficient number of participants were
randomized to this group (N = 14), there was no formal
analysis testing difference between the 15-mg arm and placebo. Similarly, simulation results indicated that this design
provided 90% statistical power to detect moderate to large
effects on other measures of sexual function and difference
between groups in lean body mass change.

2175

2176 

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 8

other domains of sexual function (eg, arousal, ejaculation, orgasm) assessed using either the DISF or the MSHQ (Table 3).

Body Composition
The administration of OPK-88004 was associated with a
dose-related increase in whole-body lean mass (P < 0.001;
Fig. 2). The changes in whole-body lean mass from baseline were significantly greater in men randomized to the
5-mg dose (average increase +1.5 kg; 95% CI: 1.0, 2.0)
than in those randomized to placebo (average change
+0.3 kg; 95% CI: −0.3, 0.8). OPK-88004 treatment was
also associated with a significant increase in appendicular
lean mass (P < 0.001); the increase in appendicular lean
body mass was significantly greater in men treated with the
5 mg (average increase +0.8 kg; 95% CI: 0.6, 1.1) relative to placebo (average change −0.03 kg; 95% CI: −0.29,
0.23). Percentage whole-body fat mass decreased modestly but significantly in men randomized to OPK-88004
(P < 0.001); the decrease in percent fat was significantly
greater in the 5 mg (average change −1.1%; 95% CI: −1.5,
−0.7) group than in the placebo group (average change
−0.1%; 95% CI: −0.6, 0.3) (Fig. 2).

Muscle Performance and Physical Function
Changes in gait speed (6-minute walk, unloaded and loaded
50 meters walk tests) did not differ across all 4 groups
and between 5 mg and control arm (Table 3: all P values
> 0.20). Similarly, there were no statistically significant differences among arms in changes from baseline in unloaded
or loaded stair climb and the maximal voluntary strength
in the leg press exercise (Table 4: all P values > 0.2).

Bone Turnover Markers
The changes in serum osteocalcin, N-telopeptide of type
I collagen (NTx), and procollagen I intact N-terminal
propeptide (PINP) did not differ significantly between arms
during intervention period (Table 5: all P values > 0.20).
Serum alkaline phosphatase showed significant difference
in change from baseline across the intervention arms (P
< 0.001); the men randomized to the 5-mg group had a
significantly greater decrease in serum alkaline phosphatase
levels than placebo (−10.2 U/L; 95% CI: −12.9, −7.6, and
−2.6 U/L; 95% CI: −5.4, 0.3, respectively). Bone-specific
alkaline phosphatase did not show an overall dose effect
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Figure 1. The CONSORT diagram. The flow of subjects through the various phases of the trial is shown.
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Table 1. Baseline characteristics of study participants by treatment arm and overall
Placebo N = 36

5 mg/day N = 36

15 mg/day N = 14

Overall N = 114

67.1 ± 7.87
92.7 ± 10.7
29.8 ± 3.89
11.1 ± 1.21

67.4 ± 8.6
89.7 ± 15.4
29.3 ± 4.1
11.1 ± 1.42

69.6 ± 7.1
86.7 ± 12.5
29.2 ± 5.1
11.1 ± 1.07

67.5 ± 7.5
88.5 ± 13.4
29.0 ± 4.1
11.2 ± 1.24

1.38 ± 1.28

1.76 ± 1.54

0.97 ± 1.20

1.50 ± 1.32

5.53 ± 0.86
1.38 ± 1.14
21.0 ± 14.7
6.5 ± 6.9
1.8 ± 3.6
4.0 ± 3.7
4.6 ± 2.0
4.1 ± 1.9

5.44 ± 1.11
1.09 ± 0.95
22.9 ± 16.0
8.0 ± 7.8
2.6 ± 3.9
4.0 ± 3.6
4.8 ± 1.9
3.6 ± 1.9

5.17 ± 0.93
1.58 ± 0.92
22.2 ± 17.3
7.2 ± 8.9
2.5 ± 4.5
3.8 ± 4.0
4.6 ± 1.6
4.6 ± 1.8

5.36 ± 1.03
1.23 ± 0.97
22.2 ± 15.9
7.3 ± 7.9
2.3 ± 4.0
4.1 ± 3.5
4.6 ± 1.8
4.1 ± 1.9

