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IMPORTANCE Multiple systemic treatments are available for metastatic castration-sensitive
prostate cancer (mCSPC), with unclear comparative effectiveness and safety and widely
varied costs.

OBJECTIVE To compare the effectiveness and safety determined in randomized clinical trials
of systemic treatments for mCSPC.

DATA SOURCES Bibliographic databases (MEDLINE, Embase, and Cochrane Central),
regulatory documents (US Food and Drug Administration and European Medicines Agency),
and trial registries (ClinicalTrials.gov and European Union clinical trials register) were
searched from inception through November 5, 2019.

STUDY SELECTION, DATA EXTRACTION, AND SYNTHESIS Eligible studies were randomized
clinical trials evaluating the addition of docetaxel, abiraterone acetate, apalutamide,
or enzalutamide to androgen-deprivation therapy (ADT) for treatment of mCSPC.
Two investigators independently performed screening. Discrepancies were resolved through
consensus. A Cochrane risk-of-bias tool was used to assess trial quality. Relative effects of
competing treatments were assessed by bayesian network meta-analysis and survival
models. The Preferred Reporting Items for Systematic Reviews and Meta-analyses guideline
was used.

MAIN OUTCOMES AND MEASURES Overall survival, radiographic progression-free survival,
and serious adverse events (SAEs).

RESULTS Seven trials with 7287 patients comparing 6 treatments (abiraterone acetate,
apalutamide, docetaxel, enzalutamide, standard nonsteroidal antiandrogen, and placebo/no
treatment) were identified. Ordered from the most to the least effective determined by
results of clinical trials, treatments associated with improved overall survival when added to
ADT included abiraterone acetate (hazard ratio [HR], 0.61; 95% credible interval [CI],
0.54-0.70), apalutamide (HR, 0.67; 95% CI, 0.51-0.89), and docetaxel (HR, 0.79; 95% CI,
0.71-0.89); treatments associated with improved radiographic progression-free survival
when added to ADT included enzalutamide (HR, 0.39; 95% CI, 0.30-0.50), apalutamide
(HR, 0.48; 95% CI, 0.39-0.60), abiraterone acetate (HR, 0.51; 95% CI, 0.45-0.58), and
docetaxel (HR, 0.67; 95% CI 0.60-0.74). Docetaxel was associated with substantially
increased SAEs (odds ratio, 23.72; 95% CI, 13.37-45.15), abiraterone acetate with slightly
increased SAEs (odds ratio, 1.42; 95% CI, 1.10-1.83), and other treatments with no
significant increase in SAEs. Risk of bias was noted for 4 trials with open-label design,
3 trials with missing data, and 2 trials with potential unprespecified analyses.

CONCLUSIONS AND RELEVANCE In this network meta-analysis, as add-on treatments to ADT,
abiraterone acetate and apalutamide may provide the largest overall survival benefits with
relatively low SAE risks. Although enzalutamide may improve radiographic progression-free
survival to the greatest extent, longer follow-up is needed to examine the overall survival
benefits associated with enzalutamide.
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P rostate cancer is the most common cancer and the sec-
ond leading cause of cancer death among men in the
US.1 Although 76% of the patients with prostate can-

cer were first diagnosed with localized cancer,2 approxi-
mately 30% of these patients experience disease recurrence
after definitive treatments.3 Most recurrent prostate cancers
initially respond to androgen-deprivation therapy (ADT) but
eventually develop resistance, transforming from castration-
sensitive to castration-resistant prostate cancer.4 Metastatic
castration-resistant prostate cancer is associated with high
mortality: a 5-year survival rate of 30%.2

Progress in research has led to several promising treat-
ments that, when added to ADT, delay disease progression to
metastatic castration-resistant prostate cancer (mCRPC). These
drugs include the taxane docetaxel,5,6 androgen synthesis in-
hibitor abiraterone acetate,7-10 and androgen receptor inhibi-
tors apalutamide and enzalutamide.11,12 The availability of
these drugs has improved prostate cancer survival. However,
owing to the lack of head-to-head trials comparing active treat-
ments, little is known about the optimal choice weighing
effectiveness and safety. As a result, clinical guideline com-
mittees hesitate to recommend one drug over others.13,14

