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We examined the comparative efficacies of first-line abiraterone and enzalutamide in pre- and postdocetaxel settings in castration-
resistant prostate cancer (CRPC) through a trial level meta-analysis. A mixed method approach was applied to 19 unique studies
containing 17 median overall survival (OS) estimates and 13 median radiographic progression-free survival (PFS) estimates. We
employed a random-effects meta-analysis to compare efficacies of abiraterone and enzalutamide with respect to OS and PFS. In
the predocetaxel setting, enzalutamide use was associated with an increase in median OS of 5.9 months (𝑝 < 0.001), hazard ratio
(HR) = 0.81, and an increase in median PFS of 8.3 months (𝑝 < 0.001), HR = 0.47 compared to abiraterone. The advantage of
enzalutamide improved after adjusting for baseline Gleason score to 19.5 months (𝑝 < 0.001) and 14.6 months (𝑝 < 0.001) in
median OS and PFS, respectively. In the postdocetaxel setting, the advantage of enzalutamide use was nominally significant for
median PFS (1.2 months 𝑝 = 0.02 without adjustment and 2.2 months and 𝑝 = 0.0007 after adjustment); there was no significant
difference in median OS between the two agents. The results from this comprehensive meta-analysis suggest a survival advantage
with the use of first-line enzalutamide over abiraterone in CRPC and highlight the need for prospective clinical trials.

1. Introduction

Prostate cancer is the most common cancer diagnosis in
men and is projected to account for more than 160,000
new diagnoses in the United States in this year [1]. While
localized prostate cancer has excellent prognosis, castration-
resistant prostate cancer (CRPC) is uniformly lethal after a
period of about 1–3 years [2]. Castration resistance represents
the cumulative result of escape mechanisms deployed by
the tumor to overcome androgen deprivation [3], clini-
cally manifested by biochemical or radiographic progression
despite castrate levels of serum testosterone [4]. In recent
years, the FDA approvals of several new therapeutic agents
for CRPC, such as the androgen receptor signaling axis-
targeting agents, abiraterone [5] and enzalutamide [6], have

transformed the clinical management of advanced prostate
cancer. Despite these advancements, the improvements in
survival offered by these therapies are modest, on the order
of several months, given the rapid and inevitable emergence
of resistance.The issue of resistance is particularly relevant in
CRPC with the rise of cross-resistance between abiraterone
and enzalutamide [7–10], as well as between these agents and
taxane therapies [11].

The availability of multiple CRPC therapies necessitates
an understanding of optimizing the sequence in which
these therapies are deployed, an area of major investigative
effort [12, 13]. Abiraterone and enzalutamide were initially
approved for use in the postdocetaxel setting [14, 15], with
expanded indications for docetaxel-näıve CRPC [16–18] use
shortly thereafter. Given their favorable side effect profile
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Between Jan. 1, 2008, and Nov. 1, 2016
“enzalutamide AND median AND survival”
“abiraterone AND median AND survival”

265 articles were extracted from PubMed and Web of Science with the queries

AX(3) versus EX(2) DA(3) versus DE(3)AX(3) versus EX(4)DA(10) versus DE(2)

13 median PFS estimates reported17 median OS estimates reported

24 cohorts containing AX, EX, DA, and DE treatment orders

19 articles �t our inclusion criteria

Figure 1: Flow schematic depicting inclusion and exclusion criteria for selection of studies. AX: predocetaxel abiraterone; EX: predocetaxel
enzalutamide; DA: postdocetaxel abiraterone; DE: postdocetaxel enzalutamide; OS: overall survival; PFS: radiographic progression-free
survival.

and convenience of outpatient therapy compared to taxanes,
abiraterone and enzalutamide are often deployed early in the
CRPCdisease course, withmuch of the decision-making as to
which agent should be initiated, deferred to oncologist expe-
rience, toxicity profile, and patient preference. To date, there
have been no direct prospective investigations comparing the
efficacies of abiraterone and enzalutamide in CRPC patients,
with only a few retrospective analyses [19] of single institution
experiences.