7.8 ± 6.0
1.8 ± 1.1

5.6 ± 3.9
1.7 ± 1.5

6.9 ± 3.2
2.0 ± 1.5

6.7 ± 4.8
1.8 ± 1.4

42.4 ± 19.1
14.4 ± 6.22
4.21 ± 5.31
7.18 ± 3.83
8.00 ± 6.45
8.61 ± 5.00

39.9 ± 17.3
14.9 ± 4.43
4.58 ± 4.64
6.64 ± 4.11
6.97 ± 5.26
6.75 ± 5.43

40.8 ± 20.8
14.3 ± 5.44
4.86 ± 5.63
6.43 ± 3.39
8.50 ± 6.37
6.71 ± 4.58

43.2 ± 19.3
14.6 ± 4.87
4.68 ± 5.39
7.42 ± 4.03
7.92 ± 5.82
8.55 ± 5.97

4.84 ± 2.90
7.92 ± 6.14
17.1 ± 3.82
42.1 ± 8.07

5.92 ± 3.47
8.61 ± 8.04
15.7 ± 5.68
43.2 ± 7.55

5.92 ± 4.23
8.67 ± 8.75
15.4 ± 3.70
42.4 ± 6.42

5.48 ± 3.30
7.98 ± 7.31
17.1 ± 4.99
42.4 ± 7.89

34.5 ± 5.21
13.7 ± 2.97

34.8 ± 6.38
14.0 ± 4.71

34.1 ± 7.62
17.2 ± 6.56

34.2 ± 6.46
14.6 ± 5.15

1.54 ± 0.14

1.45 ± 0.22

1.44 ± 0.21

1.50 ± 0.20

2.05 ± 0.27

2.04 ± 0.39

1.74 ± 0.29

1.99 ± 0.33

1.98 ± 0.26

1.94 ± 0.37

1.75 ± 0.31

1.93 ± 0.31

525.6 ± 103.0

471.0 ± 133.9

442.6 ± 122.3

476.5 ± 121.3

600.3 ± 119.4

557.0 ± 176.6

544.8 ± 100.9

552.2 ± 134.8

2294.0 ± 441.5
87.8 ± 15.2

2407.3 ± 420.8
84.4 ± 17.3

2347.2 ± 384.8
85.4 ± 24.1

2351.4 ± 430.8
86.6 ± 16.3

13.2 ± 3.5
18.5 ± 5.1
33.0 ± 8.3
24.7 ± 2.4
27.1 ± 5.7
56.3 ± 5.0
35.4 ± 6.03

11.8 ± 3.7
16.5 ± 4.8
29.5 ± 8.2
24.1 ± 3.8
27.4 ± 4.0
55.0 ± 7.9
33.3 ± 4.34

10.9 ± 3.2
16.5 ± 5.8
28.6 ± 9.1
23.7 ± 3.6
26.9 ± 3.4
54.1 ± 6.9
32.9 ± 6.50

11.7 ± 3.4
16.7 ± 4.9
29.7 ± 8.1
24.0 ± 3.3
27.1 ± 4.3
54.9 ± 6.8
33.5 ± 5.33
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Age, years
67.1 ± 6.1
Weight, kg
84.9 ± 12.7
BMI, kg/m2
27.9 ± 3.8
SPPB score
11.4 ± 1.15
PDQ-4
Sexual Activity score
1.55 ± 1.20
Mood
Positive
5.22 ± 1.12
Negative
1.12 ± 0.86
IIEF
22.4 ± 16.9
Erectile Function
7.2 ± 8.6
Intercourse Satisfaction
2.4 ± 4.2
Orgasmic Function
4.2 ± 3.3
Sexual Desire
4.4 ± 1.7
Overall Satisfaction
4.3 ± 2.1
IPSS
Symptom
7.1 ± 5.1
Quality of Life Due to Uri2.0 ± 1.4
nary Symptoms
DISF-M-II
48.1 ± 20.5
Sexual Desire
14.6 ± 3.97
Sexual Arousal
5.06 ± 6.18
Sexual Activity
8.78 ± 4.11
Orgasm
8.58 ± 5.75
Sexual Satisfaction
11.0 ± 6.9
MSHQ
Erection
5.32 ± 3.10
Ejaculation
7.12 ± 6.94
Satisfaction
19.1 ± 4.84
FACIT-F
41.9 ± 8.82
PANAS
Positive Affect
33.4 ± 7.07
Negative Affect
14.9 ± 6.08
Physical function
Gait speed in 6-minute walk,
1.54 ± 0.20
m/sec
Unloaded 50m walk gait
2.01 ± 0.30
speed, m/sec
Loaded 50m walk gait speed,
1.97 ± 0.27
m/sec
Unloaded stair climb power,
464.0 ± 116.3
watts
Loaded stair climb power,
523.8 ± 122.3
watts
Leg Press 1-RM, N
2333.6 ± 470.9
Physical function domain of
88.4 ± 12.4
MOS SF-36 score
DXA
Appendicular fat mass, kg
10.9 ± 2.8
Trunk Fat Mass, kg
15.7 ± 4.4
Total fat mass, kg
27.8 ± 6.9
Appendicular lean mass, kg
23.7 ± 3.2
Trunk lean mass, kg
26.9 ± 3.8
Total Lean Mass, kg
54.0 ± 6.9
Total percent fat, %
32.6 ± 5.08

1 mg/day N = 28
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Table 1. Continued
1 mg/day N = 28

5 mg/day N = 36

15 mg/day N = 14

Overall N = 114

6.20 ± 1.46
4.89 ± 0.34

5.66 ± 1.65
4.81 ± 0.38

5.98 ± 1.48
4.85 ± 0.47

5.87 ± 1.52
4.85 ± 0.56

5.96 ± 1.52
4.85 ± 0.42

14.9 ± 1.23
44.6 ± 3.19
91.3 ± 3.39
30.4 ± 1.47
33.3 ± 0.86
13.9 ± 1.16
213.8 ± 43.4
9.58 ± 0.99
<0.1