In addition, drug costs vary widely. The range of drug ac-
quisition costs for patients to complete all planned courses of
treatment (18 weeks for docetaxel and a median treatment du-
ration of 2 years for other drugs) is $627 for docetaxel, $62 714
for generic abiraterone acetate, $175 438 for enzalutamide
(Xtandi), and $231 789 for apalutamide (Erleada).15 This study
aimed to compare the effectiveness and safety of systemic
treatments for mCSPC determined in randomized clinical
trials (RCTs) to inform decision-making.

Methods
Eligibility Criteria
The study protocol was registered in PROSPERO (the Interna-
tional Prospective Register of Systematic Reviews,
CRD42020160839). We included RCTs of parallel design for
mCSPC and excluded cluster and dose-escalation trials. The
interventions of interest were docetaxel, abiraterone acetate,
apalutamide, and enzalutamide; the comparator of interest was
any active drug, placebo, or no treatment—all in addition to
ADT. Androgen-deprivation therapy includes orchiectomy,
luteinizing hormone-releasing hormone agonists and antago-
nists, and estrogen. We combined different dose regimens of
the same drug, combined placebo with no treatment, and
required a median follow-up of at least 12 months. Trial reg-
istrations without results, published trial protocols, and ab-
stracts were excluded. This study followed the Preferred Re-
porting Items for Systematic Reviews and Meta-analyses
(PRISMA) reporting guideline and its extension for network
meta-analysis.16,17

Data Sources and Extraction
We searched bibliographic databases (MEDLINE [PubMed in-
terface], EMBASE [OVID interface]), the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL, Wiley interface), trial reg-

istries (ClinicalTrials.gov and the EU Clinical Trials Register),
and regulatory documents (US Food and Drug Administra-
tion and European Medicines Agency review packets) from in-
ception to November 5, 2019, with no language or date restric-
tions. Search strategies in eMethods 1 in the Supplement.

We used Sysrev for title and abstract screening and End-
note X9 (Clarivate Analytics) for full-text screening. Two in-
vestigators (L.W. and A.D.F.) independently performed the
screening. One investigator (L.W.) extracted data from in-
cluded trials and the second investigator (C.J.P.) checked the
extracted data. Discrepancies were resolved through consen-
sus. Data extracted included trial design, interventions, out-
comes, baseline characteristics, and results (eTable 1 in the
Supplement). The efficacy outcomes of interest were overall
survival (OS) and radiographic progression-free survival (rPFS),
defined as time from randomization to radiographic progres-
sion or death from any cause, whichever occurred first. The
safety outcome of interest was any serious adverse events
(SAEs).

Risk of Bias Assessment
We assessed the risk of bias of individual trials for effective-
ness outcomes using the Cochrane Collaboration’s tool (ver-
sion 2.0).18 The overall bias of a trial was assessed from 5 do-
mains: randomization process, deviation from intended
interventions, missing outcome data, measurement of the
outcome, and selection of reported results. The overall bias was
judged to be low if all domains were at low risk of bias and high
if at least 1 domain was at high risk of bias or multiple do-
mains raised concerns. Judgments were made indepen-
dently by 2 investigators (L.W. and G.C.A.). Disagreements were
resolved by discussion. Risk of bias assessment was incorpo-
rated into our interpretation of results.

Statistical Analysis
Bayesian network meta-analysis was performed using gener-
alized linear models.19 We used multivariate normal distribu-

Key Points
Question What are the most effective systemic treatments for
metastatic castration-sensitive prostate cancer?