Given that the emergence of cross-resistance and unique
selective pressures exerted by abiraterone and enzalutamide
may influence the efficacies of successive treatments, there is
a need to determine whether these two therapies are truly
interchangeable entities or whether there are differences in
survival outcomes.We thus conducted a comprehensive trial-
level meta-analysis to examine the comparative efficacies of
abiraterone and enzalutamide in the first-line CRPC (predo-
cetaxel) and second-line CRPC (postdocetaxel) settings by
utilizing the published literature.

2. Methods

The primary goal of this study is to compare median overall
survival (OS) and median radiographic progression-free sur-
vival (PFS) of abiraterone and enzalutamide in both pre- and
postdocetaxel settings. The treatment sequences examined
were first-line abiraterone (denoted as AX) and first-line
enzalutamide (EX) in the predocetaxel setting and docetaxel-
to-abiraterone (DA) and docetaxel-to-enzalutamide (DE) in
the postdocetaxel setting. The median time-to-event esti-
mates are defined as the time from the start of the treatment
of interest, abiraterone, or enzalutamide, to the time at which
50% of the subjects in the study group have reached the
outcome (death for OS, and disease progression for PFS).
Disease progression is determined by radiographic evidence
based on the RECIST [20] and PCWG2 [21] criteria.

Using the Entrez [22] package for Python, PubMed and
Web of Science were queried initially for “abiraterone AND
median AND survival” and “enzalutamide AND median
AND survival” with a date range from January 1, 2008, to
November 1, 2016 (Figure 1). Querying through “median”
estimates allowed us to maximize the number of suitable
studies. Many studies had only a single cohort that met
our inclusion criteria (described below), which may have
been omitted under other queries such as “hazard ratio.” A
total of 265 peer-reviewed articles, in English, were curated.
Studies were excluded if any of the following conditions were
met: (1) greater than 20% of the study population utilized
a prior therapy with another androgen deprivation agent
(e.g., a DA study in which greater than 20% of patients
had prior enzalutamide use); (2) no confidence intervals
or bounds were reported for the median estimates; (3)
disease progression in a PFS study was not evaluated through
radiographic evidence; studies with composite radiographic
and PSA progression estimates were also excluded. For
studies with a series of publications, we use the most up-
to-date estimates in our analyses. To assess the potential of
publication bias, we generated funnel plots of effect against
precision for all treatment sequences.

In total, 6 clinical trials and 18 nonclinical trials (Table 1)
qualified for inclusion using our criteria: 17 cohorts provided
median OS estimates while 13 cohorts provided median PFS
estimates. Of the 17 median OS estimates, 3 were for the
AX sequence and 2 were for EX, and 10 were for DA and
2 were for DE. Of 13 cohorts with median PFS estimates, 3
were for the AX sequence and 4 were for EX and 3 were
for DA and 3 were for DE (Figure 1). Available confidence
intervals or bounds and sample sizes were also recorded.
Most, but not all, of these studies also reported summary
baseline characteristics such as race, mean or median age,
proportion of patients with a Gleason score ≥ 8, and median
baseline PSA score (ng/mL) (Table 1). In addition to the



Prostate Cancer 3

Table 1: All studies included in analysis.

