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ABSTRACT

Background

PTEN loss and aberrations in PISK/AKT signaling kinases associate with poorer
response to abiraterone acetate (AA) in metastatic castration-resistant prostate cancer
(mCRPC). In this study, we assessed antitumor activity of the AKT inhibitor
capivasertib combined with enzalutamide in mMCRPC with prior progression on AA and
docetaxel.

Methods

This double-blind, placebo-controlled, randomized phase 2 trial, recruited men 218
years with progressing mCRPC and performance status 0-2 from 15 UK centers.
Randomized participants (1:1) received enzalutamide (160mg orally, once daily) with
capivasertib (400mg)/ placebo orally, twice daily on an intermittent (4 days on, 3 days
off) schedule. Primary endpoint was composite response rate (RR): RECIST 1.1
objective response, 250% PSA decrease from baseline, or circulating tumor cell count
conversion (from =5 at baseline to <5 cells/7-5 mL). Subgroup analyses by PTENiHc
status were pre-planned.

Results: Overall, 100 participants were randomized (50:50); 95 were evaluable for
primary endpoint (47:48); median follow-up was 43 months. RR were 9/47 (19.1%)
enzalutamide/capivasertib and 9/48 (18.8%) enzalutamide/placebo (absolute
difference 0.4% 90%CI -12.8 to 13.6, p=0.58), with similar results in the PTENHc
loss subgroup. Irrespective of treatment, OS was significantly worse for PTENHc loss
(10.1 months [95%CI: 4.6-13.9] vs 14.8 months [95%CI: 10.8-18]; p =0.02). Most
common treatment-emergent grade=3 adverse events for the combination were
diarrhea (13% vs 2%) and fatigue (10% vs 6%).

Conclusions: Combined capivasertib/enzalutamide was well tolerated but didn’t
significantly improve outcomes from abiraterone pre-treated mCRPC.
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INTRODUCTION

Prostate cancer (PC) is one of the commonest causes of cancer-related death [1], with
a mainstay of its systemic therapy remaining androgen deprivation therapy (ADT) [2].
Metastatic disease invariably becomes castration-resistant (MCRPC), although
androgen receptor (AR) dependency continues [3]. This led to development of AR
pathway inhibitors (ARPI) including abiraterone acetate (AA), enzalutamide,
apalutamide and darolutamide [4-7]. Mechanisms of resistance to ARPI include but
are not limited to AR amplification, mutations [8] and constitutively active splice

variants [9].

PISK/AKT pathway activation, mainly due to PTEN loss, is a mechanism of resistance
to AR blockade [10]. PTEN loss and aberrations in PISK/AKT signaling kinases
(PIK3CA/PIK3CB/AKT1/AKT2) associate with worse outcomes and poorer response
to AAin mCRPC [11, 12]. This led to studies combining ARPIs with AKT blockade [13,
14]. Here, we present the RE-AKT trial that explored antitumor activity of capivasertib,
and enzalutamide compared to enzalutamide alone in men with mCRPC previously

treated with AA and docetaxel.

MATERIALS AND METHODS

Study design and participants

RE-AKT (ISRCTN17168679, NCT02525068) was a multicenter, double-blind,
placebo-controlled, randomized phase Il trial (1:1) conducted in 15 UK centers
(Appendix A). Eligibility criteria included: age =218 years; 1-2 prior lines of taxane

therapy; =212 weeks of prior AA; histologic PC diagnosis; Eastern Cooperative
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Oncology Group (ECOG) performance status 0-2; PSA = 10ng/ml; castrate serum
testosterone (full list in Appendix B). Patients provided written informed consent
before enrolment. The study was co-sponsored by The Royal Marsden Hospital and
The Institute of Cancer Research (ICR) UK; approved by a Research Ethics
Committee (14/LO/0259); coordinated centrally by The Clinical Trials and Statistics
Unit at ICR (ICR-CTSU); conducted to the principles of good clinical practice and

overseen by independent data monitoring and steering committees.