Findings This network meta-analysis of 7 randomized clinical
trials including 7287 patients noted that, combined with
androgen-deprivation therapy, treatments associated with
significantly improved overall survival included abiraterone
acetate, apalutamide, and docetaxel; treatments associated with
significantly improved radiographic progression-free survival
included enzalutamide, abiraterone acetate, apalutamide, and
docetaxel, ordered from the agent with the greatest to least
effectiveness according to the results of clinical trials. Docetaxel
was associated with substantially increased serious adverse
events, abiraterone with slightly increased serious adverse events,
and other treatments with no increase in serious adverse events.

Meaning This network meta-analysis suggests that abiraterone
acetate and apalutamide may provide the largest and most
consistent overall survival benefits with relatively low serious
adverse event risks among metastatic castration-sensitive
prostate cancer treatments.
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tion to account for between-arm correlations in multiarm
trials.19,20 We fitted fixed- and random-effects models, with
the latter accounting for between-study heterogeneity. We re-
port results from fixed-effects models because, for treatment
comparisons examined in RCTs, 4 of the 6 comparisons were
examined in only 1 trial. In addition, the results from fixed- and
random-effects models were consistent, with only wider 95%
credible intervals (CIs) noted for the random-effects models.

As primary analysis for OS and rPFS, time-invariant haz-
ard ratios (HRs) between treatment arms from individual trials
were analyzed to estimate the overall HRs. For patient sub-
groups consistently examined across trials, we performed sub-
group analyses to evaluate how comparative effectiveness
varied by patient characteristics. For SAEs, the number of
events in individual trial arms was analyzed to estimate the
overall odds ratios (ORs) between treatments.

As secondary analysis for OS and rPFS, we estimated time-
varying HRs by bayesian parametric survival network meta-
analysis and compared expected survival curves across treat-
ments. Specifically, published Kaplan-Meier curves were
digitalized using Web PlotDigitizer, version 4.2.21 The indi-
vidual level time-to-event data were reconstructed using Guyot
algorithms.22 and the Stata, version (StataCorp LLC) com-
mand ipdfc.23 We fit a series of first-order fractional polyno-
mial models with power parameters −2, −1, −0.5, 0.5, 1, 2, and
3, which include common survival distributions, such as
Weibull (power parameter = 0) and Gompertz (power
parameter = 1).24 The deviance information criterion was used
to assess model fit.25

Bayesian models estimate treatment effects via Markov
chain Monte Carlo algorithms. Noninformative priors were used
to allow the observed trial data to explain effect estimates.19

For primary analysis, we used the gemtc package26 in R, ver-
sion 3.6.2,27 with 4 parallel Markov chains consisting of
100 000 samples after a 5000-sample burn-in. For second-
ary analysis, we used WinBUGS, version 1.4.3,28 with 3 paral-
lel Markov chains consisting of 50 000 samples after a 5000-
sample burn-in. We checked the statistical consistency between
direct (head-to-head RCTs) and indirect (treatments sharing
common comparators) evidence by fitting node-splitting mod-
els via the R gemtc package and the z test.26,29,30 Convergence
of Markov chains was checked by trace plots and Gelman-
Rubin diagnostic statistics.31,32 The significance level was
α = .05 for statistical tests. Statistical models and WinBUGS
code are available in eMethods 2 in the Supplement).

Results
Study Selection and Network Geometry
A total of 8424 unique study records were identified, includ-
ing 7582 publication citations, 800 trial registrations, and 42
trial regulatory records. Full-text screening was done for 103
publication citations and all trial registrations and trial regu-
latory records (eFigure 1 in the Supplement).