15.0 ± 0.84
45.1 ± 2.71
94.0 ± 5.05
31.2 ± 1.76
33.2 ± 0.64
14.0 ± 0.72
198.4 ± 45.8
9.21 ± 0.97
<0.1

14.9 ± 0.95
44.7 ± 3.04
92.5 ± 4.69
30.9 ± 1.91
33.4 ± 0.76
14.0 ± 1.20
213.7 ± 58.7
9.36 ± 1.03
<0.1

14.7 ± 1.04
44.0 ± 3.34
91.3 ± 6.91
30.4 ± 2.08
33.4 ± 0.89
13.6 ± 1.14
205.6 ± 41.3
9.97 ± 1.43
<0.1

14.9 ± 1.02
44.7 ± 3.03
92.3 ± 4.81
30.8 ± 1.77
33.3 ± 0.77
13.9 ± 1.07
209.0 ± 48.9
9.47 ± 1.07
<0.1

5.80 ± 0.45
104.0 ± 17.5
8.33 ± 4.83
2.15 ± 1.52

5.68 ± 0.45
99.4 ± 14.0
10.5 ± 5.21
2.74 ± 1.46

5.63 ± 0.48
97.3 ± 10.0
10.0 ± 5.65
2.45 ± 1.44

5.61 ± 0.53
103.2 ± 20.8
9.06 ± 5.02
2.32 ± 1.23

5.69 ± 0.47
100.6 ± 15.2
9.49 ± 5.23
2.40 ± 1.44

21.4 ± 6.76
22.3 ± 7.63
0.69 ± 0.23

23.3 ± 5.80
28.4 ± 17.2
0.73 ± 0.26

19.7 ± 3.83
21.4 ± 7.47
0.77 ± 0.39

25.1 ± 7.87
25.5 ± 10.9
0.65 ± 0.22

21.7 ± 6.10
23.9 ± 11.3
0.72 ± 0.30

178.4 ± 28.0
56.1 ± 14.6
102.4 ± 25.1
99.2 ± 41.3

174.9 ± 29.6
51.5 ± 13.9
100.8 ± 28.1
122.0 ± 56.8

173.4 ± 33.1
51.3 ± 13.2
100.7 ± 28.8
107.9 ± 46.2

179.3 ± 30.6
50.7 ± 15.4
103.7 ± 24.2
142.1 ± 90.2

176.1 ± 30.1
52.8 ± 14.1
101.6 ± 26.6
112.8 ± 55.6

13.8 ± 6.25
9.33 ± 4.47
53.1 ± 23.8
73.0 ± 16.9
18.5 ± 7.18

13.2 ± 4.81
9.24 ± 4.42
51.0 ± 16.2
62.3 ± 16.3
15.4 ± 4.90

12.2 ± 4.41
9.37 ± 4.51
45.2 ± 14.4
59.3 ± 15.9
15.9 ± 4.73

11.3 ± 5.59
6.89 ± 2.27
42.2 ± 14.0
63.3 ± 11.5
14.5 ± 3.01

12.8 ± 5.28
9.02 ± 4.28
48.6 ± 18.4
64.9 ± 16.7
16.4 ± 5.62

391.1 ± 120.7
28.2 ± 9.4
36.2 ± 14.1
5.68 ± 5.24
24.8 ± 8.4

379.7 ± 140.9
31.0 ± 12.8
36.5 ± 14.1
4.50 ± 2.89
25.4 ± 8.1

398.5 ± 192.6
30.2 ± 9.7
39.1 ± 16.1
6.03 ± 6.10
27.0 ± 7.9

392.1 ± 102.7
30.0 ± 9.0
38.5 ± 17.7
4.04 ± 2.46
27.4 ± 5.3

391.0 ± 149.4
29.7 ± 10.2
37.5 ± 15.1
5.34 ± 4.89
26.0 ± 7.8

Values are presented as mean ± SD.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DISF-M-II, DeRogatis Inventory of Sexual Function for Men—II;
DXA, dual-energy X-ray absorptiometry; FACIT-F, Functional Assessment of Chronic Illness Therapy—Fatigue; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom Scale; LDL, low-density lipoprotein; LH, luteinizing hormone; MCV, mean corpuscular volume; MSHQ, Male Sexual Health Questionnaire; NTx, N-telopeptide of type I collagen; PANAS,
Positive and Negative Affect Scale; PDQ-4, Psychosexual Daily Questionnaire, Question 4; PINP, procollagen I intact N-terminal; RDW, red blood cell distribution
width; SHBG, sex hormone–binding globulin; SPPB, Short Physical Performance Battery.

but decreased significantly in men assigned to the 15-mg
dose group.

= 0.54) and PANAS scores (Positive Affect: P = 0.83,
Negative Affect: P = 0.08) (Table 6).