Randomization and masking

Eligible patients were randomly allocated (1:1) centrally using an interactive web
response system (IWRS, Cenduit Solutions) to receive enzalutamide/capivasertib or
enzalutamide/placebo. Allocation used a minimization algorithm with a random
element incorporated, with center, number of prior chemotherapy lines and prior
response to abiraterone as balancing factors. Participants and clinicians were masked

to treatment allocation.

Procedures

Participants received capivasertib 400mg or matching placebo, orally, twice daily on
an intermittent (4 days on and 3 days off) dosing schedule. Enzalutamide 160mg was
administered orally, once daily. Patients continued on study treatment until disease
progression (clinical or radiological), unacceptable toxicity or patient decision to
discontinue. Clinical assessments took place 1 and 2 weeks after the start of
treatment, then at the start of every new 4-week cycle, including monitoring of adverse
events (graded according to Common Terminology Criteria for Adverse Events
(CTCAE version 4.0), performance status, physical examination, routine bloods, and
symptom review. Pain was assessed using the Brief Pain Inventory Short Form (BPI-

SF) [15, 16].
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Radiological assessments (CT and bone scans) were every 12 weeks. Circulating
tumor cell (CTC) counts were measured every 4 weeks for the first 12 weeks, and
thereafter every 12 weeks. CTC counts were not made available to the treating
physician. PSA serum measurements were collected every cycle if available, and
every 12 weeks at a minimum. Blood samples for correlative biomarker studies were

taken every 4 weeks.

PTEN protein immunohistochemical (PTENic) expression was determined as
previously described [11]. In short, nuclear and cytoplasmic staining intensity were
assessed by a pathologist blinded to clinical outcome data using H-scores [(% of weak
staining cells) x 1] + [(% of moderate staining cells) x 2] + [(% of strong staining cells)
x 3] ranging from 0 (minimum) to 300 (maximum). A binary classification scheme was

used with PTEN loss defined as H-score<10.

Outcomes

The primary endpoint was response rate, defined as a composite of: radiological
objective response (by RECIST 1.1 [17]), a decrease in PSA of 250% from baseline,
and conversion of CTC count (from =5 at baseline to <5 cells per 7-5 mL blood). PSA
and CTC responses required confirmation in a second consecutive assessment at
least 4 weeks later and absence of radiological progression. In assessing response,
only PSA and CTC assessments from 12 weeks onwards (to coincide with the first
RECIST assessment) were considered, unless a PSA or CTC response was

maintained after 12 weeks of treatment (without radiological response at 12 weeks).

Secondary endpoints included: radiographic progression free survival (rPFS), defined
as the time from randomization to first RECIST 1.1 progression, bone scan
progression defined by Prostate Cancer Working Group 2 [18], or death; overall

survival (OS), defined as time from randomization to death; best percentage change

5
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in PSA from baseline while on treatment, as well as at 12 weeks (or earlier if therapy
was discontinued); CTC count falls by 30%; maximal CTC percentage decline; CTC
percentage decline at 12 weeks; skeletal-related events (including palliative external-
beam radiotherapy, new symptomatic fractures, spinal cord compression, or tumor—
related orthopedical surgery); pain palliation using the BPI-SF worst pain intensity

score; and tolerability.

Statistical Analyses

Assuming a response rate of 17% with enzalutamide alone in the post-abiraterone and
docetaxel setting [19], 50 patients per group allowed the detection of at least 40%
response rate in the enzalutamide and capivasertib combination group (one-sided
a=0.05, 82% power). For secondary time-to-event outcomes, we targeted a hazard
ratio of 0.60 (one-sided a 0.10; 80% power), requiring 70 events, and equating to an
increase in median PFS from 5 to 8.3 months when adding capivasertib, and in OS

from 10 to 16.7 months.