Seven trials comparing 6 treatments were analyzed (Table
1),5-12,33-42 including placebo/no treatment, a standard non-
steroidal antiandrogen (bicalutamide, nilutamide, or flu-

tamide), docetaxel, abiraterone acetate, enzalutamide, and
apalutamide. A network graph of treatment comparisons is
presented in Figure 1, with nodes representing competing
treatments and edges representing RCTs for pairs of treat-
ments. The most studied treatments were docetaxel (3 trials),
abiraterone acetate (2 trials), and enzalutamide (2 trials). Six
RCTs5,7,11,12,33,34 used placebo/no treatment as the compara-
tor and 1 trial35 used standard nonsteroidal antiandrogen
therapy. Active treatments have not been compared in head-
to-head trials except for docetaxel and abiraterone acetate,
which were compared in the only multiarm RCT: the Sys-
temic Therapy in Advancing or Metastatic Prostate Cancer:
Evaluation of Drug Efficacy (STAMPEDE) trial.33

Characteristics of Included Trials
The 7 included trials were multicenter phase 3 RCTs pub-
lished between 2013 and 2019, involving a total of 7287
patients (Table 1). The median sample size was 1125 (range,
385-1586) patients; the median duration of follow-up was 52
months (range, 14-84). The main eligibility criteria entailed
newly diagnosed prostate adenocarcinoma with radiologic
evidence of metastatic disease and adequate performance
status. Previous chemotherapy and hormone therapy in the
metastatic setting were either prohibited or restricted. The
STAMPEDE trial recruited a broader patient population; we
used only mCSPC data in this analysis. The LATITUDE trial
required at least 2 high prognostic risk factors for
eligibility7,9; we assessed the association between these fac-
tors and outcomes by subgroup analysis.

Treatment and Assessment of Outcomes
Treatments were given until disease progression or prohibi-
tive toxic effects occurred. Docetaxel, 75 mg/m2, was given ev-
ery 3 weeks for 6 cycles with premedication or concurrent use

Figure 1. Network Graph of Treatment Comparison

Apalutamide

Abiraterone acetateDocetaxel

Placebo/
no treatment

Standard nonsteroidal
antiandrogen

Enzalutamide

STAMPEDE

STAMPEDE
CHAARTED
GETUG-AFU15 STAMPEDE

LATITUDE

TITAN

ARCHES

ENZAMET

Graph depicts underlying evidence base of this study. Nodes (circles) represent
competing treatments added to androgen-deprivation therapy and edges
(lines) show which treatments have been compared. Node size proportional to
the number of trials evaluating each treatment, edge thickness proportional to
precision (the inverse of the variance of hazard ratios of overall survival) of each
direct comparison. The labels on the edges are randomized clinical trials of pairs
of treatments. Edges with gray color represent multiarm Systemic Therapy in
Advancing or Metastatic Prostate Cancer: Evaluation of Drug Efficacy
(STAMPEDE) trial. Study names are expanded in the footnotes to Table 1.
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of corticosteroids, with the exception of the GETUG-AFU15 trial,
in which patients received a median of 8 cycles of docetaxel.34

Abiraterone acetate, 1000 mg/d, was given with concurrent cor-
ticosteroids; the other treatments were apalutamide, 240 mg/d,
and enzalutamide, 160 mg/d.

All included trials assessed OS and SAEs, 4 trials assessed
rPFS, and 3 trials assessed a modified version of rPFS. Specifi-
cally, the STAMPEDE trial33 examined progression-free sur-
vival, defined as the time from randomization to radiographic
progression or death from prostate cancer, whichever occurred
first. The ChemoHormonal Therapy Versus Androgen Abla-
tion Randomized Trial for Extensive Disease in Prostate Can-
cer (CHAARTED) and Enzalutamide in First Line Androgen De-
privation Therapy for Metastatic Prostate Cancer (ENZAMET)
trials5,35 assessed clinical progression-free survival, compris-
ing radiographic progression, symptomatic progression/
initiation of new anticancer treatment, or death as the failure
events. We combined rPFS and modified rPFS, assuming that

radiographic progression occurs earlier than symptomatic pro-
gression or initiation of new anticancer treatment and death
from other causes. Trials also assessed prostate-specific anti-
gen progression-free survival, time to pain progression, and
other outcomes (eTable 2 in the Supplement). However, the
inconsistency in outcome measures across trials precluded
treatment comparison based on these outcomes.