Other Patient-Reported Outcomes

Hormone Levels

There were no significant differences among study arms
for Expanded Prostate Cancer Index Composite hormonal
(P = 0.94) and sexual (P = 0.62) domains, FACIT -F (P

OPK-88004 treatment was associated with a significant
dose-related suppression of serum SHBG, total testosterone, and estradiol levels (Table 5). However, SARM
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Laboratory hematology
White blood cell count, K/uL
Red blood cell count, Mcells/
uL
Hemoglobin, g/dL
Hematocrit, %
MCV, fL
MCH, pg
MCHC, g/dL
RDW, %
Platelet count, K/uL
MPV, fL
PSA, ng/mL
Glucose homeostasis
Hemoglobin A1c, %
Glucose, mg/dL
Insulin, uIU/mL
HOMA-IR
Liver function tests
AST, U/L
ALT, U/L
Total bilirubin, mg/dL
Lipid panel
Total cholesterol, mg/dL
HDL-cholesterol, mg/dL
LDL-cholesterol, mg/dL
Triglycerides, mg/dL
Bone markers
NTx, nM BCE
Osteocalcin, ng/mL
PINP, ug/L
Alkaline phosphatase, U/L
Bone alkaline phosphatase,
ng/mL
Testosterone
Total testosterone, ng/dL
Free testosterone, pg/mL
SHBG, nmol/L
LH, mIU/mL
Estradiol, pg/mL

Placebo N = 36
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Table 2. Number of AEs and participants with one or more on-treatment adverse events, by physiologic system
5 mg/day
(n = 36)

15 mg/day
(n = 14)

Placebo
(n = 36)

P value* (5 mg/
day vs Placebo)

P value*
(any effect)

9 (5)
12 (7)
3 (2)
5 (3)
1 (1)
1 (1)
0
4 (4)
3 (2)
1 (1)
3 (2)
15 (6)
8 (5)
1b

5 (5)
19 (11)
3 (3)
9 (8)
5 (4)
2 (1)
0
21 (15)
1 (1)
1 (1)
4 (3)
8 (7)
17(10)
--

2 (1)
18 (5)
1 (1)
3 (2)
2 (1)
0
1 (1)
10 (5)
1 (1)
0
1 (1)
1 (1)
7 (5)
1c

3 (2)
12 (10)
0
15 (7)
0
1(1)
0
13 (9)
4 (4)
0
5 (3)
7 (5)
18 (13)
1d

0.73
0.55
0.25
0.065
0.065
0.99
-0.37
0.18
0.99
0.52
0.90
0.40
--

0.10
0.018
0.27
0.09
0.12
0.99
0.16
0.033
0.37
0.82
0.77
0.004
0.37
--

Abbreviation: SAE, serious adverse event.
*Chi-square or Fisher’s exact tests for the difference between number of events across all 4 groups and comparison between placebo and 5 mg/day dose.
a
There was 1 SAE (myocardial infarction) reported from the 1 mg/day dose group; however, it occurred before drug administration, hence it is not counted in
this table.
b
Coronary Artery Bypass Grafting (hospitalization).
c
Renal cancer.
d
Lung and liver cancer.

administration was associated with a significant increase in
free testosterone levels. (Table 5).

Other Laboratory Tests
There was statistically significant difference between arms in
change from baseline in hematocrit (P = 0.040), hemoglobin
(P = 0.026), and total testosterone levels (Table 5). The increases in hematocrit and hemoglobin levels were significantly greater in the 5-mg group than in the placebo group
(P = 0.005 and P = 0.003, respectively), but the increase was
small and none of the participants experienced erythrocytosis.
There was statistically significant treatment effect on platelet
counts (P < 0.001). However, changes in leukocyte count did
not differ significantly among groups (Table 5).
OPK-88004 treatment was associated with a significant
dose-related suppression of high-density lipoprotein (HDL)
cholesterol levels (Table 4: P < 0.001). Serum total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides did not change significantly (Table 5).
There was a significantly greater decrease in fasting
glucose levels between the placebo and 5-mg groups (P
= 0.035) and overall (P = 0.003). (Table 5) However, the
changes in insulin and homeostatic model assessment for
insulin resistance (HOMA-IR) did not differ significantly
across groups (P = 0.74 and P = 0.56, respectively).

Sensitivity Analyses
The effect modification due to the staged randomization
during the trial was assessed by models adjusted for the
3 stages of randomization; the treatment effects did not
differ among groups for any of the reported outcomes (not
shown).