Author/study PMID Clinical trial code 𝑛 Treatment Race Age Gleason score ≥ 8 Baseline PSA
(median)

PSA decline
≥ 50%

Thortzen et al. 26971191 45 AX White 71.3 60% 156 51%
Poon et al. 27001043 58 AX Asian 77.0 28% 212 62%
Suzman et al. 25053178 30 AX White 70.6 48% 192 34%
Kim et al. 25336698 39 AX White 71.0 48.5 41%
COU-AA-302 23228172 NCT00887198 546 AX White 70.5 29%
Yamasaki et al. 26722066 51 EX Asian 74.0 78% 11.2 63%
Higano and Crawford 25698064 65 EX White 68.0 35 63%
TERRAIN 26774508 NCT01288911 184 EX White 70.3 55% 21 82%
STRIVE 26811535 NCT01664923 198 EX White 72.0 51% 11 81%
PREVAIL 25888263 NCT01212991 872 EX White 71.3 51% 54.1 78%
Kwak et al. 25099185 82 DA Asian 71.0 74% 124.3 49%
Ferraldeschi et al. 25454616 57 DA White 66.0 41% 155 32%
COU-AA-301 23142059 NCT00638690 797 DA White 69.0 51% 27 38%
Praet et al. 26850781 368 DA White 73.0 103 37%
Poon et al.∗ 27001043 52 DA Asian 66.0 56% 191 50%
Thortzen et al.∗ 26971191 28 DA White 70.7 71% 169 18%
Caffo et al. 24988879 265 DA White 73.0 51% 86 50%
Burgio et al. 24999168 103 DA White 74.0 53% 32.5
Ferraldeschi et al.∗ 25454616 87 DA White 69.0 55% 237 43%
Qu et al. 27489290 81 DA White 49% 16.4
Conteduca et al. 27434372 193 DE White 73.1 51%
Yamasaki et al.∗ 26722066 40 DE Asian 83% 23 44%
Higano and Crawford∗ 25698064 75 DE White 68.0 64 53%
AFFIRM 22894553 NCT00974311 800 DE White 68.8 50% 107.7 54%
The studies that provided two cohorts for our analyses are denoted (∗) and correspond to those in Figures 2 and 3. Race is the predominant proportion within
each cohort and age is either a mean or median measure. Blank cells indicate a lack of reporting in that category.

median time-to-event estimates, most studies we considered
reported the proportion of patients with PSA decline ≥ 50%
(Table 1). Unequal variance 𝑡-tests were performed for these
characteristics (Table 2).

Due to a lack of access to individual-level data, a trial-level
meta-analysis was conducted using the rma.mv() function
in the metafor package of R software [23]. Heterogeneity
within treatment sequence groups (𝐼2 > 80% except for
the DA sequence with respect to PFS) suggested a mixed-
effects model when combining effect sizes.Themedian time-
to-event estimate from each study was weighted by its inverse
variance, where the variancewas calculated from the reported
95% confidence interval (CI) as (UB − LB)/3.92, where UB
and LB are the upper and lower bounds of theCI, respectively.
Six studies only reported a lower bound presumably because
early censoring prevented estimation of the upper bound; in
these cases, the variance was calculated as (median-LB)/1.96.
The rma.mv() function in the metafor package accounts for
nonindependence in observed effects as we analyzed more
than one median estimate from several studies (Ferraleschi
et al., Higano et al., Poon et al., Thortzen et al., and Yamasaki
et al.). This function also allows adjustment for baseline

patient characteristics such as the proportion of patients with
a Gleason score ≥ 8.

For each of the two time-to-event outcomes (OS and
PFS), a hazard ratio (HR) between two treatment sequences
was calculated as the inverse ratio between their median
survival estimates. It has been shown [24] that there is a
high concordance between HR and inverse median survival
ratio. In fact, under the exponential survival model (i.e.,
constant hazard functionmodel), HR equals the inverse ratio
of median survival time.

3. Results

As described in Methods and Figure 1, 265 publications
were manually assessed and 24 cohorts met our inclusion
criteria. Although we cannot rule out publication bias or
lack thereof due to the limited number of studies per group,
we do not discern any bias in the funnel plots (Supple-
mental S1 in Supplementary Material available online at
https://doi.org/10.1155/2017/8560827).