Risk of Bias
For rPFS, all 7 trials raised some concerns regarding the over-
all risk of bias. For OS, the overall risk of bias was low in 2 trials
(CHAARTED and ENZAMET), but the remaining 5 trials raised
some concerns (Table 2). Specifically, missing outcome data
raised concerns of bias in 3 trials for both outcomes.7,11,33 In
these trials, the number of participants with missing data was
more than 10% of the observed number of events and distrib-
uted unevenly between treatment groups, yet no analysis was
done to correct for bias due to missing data and sensitivity

Table 2. Risk of Bias Within Trials

Trial

Added to ADT
Randomization
process

Deviation
from intended
intervention

Missing
outcome dataa

Measurement
of outcomeb

Selection
of reported
resultc Overall biasdExperimental Comparator

Overall survival

GETUG-AFU1534,38 Docetaxel No treatment Low Low Low Low Some
concerns

Some concerns

CHAARTED5,36,37 Docetaxel No treatment Low Low Low Low Low Low

STAMPEDE6,8,10,33,42 Arm 1,
docetaxel; arm
2, abiraterone

No treatment Low Low Some concerns Low Low Some concerns

LATITUDE7,9,39,40 Abiraterone Placebo Low Low Some concerns Low Low Some concerns

TITAN12,41 Apalutamide Placebo Low Low Low Low Some
concerns

Some concerns

ARCHES11 Enzalutamide Placebo Low Low Some concerns Low Low Some concerns

ENZAMET35 Enzalutamide Standard
nonsteroidal
antiandrogene

Low Low Low Low Low Low

Radiographic progression-free survivalf

GETUG-AFU1534,38 Docetaxel No treatment Low Low Low Some concerns Some
concerns

Some concerns

CHAARTED5,36,37 Docetaxel No treatment Low Low Low Some concerns Low Some concerns

STAMPEDE6,8,10,33,42 Arm 1 docetaxel;
arm 2
abiraterone

No treatment Low Low Some concerns Some concerns Low Some concerns

LATITUDE7,9,39,40 Abiraterone Placebo Low Low Some concerns Low Low Some concerns

TITAN12,41 Apalutamide Placebo Low Low Low Low Some
concerns

Some concerns

ARCHES11 Enzalutamide Placebo Low Low Some concerns Low Low Some concerns

ENZAMET35 Enzalutamide Standard
nonsteroidal
antiandrogen

Low Low Low Some concerns Low Some concerns

Abbreviation expansions appear in footnotes to Table 1.
a Concerns raised for missing outcome data when (1) number of patients with

missing data was more than 10% the number of events and distributed
unevenly between treatment groups, (2) missing data may relate to outcome
and treatment effect, (3) no analysis to correct for bias due to missing data,
and (4) no sensitivity analysis to show that results were little changed under
different assumptions about the association between missing data and their
true value.

b Concerns raised for measurement of the outcome when the outcome
assessors were unmasked and the assessment of the outcome could have
been influenced.

c Concerns raised for selection of the reported results when the trial protocol

(statistical analysis plan) was finalized after the data cutoff date, the trial was
open-label, or the trial was double-blind but the protocol specified unblinding
for the analysis leading to the reported results.

d Overall bias: low if all domains were low, high if at least 1 domain was high and
there were some concerns in multiple domains, and some concerns otherwise.

e Nonsteroidal antiandrogen agents included bicalutamide, nilutamide, or
flutamide.

f Radiographic progression-free survival included progression-free survival in
the STAMPEDE trial and clinical progression-free survival in the CHAARTED
and ENZAMET trials.
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analysis was not performed to determine whether the results
were little changed under a range of plausible assumptions
about the association between missing data and the true value
of those data. Selection of the reported results raised con-
cerns of bias in 2 trials12,34 for both outcomes. In these trials,
the trial protocol and, when available, the statistical analysis
plan, was finalized after the unblinded outcome data may have
been made available to the data analysts. Measurement of the
outcome raised concerns of bias in 4 trials for rPFS5,33-35; in
these trials, the outcome assessors were aware of the inter-
vention received by the study participants; thus, the open-
label assessment of the outcome could have been influenced
by the knowledge of intervention received.