Discussion
The administration of a SARM was well tolerated in prostate cancer survivors with organ-confined low-grade disease who had undergone radical prostatectomy. Neither
an interim analysis of the first 50 participants who were
randomized to placebo, 1 mg, or 5 mg OPK-88004 and
who had completed 12-weeks of intervention, nor the analysis of the entire cohort at the trial’s completion revealed
evidence of biochemical recurrence in any subject. Lower
urinary tract symptoms did not change significantly in any
group. Only 1 participant, randomized to the 15-mg dose,
experienced AST and ALT increase above the upper limit
of normal, which returned to baseline after discontinuation
of study medication. OPK-88004 treatment was associated with the expected decrease in serum HDL-cholesterol
(39-43); total and LDL-cholesterol did not change significantly. Although there were modest dose-related increases
in hemoglobin and hematocrit in participants treated with
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Cardiovascular
Dermatologic
Endocrine/metabolic
Gastrointestinal
Genital/urinary
Hematologic/lymphatic
Hepatic/biliary
Musculoskeletal
Neurologic
Psychiatric
Respiratory
Infectious disease
Other
One or more SAEa

1 mg/day
(n = 28)
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Table 3. Estimated changes from baseline in sexual function outcomes by treatment arm
Variable

1 mg/day

5 mg/day

15 mg/day

P value (5 mg/
day vs placebo)

P value
(any effect)

0.04 (−0.36, 0.44)

0.31 (−0.14, 0.76)

0.09 (−0.28, 0.45)

−0.05 (−0.62, 0.53)

0.85

0.73

2.48 (0.56, 4.40)

1.18 (−1.05, 3.41)

−0.15 (−1.99, 1.69)

2.92 (−0.13, 5.97)

0.041

0.15

4.89 (1.16, 8.63)

2.69 (−1.65, 7.03)

−0.40 (−3.97, 3.16)

4.92 (−1.03, 10.9)

0.035

0.16

0.64 (−0.05, 1.34)
1.22 (−0.95, 3.39)
1.08 (−0.17, 2.33)
0.90 (−4.93, 6.73)
−0.58 (−2.56, 1.41)

0.67 (−0.15, 1.50)
2.68 (0.06, 5.30)
1.11 (−0.36, 2.59)
2.56 (−4.14, 9.27)
0.56 (−1.76, 2.87)

−0.33 (−0.97, 0.32)
−0.29 (−2.35, 1.78)
−0.45 (−1.70, 0.81)
0.94 (−4.55, 6.44)
−0.32 (−2.22, 1.58)

0.91 (−0.22, 2.03)
−1.01 (−4.55, 2.54)
1.00 (−1.02, 3.02)
3.48 (−5.40, 12.37)
1.69 (−1.36, 4.75)

0.037
0.30
0.08
0.99
0.84

0.08
0.22
0.25
0.94
0.58

0.42 (−0.87, 1.72)

0.47 (−1.05, 1.98)

0.61 (−0.62, 1.85)

0.87 (−1.13, 2.87)

0.83

0.98

0.34 (−0.94, 1.62)

0.78 (−0.68, 2.24)

0.53 (−0.67, 1.74)

0.14 (−1.79, 2.08)

0.82

0.95

0.63 (−0.94, 2.21)
0.54 (−1.03, 2.12)

0.12 (−1.70, 1.94)
0.89 (−0.89, 2.66)

0.30 (−1.19, 1.79)
−0.21 (−1.67, 1.26)

−0.04 (−2.45, 2.38)
0.71 (−1.65, 3.08)

0.75
0.48

0.96
0.76

Estimates and 95% CIs extracted from mixed model framework. P values for overall dose effect and comparison between 5mg/day and placebo groups.
Abbreviations: DISF-M-II, DeRogatis Index of Sexual Function Male II; IIEF, International Index of Erectile Function; MSHQ, Male Sexual Health Questionnaire;
PDQ-4, Psychosexual Daily Questionnaire 4.

the OPK-88004, no subject developed erythrocytosis and
the average change was less than that reported with testosterone replacement therapy (57).
Although this initial trial was neither large enough nor
long enough to determine effects on clinical recurrence of
prostate cancer, or clinically meaningful improvements in
function or disability, OPK-88004 administration was efficacious in improving whole-body and appendicular lean
body mass as well as reducing percent fat mass. The increase in whole-body lean mass averaged 1.6 and 2.0 kg
in the 5- and 15-mg dose groups, respectively; as a reference for comparison, the gains in fat-free mass with replacement doses of testosterone in hypogonadal men have
averaged ~1.6 kg (58). There were numerical increases in
maximal voluntary strength in the leg press exercise, but
these changes were not statistically significant. One possible reason for the inability to show changes in physical
performance in spite of gains in lean body mass could be
that the participants were physically fit and did not have
functional limitations as indicated by their excellent baseline performance in the SPPB and other performance measures. Other studies that have recruited subjects with mild
or no functional limitations at baseline also have generally failed to show improvements in measures of physical
performance (59, 60). It is also possible that the 12-week

