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Multiple therapies are used in standard-of-care treatment
for patients with metastatic castration-resistant prostate
cancer (mCRPC), including the androgen signaling inhibi-
tors (ASIs) abiraterone and enzalutamide, and the taxanes
docetaxel and cabazitaxel. Despite these advances, mCRPC
remains an incurable disease with median survival of 2 yr in
routine practice [1]. On May 19, 2020, the US Food and Drug
Administration (FDA) approved the PARP inhibitor olaparib
for patients with mCRPC and mutations in homologous
recombination repair (HRR) genes after progression on
abiraterone or enzalutamide. This decision was based on
interim analyses of the phase 3 PROfound trial [2]. In this
commentary, we review methodological concerns with this
trial and discuss whether olaparib should be a standard-of-
care treatment in this population.

The PROfound trial evaluated the efficacy of olaparib for
mCRPC with an alteration in prespecified HRR genes.
Patients who progressed on abiraterone or enzalutamide
were randomized to olaparib or physician’s choice of
abiraterone or enzalutamide. PROfound met its primary
endpoint of radiographic progression-free survival (rPFS) in
two populations: cohort A, consisting of patients with
BRCA1, BRCA2, or ATM mutations (median 7.4 mo vs 3.6 mo;
hazard ratio [HR] for progression or death 0.34, 95%
confidence interval [CI] 0.25–0.47); and cohorts A + B,
which included patients with other HRR mutations
(5.8 mo vs 3.5 mo; HR for progression or death 0.49, 95%
CI 0.38–0.63). Overall survival (OS), a secondary endpoint,
was numerically longer in the olaparib arm than in the
control group in cohort A (18.5 mo vs 15.1 mo; HR for death
0.64, 95% CI 0.43–0.97) and cohorts A + B (17.5 mo vs
14.3 mo; HR for death 0.67, 95% CI 0.49–0.93); however,
these differences did not meet protocol-specified statistical
significance. The objective response rate (ORR) and
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prostate-specific antigen (PSA) response rate were higher
in the olaparib arm compared to investigator’s choice.
While these results appear promising, we have four
fundamental concerns with PROfound: (1) a suboptimal
control arm; (2) use of crossover; (3) use of rPFS as the
primary endpoint; and (4) merging of cohorts A + B for
analyses.

1. Is the control arm appropriate?

The control arm of abiraterone or enzalutamide (presum-
ably whichever had not been used earlier—and, of concern,
18% of participants had received both) is suboptimal since
there is substantial cross-resistance between these agents,
leading to poor response rates and short PFS [3–5]. The PSA
response rate in the control arm was predictably low (10%).
One-third of participants did not have prior docetaxel and
�80% had not received cabazitaxel, both of which offer OS
and quality-of-life benefits [6,7]. A true “physician’s choice”
control arm would have included (and recommended) these
agents, perhaps with the option of platinum given its
activity in small trials for mCRPC and general activity
against cancers with DNA repair deficiency [8].

The control arm in PROfound is not consistent with the
TOPARP-A phase 2 trial that preceded phase 3 testing of
olaparib in this setting, in which all participants had prior
taxane therapy [9]. For PROfound, the authors attempt to
justify the control arm by citing low response rates to
taxane therapy after ASI and the fact that almost half of
patients in “routine practice” do not receive a taxane,
according to a single-institution series of 119 patients
[10]. However, the participants in PROfound are probably
very different from those reported in a small single-center
case series: if they were fit enough to receive olaparib,
edicine, University of California, San Francisco, San Francisco, CA, USA.
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almost all would have been fit enough to receive a taxane.
Most men in the control arm of PROfound received
substandard therapy.

2. When is the use of crossover appropriate?

In PROfound, men in the control arm were permitted to
cross over to olaparib treatment on progression, and 82% of
them did so. As a general rule, crossover is desirable in trials
that seek to move an established drug to earlier lines of
therapy (ie, comparing routine upfront use to salvage use).
Crossover is undesirable in trials seeking to establish the
fundamental efficacy of novel therapies [11].

As a result of crossover in PROfound, many men in the
control arm waited twice for taxane therapy (first while
receiving an ASI, and then while on olaparib). Crossover
results in ambiguity as to whether the OS difference is
attributable to effective treatment or to a delay in other
effective therapies occurring disproportionately among
patients in the control arm. Because subsequent lines of
therapy are not described in the publication, it is not feasible
to identify whether men received appropriate postprotocol
therapy.

3. Is rPFS an appropriate primary endpoint?

The essential outcome measures showing benefit in a phase
3 trial are OS and its quality, and it is laudable that most
previous trials for men with mCRPC have defined OS as the
primary endpoint [7,12–16]. Although some studies have
examined the correlation between rPFS and OS, there is no
robust (trial-level) analysis showing that rPFS is a valid
surrogate endpoint for OS or quality of life in the setting of
mCRPC [17]. Although numerical OS differences were
observed between the experimental and control arms for
cohort A and cohorts A + B of PROfound, these differences
did not meet the prespecified interim analysis a level of
0.01. The OS results, albeit with immature data, should be
interpreted with caution, especially since postprotocol
therapies were not described and are probably imbalanced.

4. What are the outcomes for cohort B?

Analysis for cohort B, a genetically heterogeneous group of
men whose tumors had mutations in 12 prespecified genes,
was only reported in the Supplementary material for
PROfound, without statistical analysis. Crossing rPFS curves
with a small rPFS benefit in cohort B suggest that cohort A
drove the rPFS improvement demonstrated for cohorts
A + B. The use of olaparib in patients with mCRPC and HRR
mutations other than BRCA1, BRCA2, and ATM is therefore
unsubstantiated, and it is concerning that FDA approval was
granted for cohorts A + B.

5. Where do we go from here?

Olaparib is a very expensive treatment that is priced at more
than $12 000 per month [18]. Somatic sequencing and/or
germline testing are required to detect HRR mutations,
which are present in only 22% of patients with mCRPC
[19]. It is difficult to justify these costs when considering the
design flaws of the PROfound trial. Docetaxel, by contrast, is
approximately one-third of the price of this agent [18].

Instead of PROfound, a trial is needed to compare
olaparib with a true investigator’s choice. This would
include taxanes (for those who had not received them) and
platinum, which has a promising PSA response rate of >50%
in HRR-mutated mCRPC [19]. The central question is
whether having olaparib in the clinical “toolbox” can
improve quantity or quality of life for this population.
Unfortunately, the limitations of PROfound prevent us from
knowing the answer.
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