The baseline characteristics—age, proportion with Glea-
son score ≥ 8, and baseline median PSA score—were com-
parable between AX and AE and between DA and DE for

https://clinicaltrials.gov/ct2/show/NCT00887198
https://clinicaltrials.gov/ct2/show/NCT01288911
https://clinicaltrials.gov/ct2/show/NCT01664923
https://clinicaltrials.gov/ct2/show/NCT01212991
https://clinicaltrials.gov/ct2/show/NCT00638690
https://clinicaltrials.gov/ct2/show/NCT00974311
https://doi.org/10.1155/2017/8560827
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Figure 2: Forest plot depicting median OS (in months) of AX (𝑛 = 3), EX (𝑛 = 2), DA (𝑛 = 10), and DE (𝑛 = 2) cohorts. Open circles on
confidence bounds denote studies that only provided the lower confidence bound.

both OS and PFS analyses (Table 2). As expected, there was a
negative correlation between the proportion of patients with
a Gleason score ≥ 8 and median baseline PSA score for both
OS (𝑟 = −0.22, 𝑝 = 0.45) and PFS (𝑟 = −0.44, 𝑝 = 0.28)
(Supplemental Figures S2 and S3). The DE cohorts had a
significantly higher proportion of patients with PSA decline
≥ 50% than the DA cohorts for both OS and PFS (Table 2).

The EX cohorts also had a higher proportion of patients with
PSA decline ≥ 50% than the AX cohorts, and the difference
was significant for PFS (Table 2). The PSA advantages of
enzalutamide over abiraterone are consistent with our main
results with respect to median survival.

The combined estimates for median OS for all four
treatment sequences are shown in Figure 2. The median OS
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Table 2: Baseline patient characteristics.

(a) Studies reporting median OS estimates

AX EX DA DE Overall
Studies (count) 3 2 10 2 17
Sample Size 649 923 1920 993 4485
Race (count)

White 2 1 8 2 13
Asian 1 1 2 0 4

Age (median) 71.3 72.7 70.7 71.0 71.2
Baseline PSA (median) 184.0 32.7 𝑝 = 0.06 113.6 107.7 ∗ 107.7
Gleason score ≥ 8 (proportion) 42% 52% 𝑝 = 0.44 53% 50% ∗ 39%
PSA decline ≥ 50% (proportion) 34% 77% 𝑝 = 0.16 36% 53% 𝑝 = 0.02 48%

(b) Studies reporting median PFS estimates

AX EX DA DE Overall
Studies (count) 3 4 3 3 13
Sample size 615 498 1268 915 3296
Race (count)

White 3 3 3 2 11
Asian 1 1 2 0 2

Age (median) 70.6 71.2 73.0 68.4 70.6
Baseline PSA (median) 120.3 16.1 𝑝 = 0.39 32.5 64.0 𝑝 = 0.77 33.8
Gleason score ≥ 8 (proportion) 48% 56% ∗ 51% 52% 𝑝 = 0.54 52%
PSA decline ≥ 50% (proportion) 30% 77% 𝑝 = 0.003 38% 53% 𝑝 = 0.06 47%
𝑇-tests with unequal variances 𝑝 values are shown for the comparisons between AX and EX and between DA and DE. ∗Not enough information for the test.

for EX (31.1 months, 95% CI 29.3–32.9) was significantly
longer than that for AX (25.2 months, 95% CI 23.7–26.6).
The difference was 5.9 months (𝑝 < 0.0001; HR = 0.81).
Because the studies had different baseline characteristics
especially with respect to the proportion of patients with a
Gleason score ≥ 8, we also performed an analysis to adjust
for this baseline characteristic. The adjusted result showed
an even larger difference in outcomes between the AX and
EX sequences, with the EX group having a 19.5 month
improvement in OS (95% CI: 16.50–22.53) compared to the
AX group (𝑝 < 0.001) (Table 3). However, there was little
difference in median OS between DA (15.9 months, 95% CI
15.3–16.6) and DE (16.7 months, 95%CI 15.4–18.1) (𝑝 = 0.28);
the HR was 0.95.