intervention duration was insufficient to develop neuromuscular adaptations needed to translate strength gains
into functional improvements. Men receiving androgen deprivation therapy, who are generally older, more functionally limited, and have substantially lower testosterone levels
at baseline than the relatively healthy subjects recruited in
this trial, may be more likely to show improvements in performance measures.
OPK-88004 treatment did not significantly improve
sexual desire, erectile function, overall sexual activity, or
fatigue, in spite of evidence that OPK-88004 was exerting
androgenic effects in multiple organ systems (significant increases in whole-body and appendicular lean mass, hemoglobin and hematocrit, a reduction in percent fat mass, serum
alkaline phosphatase, LH, and HDL-cholesterol levels). The
lack of an effect on sexual function measures could be due
to many reasons: (1) The study participants had severe ED,
as indicated by an average erectile function domain score
of 7.3 at baseline, which may not respond to androgen
treatment alone; (2) OPK-88004 suppressed endogenous
testosterone level; (3) it is generally believed that the beneficial effects of testosterone on sexual desire may require its
conversion to estradiol (61). OPK-88004 does not undergo
aromatization, although administration of dihydrotestosterone, which does not undergo direct aromatization to
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PDQ-4
Sexual Activity score
IIEF
Erectile
Function
Total score
MSHQ
Erection
Ejaculation
Satisfaction
DISF-M-II
Sexual Desire
Sexual
Arousal
Sexual Activity
Orgasm
Sexual Satisfaction

Placebo
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Figure 2. The changes from baseline in whole-body, appendicular, and trunk lean and fat mass by treatment arms. Estimates and 95% CIs for change from
baseline extracted from mixed model framework are shown. P values are for overall dose effect and comparison between 5 mg/day and placebo groups.
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Table 4. Estimated changes from baseline in muscle performance and physical function outcomes by treatment arm
Variable

1 mg/day

5 mg/day

15 mg/day

P value (5 mg/
day vs Placebo)

P value
(any effect)

0.06 (0.02, 0.10)

0.08 (0.04, 0.13)

0.09 (0.05, 0.12)

0.06 (−0.001, 0.12)

0.32

0.71

0.06 (−0.01, 0.12)

0.13 (0.05, 0.20)

0.03 (−0.03, 0.09)

0.08 (−0.03, 0.19)

0.52

0.26

0.05 (−0.02, 0.12)

0.12 (0.03, 0.20)

0.05 (−0.02, 0.12)

0.11 (0.001, 0.22)

0.93

0.44

7.2 (−35.2, 49.5)

26.6 (−26.1, 79.2)

0.14 (−40.5, 40.7)

45.0 (−26.8, 116.9)

0.80

0.65

10.9 (−31.7, 53.5)

−6.6 (−59.2, 45.9)

−6.8 (−54.1, 40.6)

72.2 (2.99, 141.4)

0.56

0.25

138.6 (17.9, 259.3)

55.6 (−28.0, 139.2)

98.9 (−35.6, 233.5)

0.44

0.30

7.5 (−87.9, 102.9)

The data are point estimates and 95% CIs extracted from mixed model framework. P values for overall and for prespecified comparison of 5-mg vs placebo.
Abbreviation: 1-RM, one repetition maximum in Newtons.

estradiol, has been shown to maintain sexual desire in older
men (62); and (4) OPK-88004 was developed as muscle
anabolic agent, and was not selected for promoting sexual
function. It is possible that the baseline testosterone levels
in the participants were not sufficiently low to observe the
treatment effect and that the OPK-88004 might be more
efficacious in men receiving androgen deprivation therapy
who have very low endogenous testosterone levels.
SARM administration was associated with a marked
suppression of SHBG and total testosterone levels. However,
perhaps due to the marked suppression of SHBG, free testosterone levels showed a small increase rather than a decrease. Serum LH levels were not significantly suppressed.
Alanine aminotransferase gene expression is
downregulated by castration and upregulated by androgen administration in the muscle and prostate but
not in the liver of rodent (63). Increased transaminases
could also be due to direct hepatotoxic effects that have
been reported typically with alkylated androgens and
nonsteroidal anti-androgens. We cannot be certain from
the available information whether the increase in transaminase levels is due to androgen-induced increase in the
transcription in nonhepatic tissues or a direct liver effect.
Bilirubin uridine diphosphate-glucuronosyltransferase
activity is a sexually dimorphic enzyme whose activity
is regulated by testosterone and estradiol (64). Similarly,
the suppression of alkaline phosphatase is a recognized
androgen effect believed to be due to the suppression of
bone turnover (65, 66). Androgen treatment is known to
suppress alkaline phosphatase in hypogonadal men, and
the decrease in alkaline phosphatase is associated with
an increase in bone mineral density (65). Because the
changes in bone-specific alkaline phosphatase were not
statistically significant, we cannot be certain whether this
represents a SARM effect on bone osteoblastic activity.