Populations of analysis included the intention to treat (ITT, all randomly assigned
participants), the safety population (SP, all who received at least one dose of either
study drug) and evaluable population for the analysis of the primary endpoint. The
latter was defined as all participants in the SP meeting all eligibility criteria; patients
were excluded from this population only if they discontinued treatment prior to 12
weeks for reasons considered unrelated to trial treatment or disease. Sensitivity
analyses of the primary endpoint on the ITT population were performed, with patients
discontinuing prior to 12-week assessments considered non-responders. Analysis of
all other efficacy endpoints were performed on the ITT population. Toxicity is reported

on the SP.
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Response rates (RR) are reported with 95% confidence intervals (Cls). Treatment
effect is estimated by the absolute difference in RR, presented with 90% CI and one-
sided p-values from Fisher’s exact test as per the trial design. Other estimates are
presented with 95% Cls. Percentage changes from baseline PSA, sum of target
lesions (RECIST 1.1), and CTC counts are presented as waterfall plots, and treatment
groups compared with Mann-Whitney tests. For rPFS, patients alive and without
progression are censored at last scheduled disease assessment. Patients alive at the
end of follow-up are censored for analysis of OS. Both endpoints are summarized by
Kaplan-Meier estimates, with median times reported and groups compared with the
log-rank test. BPI-SF was assessed using standard scoring algorithms [16] with a

focus on worst pain intensity score and analgesic score.

Pre-planned subgroup analyses to assess interaction of PTENHc and treatment were
performed using logistic (for binary endpoints) or Cox proportional hazards (for time to
event endpoints) models with interaction terms and considered exploratory in nature.
Analyses are based on a database snapshot taken April 7, 2022, and performed with

Stata software (version 17).

RESULTS

Between 06/07/2016, and 06/09/2019, 137 patients were registered for screening; 100
were subsequently randomized (Figure 1). Median follow-up was 43 months. Baseline
characteristics are presented in Table 1. Although well balanced in terms of patient
demographics, diagnostic features, and previous treatments (Table C.1), in the
enzalutamide/placebo group fewer patients presented with RECIST-measurable

disease.
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Ninety-eight patients (48 enzalutamide/capivasertib, 50 enzalutamide/placebo) were
included in the SP; two patients were found ineligible after randomization, before
starting study treatment. Median time on combination treatment was 2.9 months
(interquartile range (IQR): 0.9-6.3) for enzalutamide/capivasertib, 2.7 months (1.8-4.5)
for enzalutamide/placebo. Patients who discontinued capivasertib were permitted to
continue enzalutamide alone: 12 patients (25%) continued on enzalutamide alone for
a median of 24 months (1.5-7.6). Fifteen patients (31%) allocated to
enzalutamide/capivasertib and nine patients (18%) in the enzalutamide/placebo group

remained on study treatment for more than 6 months (Figure 2A).

Antitumor activity

Ninety-five patients (47 enzalutamide/capivasertib, 48 enzalutamide/placebo) were
evaluable for at least one component of the composite RR, with 72 (76%) evaluable
for RECIST 1.1 response, 82 (86%) for PSA response, and 80 (84%) for CTC
conversion. No differences in composite RR were observed between the groups: 9/47
(19.1%) enzalutamide/capivasertib vs 9/48 (18.8%) enzalutamide/placebo (absolute
difference 0.4% 90%CI -12.8 to 13.6, p=0.58; Table 2). Radiological response was
observed in 4/35 (11.4%) evaluable enzalutamide/capivasertib patients versus 5/37
(13.5%) with enzalutamide/placebo; PSA response was observed in 7/38 (18.4%) and
8/42 (19.0%), respectively; and CTC conversion in 2/29 (6.9%) and 5/34 (14.7%),

respectively.

There were no differences between treatment groups in percentage change from
baseline in PSA at 12 weeks (p=0.28, Figure 2B), best percentage change in CTC
counts while on treatment (p=0.24, Figure 2C), or in the sum of target lesions (p=0.70,
Figure 2D). Median rPFS in the enzalutamide/capivasertib group was 5.6 months

(95%CI: 2.8 to 8.3) and 3.5 months (95%ClI: 2.8 to 5.6) in the enzalutamide/placebo
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group, with a hazard ratio (HR) of 0.78 (95% CI: 0.47 to 1.30, p=0.33, Figure 2E).
Median OS for enzalutamide/capivasertib was 13.9 months (95%CI: 9.7 to 17.7), and
11.0 months (95%CI: 7.6 to 15.9) for enzalutamide/placebo, with HR 0.76 (95% CI:

0.51 to 1.15, p =0.19, Figure 2F).