Syntheses of Results
The main results of individual trials are summarized in eTable 3
in the Supplement. Network meta-analyses included all 7 trials
for effectiveness outcomes and 6 trials for safety outcomes;
the STAMPEDE trial did not report safety outcomes sepa-
rately for patients with mCSPC.

Efficacy Outcomes
Ordered from the most to the least effective, treatments with
significantly improved OS in randomized clinical trials when
added to ADT included abiraterone acetate (HR, 0.61; 95% CI,

0.54-0.70), apalutamide (HR, 0.67; 95% CI, 0.51-0.89), do-
cetaxel (HR, 0.79; 95% CI, 0.71-0.89), with nonsignificant find-
ings for enzalutamide (HR, 0.81; 95% CI, 0.53-1.24), and stan-
dard nonsteroidal antiandrogen (HR, 1.21; 95% CI, 0.73-1.99);
treatments associated with significantly improved rPFS
when added to ADT included enzalutamide (HR, 0.39; 95% CI,
0.30-0.50), apalutamide (HR, 0.48; 95% CI, 0.39-0.60), abi-
raterone acetate (HR, 0.51; 95% CI, 0.45-0.58), docetaxel (HR,
0.67; 95% CI, 0.60-0.74), with nonsignificant findings for stan-
dard nonsteroidal antiandrogen (HR, 0.97; 95% CI, 0.71-1.33)
(Figure 2). A league table presenting the overall time-
invariant HR for all possible pairwise comparisons between
treatments is available in eTable 4 in the Supplement. Treat-
ment ranking probabilities suggested that abiraterone ac-
etate had the highest probability of being the best treatment
regarding OS (64%, ie, based on the available RCT evidence,
there is a 64% probability that abiraterone acetate is the best
treatment for patients with mCSPC regarding OS) and enzalu-
tamide had the highest probability of being the best treat-
ment regarding rPFS (88%) (eFigure 2 in the Supplement).

All included trials reported time-invariant HR of rPFS for
patient subgroups based on disease volume, high vs low strati-
fied by the CHAARTED trial criteria.5 High-volume disease was
defined as the presence of visceral metastases or 4 or more bone
metastases, with at least 1 metastasis outside the vertebral col-

Figure 2. Treatment Ranking and Relative Effect

Favors active
treatment

Favors placebo/
no treatment

0.1 101
HR (95% CI)

Median rank
HR
(95% CI)

1 0.61 (0.54-0.70)
2 0.67 (0.51-0.89)
3 0.79 (0.71-0.89)
4 0.81 (0.53-1.24)
5 1.21 (0.73-1.99)

Overall survivalA

Favors active
treatment

Favors placebo/
no treatment

0.1 101
HR (95% CI)

Median rank
HR
(95% CI)

1 0.39 (0.30-0.50)
2 0.48 (0.39-0.60)
3 0.51 (0.45-0.58)
4 0.67 (0.60-0.74)
5 0.97 (0.71-1.33)

Radiographic progression-free survivalB

Favors active
treatment

Favors placebo/
no treatment

0.1 100101
OR (95% CI)

Median rank
OR
(95% CI)

5 23.72 (13.37-45.15)
4 1.42 (1.10-1.83)
3 0.97 (0.72-1.32)
2 0.92 (0.68-1.23)
1

Active treatment
Abiraterone acetate
Apalutamide
Docetaxel
Enzalutamide
SNA

Active treatment
Enzalutamide
Apalutamide
Abiraterone acetate
Docetaxel
SNA

Active treatment
Docetaxel
Abiraterone acetate
Apalutamide
Enzalutamide
SNA 0.66 (0.45-0.96)