Similar to other oral androgens and SARMs (40-44),
OPK-88004 was associated with HDL-cholesterol suppression, but LDL-cholesterol did not change. HDL-cholesterol
has been negatively associated with the risk of coronary artery disease in epidemiological studies; however, pharmacologically induced changes in HDL-cholesterol have not
been associated with changes in cardiovascular risk and the
pharmaceutical efforts to develop drugs to increase HDL
to prevent cardiovascular disease have proven unsuccessful
(67). The increases in HDL-cholesterol due to overproduction of apolipoprotein A1, but not due to inhibition of
HDL catabolism, have been found to be atheroprotective
(68-70). The HDL-lowering effect of oral androgens has
been attributed to the upregulation of scavenger receptor
B1 (SR-B1) and the hepatic lipase (69, 70). Thus, clinical
significance of the changes in HDL-cholesterol associated
with oral androgens remains unclear. Long-term studies
are needed to clarify the effects of SARM administration
on cardiovascular risk.
This first randomized trial of a SARM in prostate cancer
survivors has several strengths and some limitations. The
trial has many attributes of good trial design: concealed
randomized allocation of participants, blinding of the participants as well as the investigators, and parallel groups.
The safety was assessed prospectively using a prespecified
structured monitoring plan. We used several validated
measures of sexual function, energy, and prostate cancer–
specific HRQOL. The trial also had some limitations. To
minimize risk to the participants in this first randomized
trial in prostate cancer survivors, the intervention duration
was limited to 12 weeks and the randomization was staged
with the enrollment limited to lower doses initially. The
trial was neither long enough nor large enough to assess
risk of clinical recurrence. We selected a subset of prostate
cancer survivors with a very low risk of disease recurrence.
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Gait speed in 6-minute walk, m/sec
Unloaded 50m walk
gait speed, m/sec
Loaded 50m walk
gait speed, m/sec
Unloaded stair
climb power,
watts
Loaded stair climb
power, watts
Leg press 1-RM, N

Placebo
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Table 5. Estimated changes from baseline in laboratory measures by treatment arm
Variable

Placebo

1 mg/day

5 mg/day

15 mg/day

P value

P value

(5 mg/day

(any effect)

vs Placebo)
Laboratory hematology
White blood cell,

−0.22 (−0.54, 0.09)

0.14 (−0.22, 0.50)

−0.23 (−0.52, 0.06)

0.18 (−0.29, 0.65)

0.98

0.19

−0.07 (−0.14, −0.01)

−0.05 (−0.12, 0.03)

0.02 (−0.04, 0.08)

−0.02 (−0.12, 0.09)

0.038

0.20

−0.32 (−0.51, −0.12)

−0.05 (−0.28, 0.18)

0.08 (−0.11, 0.27)

−0.20 (−0.50, 0.11)

0.003

0.026

Hematocrit, %

−0.58 (−1.19, 0.03)

0.0004 (−0.71, 0.71)

0.58 (−0.002, 1.16)

−0.29 (−1.23, 0.65)

0.005

0.040

MCV, fL

0.41 (−0.24, 1.07)

0.73 (−0.04, 1.50)

0.84 (0.22, 1.46)

0.02 (−0.98, 1.03)

0.32

0.50

RDW, %

0.06 (−0.18, 0.29)

0.10 (−0.17, 0.37)

0.23 (0.01, 0.46)

−0.22 (−0.58, 0.13)

0.25

0.18

Platelet count,

−0.78 (−9.93, 8.36)

0.62 (−10.02, 11.3)

11.2 (2.52, 19.9)

43.0 (29.0, 56.9)

0.050

<0.001

−0.06 (−0.14, 0.03)

−0.07 (−0.16, 0.03)

−0.04 (−0.11, 0.04)

−0.09 (−0.22, 0.03)

0.70

0.87

Glucose, mg/dL

0.62 (−2.39, 3.63)

1.65 (−1.81, 5.11)

−3.63 (−6.47, −0.80)

−7.54 (−12.1, −2.96)

0.035

0.003

Insulin, uIU/mL

0.27 (−1.11, 1.65)

0.67 (−0.99, 2.33)

−0.34 (−1.63, 0.95)

−0.37 (−2.41, 1.67)

0.50

0.74

HOMA-IR

0.03 (−0.37, 0.44)

0.18 (−0.31, 0.67)

−0.20 (−0.57, 0.18)

−0.22 (−0.82, 0.38)

0.39

0.56

AST, U/L

−0.61 (−3.19, 1.98)

−0.49 (−3.50, 2.52)

3.14 (0.64, 5.65)

8.57 (4.51, 12.6)

0.032

<0.001

ALT, U/L

−1.51 (−7.36, 4.34)

−2.03 (−8.92, 4.85)

0.93 (−4.65, 6.50)

17.6 (8.66, 26.6)

0.53

0.003

Total bilirubin,

−0.13 (−0.17, −0.09)

−0.04 (−0.09, 0.01)

−0.14 (−0.18, −0.10)

−0.17 (−0.24, −0.11)

0.84

0.003

−7.25 (−14.9, 0.41)

−14.9 (−23.8, −6.01)

−15.8 (−23.1, −8.42)

−13.3 (−25.1, −1.52)

0.10

0.36

HDL, mg/dL

−2.43 (−4.43, −0.43)

−5.48 (−7.82, −3.15)

−13.5 (−15.4, −11.6)

−18.4 (−21.5, −15.4)

<0.001

<0.001

LDL, mg/dL

−5.34 (−11.8, 1.13)

−6.70 (−14.2, 0.83)

−0.07 (−6.25, 6.12)