The combined estimates for median PFS for all four
treatment sequences are shown in Figure 3. The patterns
are similar to those for OS. The median PFS for EX was
15.8 months (95% CI 14.3–17.2), while that for AX was 7.4
months (95% CI 6.2–8.7), showing a significance difference
of 8.3 months between the sequences (𝑝 < 0.0001). The
corresponding HR was 0.47. The advantage of EX is also
increased after adjusting for the baseline Gleason score,
representing a 14.6-month improvement compared to the AX
group (𝑝 < 0.001) (Table 3).There was a nominally statistical
difference in median PFS between DA (5.9 months, 95% CI
5.2–6.5) and DE (7.1 months, 95% CI 6.2–8.0) (1.2 months;
𝑝 = 0.02); the HR was 0.82. The adjustment for the baseline
Gleason score also made the difference between DE and DA

Table 3: Enzalutamide advantage over abiraterone (without and
with adjustment for baseline Gleason score) in months (𝑝 value).

Unadjusted Adjusted
OS

Predocetaxel 5.9 (<0.001) 19.5 (<0.001)
Postdocetaxel 0.8 (0.28) 1.5 (0.7)

PFS
Predocetaxel 8.3 (<0.001) 14.6 (<0.001)
Postdocetaxel 1.2 (0.02) 2.2 (<0.001)

More detailed results are available in Supplemental S4 and S5.

more significant, with DE having a 2.2-month improvement
over DA in PFS (𝑝 = 0.0007).

4. Discussion

In this meta-analysis, we compared the efficacies of abi-
raterone and enzalutamide by pooling results from 19 pub-
lished studies, which yielded 24 cohorts with median OS
and/or median PFS estimates. We found that treatment
with first-line enzalutamide was associated with improved
outcomes both in terms of OS (HR = 0.81) and PFS (HR =
0.47) compared to first-line abiraterone in the predocetaxel
CRPC setting. First-line enzalutamide treatment was asso-
ciated with a median OS advantage of 5.9 months and a
median PFS advantage of 8.3 months; these advantages were
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Figure 3: Forest plot depicting median radiographic PFS (in months) for AX (𝑛 = 3), EX (𝑛 = 4), DA (𝑛 = 3), and DE (𝑛 = 3) cohorts.

further improved to 19.5 and 14.6 months, respectively, after
baseline Gleason score was taken into account. We note that
the greatest median survival estimates for AX belonged to the
clinical trial COU-AA-302 for both OS and PFS and that, in
the case of OS, COU-AA-302 showed much longer median
survival than all other studies which, we suspect, is due to
the highly selective nature of clinical trial investigations. The
single-center studies that decrease the combined estimate
for predocetaxel abiraterone may be more reflective of real-
world experiences. In the postdocetaxel setting, enzalutamide
showed a small but statistically significant (especially after
adjusting for baseline Gleason score) advantage over abi-
raterone with respect to PFS.

A recent pooled analysis of only major phase III clin-
ical trials PREVAIL, AFFIRM, COU-AA-301, and COU-
AA-302 conducted by Chopra et al. [25] yielded similar
but less significant findings. Enzalutamide was suggested
to be superior to abiraterone with respect to radiographic
PFS in both pre- and postdocetaxel settings; their results
for the OS were not statistically significant although the
direction of effect was in agreement with our findings. In that
study, adjustments for baselinemeasures were not considered
even though Gleason score has been shown to be strongly
predictive of survival outcomes in CRPC [26]. Our finding
of the association between enzalutamide use and longer
survival for both OS and radiographic PFS, especially after
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adjusting for baseline Gleason score, underscores the need
for prospective studies comparing the two drugs and suggests
that abiraterone and enzalutamide should perhaps not be
considered as interchangeable AR-targeting agents.