Serious adverse eventsC

CI indicates credible interval;
HR, hazard ratio; OR, odds ratio.
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umn or pelvis. Subgroup analysis based on disease volume pro-
vided consistent results with the primary analysis. Ordered
from the most to the least effective, for high-volume prostate
cancers, treatments associated with significantly improved
rPFS in randomized clinical trials when added to ADT in-
cluded enzalutamide (HR, 0.43; 95% CI, 0.33-0.56), abi-
raterone acetate (HR, 0.46; 95% CI, 0.40-0.53), apalutamide
(HR, 0.53; 95% CI, 0.41-0.68), docetaxel (HR, 0.57; 95% CI,
0.49-0.66), with nonsignificant findings for standard nonste-
roidal antiandrogen (HR, 0.96; 95% CI, 0.67-1.36); for low-
volume prostate cancers, treatments associated with signifi-
cantly improved rPFS when added to ADT included
enzalutamide (HR, 0.25; 95% CI, 0.14-0.45), apalutamide
(HR, 0.36; 95% CI, 0.22-0.58), abiraterone acetate (HR, 0.48;
95% CI, 0.37-0.63), docetaxel (HR, 0.74; 95% CI, 0.61-0.91), with
nonsignificant findings for standard nonsteroidal antiandro-
gen (HR, 0.83; 95% CI, 0.42-1.64) (eFigure 3 in the Supple-
ment). Subgroup analysis based on disease volume was not fea-
sible for OS, because the ARCHES trial did not report OS results
based on disease volume.11 Subgroup analyses based on other
baseline characteristics (age, Eastern Cooperative Oncology
Group performance, Gleason score, prostate-specific antigen
level) were not feasible because not all trials examined these
subgroups and, for those that did, the cutoff points were in-
consistent across trials.

Allowing the HR to change over time, parametric survival
network meta-analysis provided consistent treatment ranking.
Specifically, the first-order fractional polynomial model fit the
OS data best when power parameter = −0.5 and fit rPFS data best
when power parameter = 0 (equivalent to Weibull distribution).
Figure 3 shows the expected OS and rPFS curves up to 48 months
post randomization for each treatment, which are based on
the estimated time-varying HRs of each treatment relative to
placebo/no treatment and subsequently applied to a para-
metric reference curve with no treatment obtained from the
STAMPEDE trial. According to the survival curves, abiraterone
acetate appeared to be associated with the highest OS proba-
bility and enzalutamide appeared to be associated with the
highest rPFS probability. The treatment ranking and the HR of

each treatment relative to placebo/no treatment over time are
presented in eFigure 4 and eFigure 5 in the Supplement.

Safety Outcomes
According to the overall ORs compared with placebo/no treat-
ment and median ranks, treatments ordered from the safest
to the least safe regarding their associations with SAE risks were
standard nonsteroidal antiandrogen (OR, 0.66; 95% CI, 0.45-
0.96), enzalutamide (OR, 0.92; 95% CI, 0.68-1.23), apalu-
tamide (0.97; 95% CI, 0.72-1.32), abiraterone acetate (1.42;
95% CI, 1.10-1.83), and docetaxel (23.72; 95% CI, 13.37-45.15)
(Figure 2). A league table presenting the ORs for all possible
treatment comparisons is available in eTable 4 in the Supple-
ment. Treatment ranking probabilities suggested that stan-
dard nonsteroidal antiandrogen agents have the highest prob-
ability of being the safest (94%) regarding SAEs and docetaxel
has the highest probability of being the least safe treatment
(100%) (eFigure 2 in the Supplement).

Exploration for Inconsistency
According to the treatment network (Figure 1), effect esti-
mates in the triangular loop formed by docetaxel, abi-
raterone acetate, and placebo/no treatment were informed by
both direct and indirect evidence. We found no evidence of
statistical inconsistency for any outcomes (P = .82 for OS;
P = .14 for rPFS).

Discussion
This study compared systemic treatments for mCSPC to in-
form decision-making. We conducted a comprehensive search
for eligible RCTs, critically appraised trial quality, synthe-
sized trial data, and ranked treatments by effectiveness and
safety shown in randomized clinical trials. We identified 7 eli-
gible trials constructing a scarce network in which most treat-
ments have not been compared in head-to-head trials, which
highlights the importance of the study. Three drugs were as-
sociated with significantly improved OS when added to ADT.