7.44 (−2.51, 17.4)

0.22

0.09

Triglycerides,

1.97 (−11.0, 14.9)

−14.7 (−29.9, 0.53)

−15.0 (−27.4, −2.70)

−14.0 (−34.0, 6.01)

0.050

0.18

NTX, nM BCE

0.60 (−0.53, 1.73)

−0.33 (−1.65, 0.99)

0.54 (−0.51, 1.58)

0.54 (−1.15, 2.24)

0.93

0.67

Osteocalcin, ng/

0.10 (−0.64, 0.84)

−0.29 (−1.15, 0.57)

−0.08 (−0.77, 0.61)

0.09 (−1.02, 1.20)

0.72

0.90

K/uL
K/uL
Hemoglobin,
g/dL

K/uL
Glucose homeostasis
Hemoglobin
A1c, %

Liver function tests

mg/dL
Lipid panel
Total cholesterol, mg/dL

mg/dL
Bone markers

mL
PINP, ug/L

2.41 (−0.66, 5.49)

1.89 (−1.68, 5.46)

5.13 (2.31, 7.96)

0.07 (−4.50, 4.63)

0.18

0.20

Alkaline phos-

−2.56 (−5.43, 0.30)

−3.38 (−6.54, −0.21)

−10.2 (−12.9, −7.61)

−16.9 (−21.1, −12.8)

<0.001

<0.001

−0.44 (−0.99, 0.11)

−0.27 (−0.90, 0.36)

−0.46 (−0.95, 0.04)

−1.28 (−2.08, −0.48)

0.96

0.23

−2.9 (−46.8, 41.0)

−91.2 (−140.4, −42.0)

−165.1 (−206.1, −124.0)

−178.4 (−241.6, −115.2)

<0.001

<0.001

1.9 (−2.1, 6.0)

6.9 (2.3, 11.4)

15.1 (11.3, 18.9)

17.9 (12.2, 23.6)

<0.001

<0.001
<0.001

phatase, U/L
Bone alkaline
phosphatase,
ng/mL
Testosterone
Total testosterone, ng/dL
Free testosterone, pg/mL
SHBG, nmol/L
LH, mIU/mL
Estradiol, pg/mL

−2.4 (−6.1, 1.4)

−12.3 (−16.5, −8.2)

−22.7 (−26.1, −19.3)

−25.4 (−30.5, −20.3)

<0.001

−0.19 (−2.10, 1.71)

−0.27 (−2.37, 1.84)

0.39 (−1.41, 2.18)

−1.15 (−3.79, 1.49)

0.60

0.78

−0.9 (−3.7, 1.9)

−1.4 (−4.6, 1.7)

−5.2 (−7.8, −2.6)

−7.3 (−11.2, −3.4)

0.012

0.008

The data are point estimates and 95% CIs extracted from mixed model framework. P values for overall and for prespecified comparison of 5-mg vs placebo.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein, LH, luteinizing hormone; MCV, mean corpuscular volume; RDW, red blood cell distribution width; NTx, N-telopeptide of
collagen; PINP, procollagen I intact N-terminal; SHBG, sex hormone–binding globulin.
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Table 6. Estimated changes from baseline in patient-reported outcomes by treatment arm
Variable

−0.07 (−1.01, 0.87)
−0.02 (−0.25, 0.21)

−0.74 (−2.89, 1.41)
0.79 (−1.12, 2.70)
−1.52 (−2.62, −0.42)

1 mg/day

5 mg/day

−1.48 (−2.59, −0.38) 0.08 (−0.82, 0.99)
−0.22 (−049, 0.06) −0.02 (−0.25, 0.20)

1.52 (−0.98, 4.03)

15 mg/day

P value (5 mg/
day vs Placebo)

P value
(any effect)

0.13 (−1.31, 1.57)
−0.17 (−0.53, 0.18)

0.80
0.99

0.10
0.58

0.47 (−2.83, 3.77)

0.66

0.54

−0.45 (−3.36, 2.46)
−2.19 (−3.90, −0.49)

0.78
0.06

0.83
0.08

−0.11 (−2.17, 1.95)

0.57 (−1.63, 2.78)
1.15 (−0.66, 2.95)
−1.78 (−3.06, −0.50) −0.14 (−1.19, 0.91)

These findings should not be extrapolated to patients with
high grade prostate cancer (Gleason 7 [4 + 3] or higher) or
those in whom the cancer is not confined to the prostate or
those who are treated with radiation therapy as their primary treatment.

Conclusions
The administration of a SARM in androgen-deficient men
who had undergone radical prostatectomy for low-grade
organ-confined prostate cancer was safe and not associated
with PSA recurrence. OPK-88004 increased lean body mass
and decreased fat mass but did not improve sexual symptoms or physical performance. The short-term safety data
are reassuring and provide the rationale for investigating
the efficacy of SARMs, such as the OPK-88004, that were
developed for their preferential muscle and bone anabolic
effects, among prostate cancer survivors with physical dysfunction, and for developing novel SARMs that preferentially improve sexual function.
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