Six (12%) enzalutamide/capivasertib patients experienced at least one skeletal event
compared to 14 (28%) enzalutamide/placebo patients (absolute difference 16%
95%Cl 0.6 to 31.4, p=0.04). No statistically significant differences were found between

groups in changes in worst pain nor analgesic BPI-SF scores (Table C.2).

Antitumor activity by PTENc status

PTENHc status was available in 92/100 patients (71/92 from diagnostic biopsies,21/92
from fresh biopsies): 63/92 (68.5%) were PTENHc normal and 29/92 (31.5%) PTENHc
loss; PTENIHC was available in 88/95 (92.6%) evaluable patients, with 62/88 (70.5%)
PTENic normal, and 26/88 (29.5%) PTENiHc loss. Composite RR by PTENHc status
is presented in Table 2 and Table C.3. A breakdown of composite RR by PTENiHc
status and biopsy type is presented in Table C.4. No significant differences were found
between treatment groups within each PTENHc subgroup. Given the small number of
responses in the PTENHc loss group, a formal test for interaction of PTENiHc and

treatment was not done.

Only one response was observed in 26 PTENHc loss patients (3.8%) across both
treatment groups, while 17/62 responses (27.4%) were observed in PTENiHc normal
patients (p=0.009). This difference was demonstrated not only in PSA falls, but also
in RECIST responses and CTC counts (Table C.3). For PTEN iHc normal patients,
similar composite response rates across treatment groups were seen:

enzalutamide/capivasertib 9/29 (31%) vs enzalutamide/placebo 8/33 (24.2%).



172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

For all other efficacy endpoints, the role of PTENiHc loss as a biomarker for poor
outcome was confirmed (Figure 3A and 3B, Figure D.2, Table C.5). Median rPFS for
PTENiHc loss was 2.9 months (95%ClI: 2.7 to 5.6) compared to 5.6 months (95%Cl:
3.0 to 8.3) in PTENiHc normal patients (p=0.35). OS was significantly worse for
PTENiHc loss compared to PTENiHc normal patients, regardless of their treatment
(10.1 months [95%CI: 4.6 to 13.9] vs 14.8 months [95%ClI: 10.8 to 18]; log-rank
p=0.02). We did not, however, find signals of differential effect of AKT inhibitor

treatment and PTENHc status across all these endpoints (Figure 3C and 3D).

Safety and tolerability

Of the 98 patients starting treatment, 34 (72%) in the enzalutamide/capivasertib group
and 20 (40%) in the enzalutamide/placebo group had at least one dose reduction or
interruption during blinded treatment mainly due to adverse events (AE). Main
reasons for discontinuation of the combination were disease progression (65%
enzalutamide/capivasertib vs 74% enzalutamide/placebo), AE (25% vs 10%) and
patient or clinician’s decision (10% vs 16%). Five patients (11%) in the
enzalutamide/capivasertib group continued to receive open label enzalutamide after
discontinuing the combination due to AE for a median of 4 further cycles (IQR: 3 — 8

cycles).

The most common treatment-emergent AE while on blinded treatment on the
enzalutamide/capivasertib vs enzalutamide/placebo group were fatigue (60% vs
52%), diarrhea (75% vs 30%), decreased appetite (38% vs 34%) and nausea (42% vs
30%) (Figure D.2). Most grade 3 or higher AE were diarrhea (13% vs 2%), fatigue
(10% vs 6%), anemia (10% vs 14%) and back pain (8% vs 4%). In the combination
group, one grade 4 toxicity (diarrhea) was considered related to capivasertib; one

further grade 5 event (intracranial hemorrhage resulting in death) was considered

10
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unrelated to either treatment. All other non-prostate cancer deaths occurred >30 days
after discontinuing treatment and were considered unrelated to treatment. Ten serious
adverse reactions (SAR) were reported in five enzalutamide/capivasertib patients vs

three SAR in two enzalutamide/placebo patients (Table C.6).