Figure 3. Overall Survival and Radiographic Progression-Free Survival Based on Relative Treatment Effect Estimates
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Among them, abiraterone acetate was associated with signifi-
cantly larger OS benefit than docetaxel, and similar OS ben-
efit to apalutamide. In terms of safety, docetaxel was associ-
ated with substantially increased SAEs, abiraterone acetate
with slightly increased SAEs, and apalutamide with no in-
crease in SAEs.

Our study provides several insights. First, we evaluated
comparative drug safety, which was not evaluated in previ-
ous reviews. Second, we modeled the time-varying HR, which
has not been addressed by previous reviews. We closely mod-
eled the observed Kaplan-Meier curves and validated the ro-
bustness of results against different assumptions of HRs (time
invariant vs time varying). This analysis is necessary given that
nonproportional hazards were detected in the STAMPEDE
trial.8,42 Third, we confirmed and updated findings of previ-
ous reviews. Our results are consistent with those of a previ-
ous review that compared abiraterone acetate, docetaxel, zole-
dronic acid, and celecoxib for mCSPC and suggested that
abiraterone acetate may be the most effective treatment fol-
lowed by docetaxel.43 Our findings are different from those of
a review that suggested enzalutamide to be the most effec-
tive treatment; relative rankings of other drugs were similar
to our estimates.44 However, the most recent ARCHES trial was
not included in that review, which showed no OS benefit when
comparing enzalutamide with placebo.11

This study is important for patients, clinicians, and pay-
ers given the uncertainty about the optimal treatment for
mCSPC, which causes significant morbidity and mortality
among older men. The findings of this study may be appli-
cable to patients with mCSPC in different countries because
most included trials were multinational, recruiting patients
from America, Europe, Asia, and Oceania. Future cost-
effectiveness research based on our findings may inform
value-based decision-making.

Limitations
Our study has limitations, many of which reflect opportuni-
ties for improving the design and data sharing of the under-

lying RCTs that we relied on for our analysis. First, the incon-
sistency in outcome measures across trials precluded treatment
comparison for many outcomes. Although we examined rPFS,
its inconsistent definition required us to assume that radio-
graphic progression occurs earlier than symptomatic progres-
sion and initiation of new anticancer treatment and death from
other causes. This assumption is supported by observations
in the LATITUDE trial in which the median rPFS was 14.7
months compared with a median time to pain progression of
16.6 months and a median time to subsequent prostate can-
cer therapy of 21.2 months in the placebo plus ADT arm.9 Sec-
ond, subgroup analyses were not feasible for many baseline
characteristics because of different cutoff levels across trials.
Third, the follow-up durations were different across trials. The
relatively short follow-up periods for some treatments may bias
against their long-term effectiveness estimation. Specifi-
cally, trials for enzalutamide and apalutamide had 14- and 23-
month follow-ups, respectively. The immature OS data may bias
against these treatments, especially for enzalutamide. Fourth,
although hormonal therapies are estimated to be safer than do-
cetaxel in terms of SAEs, the results were based on RCTs with
14- to 84-month duration. In addition, although docetaxel is
typically used for 6 cycles (18 weeks), hormonal therapies are
administered until disease progression occurs (approxi-
mately 2 years).9 Long-term adverse effects of hormonal thera-
pies need continuous monitoring and further assessment. Fifth,
a network meta-analysis based on individual patient data,
which would be more informative, was attempted but infea-
sible owing to suboptimal data sharing.45

Conclusions
As add-on treatments to ADT, abiraterone acetate and apalu-
tamide may provide the largest OS benefits with relatively low
SAE risks among patients with mCSPC in RCTs. Although en-
zalutamide may improve rPFS to the greatest extent, longer
follow-up is needed to examine its OS benefits.
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