It is important to note that our study seeks to identify
differences in outcomes of abiraterone and enzalutamide
utilized in the CRPC trajectory but does not directly address
the issue of optimal sequencing of AR therapies in relation to
one another orwith docetaxel.Wewere also unable to directly
compare efficacies of one AR agent after the other (i.e.,
abiraterone after enzalutamide or vice versa) given the lack
of studies on these sequences fitting our inclusion criteria.
To date, there have been some retrospective studies reporting
single-center experiences with the sequencing of abiraterone
and enzalutamide. Maughan et al. [19] suggested enhanced
PFS using the abiraterone-to-enzalutamide sequence over
the enzalutamide-to-abiraterone sequence, suggesting that
the former may maximize the therapeutic benefit of both
therapies while minimizing cross-resistance. A second ret-
rospective study also revealed similar findings [27]. Our
finding of potential enzalutamide superiority in the first-
line CRPC setting is not necessarily at odds with those
results, as the AX and EX cohorts received a heterogeneous
set of therapies after abiraterone or enzalutamide failure,
and does not necessarily reflect outcomes for when one AR
agent is followed directly by the other. In addition, due to
the lack of access to individual patient-level data from the
studies, we were unable to identify the subgroups of patients
that benefited most from enzalutamide in the first-line
setting. It is entirely possible that certain unknown patient
characteristics are accounting for the superior survival in
predocetaxel enzalutamide-treated patients. Mechanistically,
these patients may have derived more benefit from first-
line enzalutamide given that, perhaps, CYP17-driven adrenal
androgen production (target of abiraterone therapy) was not
the major driver of their disease.

Our findings, combined with the fact that several studies
have suggested an attenuated response to the secondARagent
compared to treatment näıve cases [7–10], are reasons to pur-
sue prospective trials aiming to optimize treatment sequence
inCRPC. To this end, the optimal sequencing ofAR-targeting
agents in CRPC is being assessed by ongoing prospec-
tive studies such as NCT02125357, a phase II randomized
study of abiraterone-to-enzalutamide versus enzalutamide-
to-abiraterone in chemo-naı̈ve CRPC patients. Preliminary
results suggest that enzalutamide use is associated with
superior PSA response compared to abiraterone use first line
[28]. This ongoing study also includes efforts on biomarker
identification using circulating tumor DNA (ctDNA) to
assess genomic alterations in genes such as AR, p53, and
BRCA. Such predictive biomarkers are an important asset to
clinical decision-making and treatment selection in the era of
noninvasive tumor profiling. To that end, AR splice variant-
7 (AR-V7) is a ligand-independent variant of the androgen
receptor that has emerged as both an underlying mechanism
of resistance and a promising predictive biomarker in CRPC.
While there are over 20 known AR splice variants, AR-V7
has established clinical relevance with its detection in clinical
specimens associated with inferior responses to abiraterone

and enzalutamide [29–31]. Taken together, the comparative
efficacy of abiraterone and enzalutamide must be assessed in
relation to known and emerging biomarkers of resistance in
CRPC.

Clinical decisions on the sequencing of therapies inCRPC
remain largely consensus-based rather than evidence-based,
given the lack of prospective head-to-head trials assessing
efficacies of agents in relation to the sequence in which they
are deployed. Here, we present a trial-level meta-analysis
using data from prospective trials and retrospective studies,
suggesting that enzalutamide use is associated with longer
median OS and PFS compared to abiraterone in the first-line
(predocetaxel) setting and that this survival improvement is
further accentuated when baseline Gleason score is taken
into account. These findings highlight the limitations in
using a consensus-based approach to treatment selection
in treatment naı̈ve CRPC patients and the need to pursue
prospective trial validation. However, until further work is
done to confirm optimal treatment selection and treatment
sequencing, biomarkers in the management of metastatic
CRPC, clinical factors such as comorbid conditions, cost
considerations, patient preference, and side effect profiles
should continue to guide the clinician’s decision on treatment
sequencing of systemic therapies for men with metastatic
CRPC.
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