DISCUSSION

Alterations in the PI3K/AKT/PTEN pathway occurs in up to 50% of mMCRPC cancers
and are associated with cell proliferation and ARPI resistance [20]. Preclinical studies
showed crosstalk between AR and PI3K/AKT signaling and support dual inhibition
having superior antitumor activity, especially in PTEN-deficient tumors [21, 22].
Capivasertib is a potent and selective inhibitor of the three AKT isoforms that has been
investigated in multiple tumors including breast and PC [23]. A phase Il trial recently
described that combining capivasertib with fulvestrant improved PFS compared to
fulvestrant alone in estrogen-receptor positive metastatic breast cancer previously
treated with aromatase inhibition [24]. In mCRPC, capivasertib in combination with
enzalutamide [14], or AA [25], has an acceptable toxicity profile with antitumor activity
reported. The phase I/ll ProCAID trial evaluated capivasertib with docetaxel and
reported a significant improvement in OS for the combination [26]. Based on these
data, two phase lll trials, CAPItello-280; (NCT05348577, docetaxel and capivasertib
in mCRPC) and CAPItello-281 (NCT04493853i, capivasertib and AA in PTEN-

deficient, de novo, metastatic, hormone-sensitive PC) are being pursued.

In our phase Il trial, in a heavily pre-treated population after AA and docetaxel, we did
not find evidence of a difference in RR between enzalutamide/capivasertib and
enzalutamide/placebo. Nevertheless, a higher proportion of patients receiving

capivasertib stayed on study treatment for more than 6 months, and, albeit non-
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statistically significant, larger rPFS and OS were also observed in the combination
group. Moreover, patients on enzalutamide/capivasertib had significantly fewer
skeletal events. The 4 days on/3 days off capivasertib schedule was well tolerated in
keeping with phase | data [14, 25]. It is noteworthy that in our Phase | we observed
that enzalutamide nearly halved capivasertib PK exposure [14], resulting in a lower
exposure than what had been observed in earlier studies of the compound, possibly

impacting on capivasertib efficacy in our study.

In our pre-planned biomarker analysis, the proportion of PTENiHc loss was slightly
lower than previously reported [11, 12]. However, we have confirmed in a prospective
trial the prognostic role of PTENiHc loss in late stage mCRPC. When stratifying by
PTENHc status there was, however, no differential RR or rPFS between treatment
groups. Although PTENHc loss is an established biomarker of sensitivity to the
combination of the AKT inhibitor ipatasertib and AA in mCRPC patients ARPI naive
[13], other clinical experiences, as well as our data, would suggest this is not the case
in more advanced stages probably due to the expression of AR splice variants in these

tumors which are not blocked by enzalutamide[27].

Conclusions

The combination of capivasertib and enzalutamide is well tolerated but, at the levels
of PK exposure that can be attained in the presence of enzalutamide, does not
increase antitumor activity compared to enzalutamide alone in post abiraterone and

taxane mCRPC.
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Tables

Table 1. Baseline Characteristics

Enzalutamide/capivasertib | Enzalutamide/placebo
(N=50) (N=50)
n | % n | %

Age (years)* 72.3(67.5,77.9) 71.5(67.7,76.2)
Ethnicity

White 47 94 50 100

Other 3 6 0 0
Primary tumor staging at diagnosis (T)

TO/T1 1 2 2 4

T2 11 22 3 6

T3 16 32 24 48

T4 9 18 6 12

Unknown 13 26 15 30
Lymphadenopathy at diagnosis (N)

NO 16 32 19 38

N1/N2 19 38 13 26

Unknown 15 30 18 36
Metastatic disease at diagnosis
M1 30 60 29 58
Total Gleason score at diagnosis

<7 22 44 23 46

=8 20 40 17 34

Unknown 8 16 10 20
Time since histological confirmation of 6.7 (4.2,11.1) 5.9(2.9,8.7)
prostate cancer (years)* n=48 n=49
Time since confirmation of castrate 3.7(2.4,5.4) 3.7 (2.6,5.4)
resistant disease (years) * n=47 n=50
Disease presentation at trial entry

Measurable soft-tissue disease 31 62 25 50

(+/- bone lesions)

Non-measurable soft-tissue 10 20 8 16

disease (+/-bone lesions)

Bone lesions only 9 18 17 34
Site of metastatic disease at trial entry**

Lung 8 16 8 16

Lymph node 33 66 27 54

Liver 7 14 8 16

Bone 46 92 47 94
CTC count at trial entry

CTC<5 17 34 12 24

CTC=5 33 66 38 76
PSA at trial entry (ng/ml) * 144.2 (60, 240.3) 245 (79.3, 591)
Prior lines of chemotherapy***

One 29 58 29 58

Two 21 42 21 42
Prior response to abiraterone? ***

No 17 34 16 32

Yes 33 66 34 68
PTEN Status

PTEN Normal 29 58 33 66

PTEN Loss 16 32 14 28

Unknown 5 10 3 6

* Presented as median (first Q1- third Q3 quartiles)

**Patients may have reported more than 1 lesion site

*** Balancing factors at randomisation; Response to abiraterone pre-defined in the protocol as 250%
PSA decline or RECIST 1.1 ORR
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Table 2. Antitumor activity (measured by composite response) by treatment group (evaluable population)

Enzalutamide/capivasertib

Enzalutamide/placebo

Difference %

N R %R 95%CI N R %R 95%ClI Diff 90%ClI p-value
Composite response 47 9 19.1 (91 33.3) | 48 9 18.8 (8.9 32.6) 0.4 (-12.8 13.6)| 0.58
RECIST 1.1 response 35 4 11.4 (3.2 26.7) | 37 5 13.56 (4.5 28.8) -2.1 (-14.9 10.7)
Confirmed PSA fall >=50% 38 7 18.4 (7.7 34.3) | 42 8 19.0 (86 34.1) -0.6 (-15.0 13.7)
Confirmed CTC conversion 29 2 6.9 (0.8 22.8) | 34 5 14.7 (5.0 31.1) -7.8 (-20.4 4.8)
RECIST 1.1 or PSA response 39 8 20.5 (9.3 36.5) | 43 8 186 (84 334) 1.9 (-12.5 16.3)| 0.52
Composite response by PTENc status
PTENhc Normal (N=62) 29 9 31.0 (153 50.8) | 33 8 242 (111 423) 6.8 (-11.9 25.5)| 0.38
PTENc Loss (N=26) 13 0 0.0 (0.0 24.7) | 13 1 7.7 (0.2 36.0) -7.7 (-19.8 4.5)| 0.50

N: number of patients
R: Number of responses

%R: Response Rate, 95%CI: 95% exact confidence interval for proportions; 90% CI: normal approximation for difference of proportions

P-value: 1-sided exact Fisher’s test
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Figures (Color should be used for all figures in print)

Figure 1: Consort diagram

Figure 2. Antitumor activity by allocated treatment group

Footnote for Fiqure 2:

a) Swimmer plot of time on treatment for each patient according to treatment group, indicating periods where
enzalutamide/capivasertib, patients received enzalutamide alone. Treatment periods of 26 months and =212 months are
highlighted. PSA=prostate-specific antigen. b) Percentage change from baseline in PSA at 12 weeks. c) Best percentage
change from baseline in CTC at any time during allocated treatment. d) Best percentage change from baseline in sum of target
lesions at any time during allocated treatment e) ) Kaplan Meier curve for radiographic progression-free survival by treatment
group. f) Kaplan Meier curve for overall survival by treatment group.

ENZ: enzalutamide, CAP: capivasertib, PLA: placebo

Figure 3. Exploring role of PTENiuc as prognostic or predictive marker

Footnote for Fiqure 3:

a) Radiographic Progression-Free Survival by PTENc status. b) Overall Survival by PTENc status. c¢) Radiographic
Progression-Free Survival by PTENc status and treatment group. d) Overall Survival by PTENyc status and treatment group.

ENZ: enzalutamide, CAP: capivasertib, PLA: placebo
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