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ABSTRACT

◥

Purpose: To report efﬁcacy and safety of samotolisib (LY3023414;
PI3K/mTOR dual kinase and DNA-dependent protein kinase
inhibitor) plus enzalutamide in patients with metastatic castration-resistant prostate cancer (mCRPC) following cancer progression on abiraterone.
Patients and Methods: In this double-blind, placebo-controlled
phase Ib/II study (NCT02407054), following a lead-in segment for
evaluating safety and pharmacokinetics of samotolisib and enzalutamide combination, patients with advanced castration-resistant
prostate cancer with progression on prior abiraterone were randomized to receive enzalutamide (160 mg daily)/samotolisib
(200 mg twice daily) or placebo. Primary endpoint was progression-free survival (PFS) assessed by Prostate Cancer Clinical Trials
Working Group criteria (PCWG2). Secondary and exploratory
endpoints included radiographic PFS (rPFS) and biomarkers,
respectively. Log-rank tests assessed treatment group differences.

Introduction
Prostate cancer is the most prevalent cancer among men in the
world (1). Although the majority of patients are diagnosed with
localized prostate cancer, about 6% of patients present with metastatic
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Results: Overall, 13 and 129 patients were enrolled in phase Ib
and II, respectively. Dose-limiting toxicity was not reported in
patients during phase Ib and mean samotolisib exposures
remained in the targeted range despite a 35% decrease when
administered with enzalutamide. In phase II, median PCWG2PFS and rPFS was signiﬁcantly longer in the samotolisib/enzalutamide versus placebo/enzalutamide arm (3.8 vs. 2.8 months;
P ¼ 0.003 and 10.2 vs. 5.5 months; P ¼ 0.03), respectively.
Patients without androgen receptor splice variant 7 showed a significant and clinically meaningful rPFS beneﬁt in the samotolisib/
enzalutamide versus placebo/enzalutamide arm (13.2 months vs.
5.3 months; P ¼ 0.03).
Conclusions: Samotolisib/enzalutamide has tolerable side effects
and signiﬁcantly improved PFS in patients with mCRPC with cancer
progression on abiraterone, and this may be enriched in patients
with PTEN intact and no androgen receptor splice variant 7.

disease with a 5-year survival rate of 29% (2). Androgen deprivation
therapy (ADT) via medical or surgical castration has been the
mainstay treatment for metastatic prostate cancer. However, prostate
cancer cells develop resistance to ADT and progress to castration
resistance, leading to poor prognosis and a median overall survival of
about 3 to 5 years (3–5). Standard-of-care for patients with metastatic
castration-resistant prostate cancer (mCRPC) has been abiraterone
or enzalutamide (6, 7). Although abiraterone and enzalutamide do
provide survival beneﬁt in some patients with mCRPC in the ﬁrst-line
setting, the majority of patients with prior exposure to abiraterone or
enzalutamide develop resistance to further androgen receptor targeting and have a poor prognosis with a hormonal therapy switch (8, 9).
Detection of the androgen receptor splice variant 7 (AR-v7) is
independently and strongly associated with resistance to enzalutamide and abiraterone in the second-line setting, with more aggressive
clinical features (6, 10, 11) thereby indicating an unmet need for
alternate therapy options. However, there is a minority who had a
durable beneﬁt with abiraterone who go on to have durable cancer
control with switching to enzalutamide after abiraterone (12).
The PI3K/protein kinase B/mTOR (PI3K/AKT/ mTOR) signaling
pathway is one of the most frequently activated pathways in solid and
hematologic malignancies (13–15). Preclinical studies have demonstrated a potential association between the PI3K/AKT/mTOR pathway
and androgen receptor (AR) signaling axes in prostate cancer cells
developing resistance to ADT (13, 16). A similar relationship was
demonstrated in breast cancer with the estrogen receptor pathway and
PI3K/AKT/mTOR pathway. In a phase III study of women with breast
cancer progression on an aromatase inhibitor, adding everolimus, an
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Translational Relevance
The PI3K/mTOR pathway and the DNA-dependent protein
kinase (DNA-PK) pathway have been implicated to play an
important role in numerous cancers, including prostate cancer.
This study investigated treatment with samotolisib (LY3023414), a
potent, dual PI3K/mTOR and DNA-PK inhibitor, plus enzalutamide versus placebo plus enzalutamide in patients with metastatic
castration-resistant prostate cancer (mCRPC) who had previously
progressed on abiraterone. Results indicated that the addition of
samotolisib to enzalutamide had acceptable tolerability and clinical
beneﬁt in some patients with mCRPC, particularly those who were
androgen receptor splice variant 7–negative. The primary and
exploratory biomarker results of samotolisib are promising and
add notably to the existing literature to guide future research in
mCRPC.

oral mTOR inhibitor to exemestane improved progression-free survival (PFS; ref. 17).
Several studies have shown promising results by inhibiting the
PI3K/AKT/mTOR pathway in combination with enzalutamide.
Inhibition of PI3K signaling with the dual PI3K/mTOR dual
inhibitor NVP-BEZ235 (dactolisib) plus enzalutamide caused
regression of tumors in mice with prostate-speciﬁc phosphatase
and tensin homolog (PTEN) loss and PTEN-deﬁcient human
prostate cancer xenografts (13). The AKT inhibitor AZD5363 in
combination with enzalutamide demonstrated similar synergistic
activity in another preclinical study of prostate cancer cell lines,
providing further support for combined targeting of AR and PI3K/
mTOR pathways (18); combined inhibition of AR and PI3K/mTOR
may result in improved beneﬁt with mCRPC (13). Alternatively, an
AKT inhibitor ipatasertib demonstrated antitumor activity in a
model with glucocorticoid receptor upregulation associated with
enzalutamide resistance (19); consequently, providing evidence of
positive beneﬁts of inhibiting the PI3K/AKT/mTOR pathway.
Furthermore, the phase II (20) and phase III (21) trials showed
improvement in radiographic PFS (rPFS) in patients with mCRPC
and tumors with PTEN loss when ipatasertib was combined with
abiraterone versus abiraterone alone. In addition, DNA-dependent
protein kinase (DNA-PK), a key DNA repair protein, is deregulated
in many cancers and promotes tumorigenesis. DNA-PK upregulation is associated with aggressive disease, resistance to therapy,
and poor outcomes (22). In prostate cancer, evidence suggests the
DNA-PK pathway contributes to prostate cancer progression and
metastases (23). Notably, the DNA-PK pathway interacts with AR
and works as a coregulator of AR in promoting double-strand break
repair. This evidence supports the use of DNA-PK inhibitor simultaneously with an AR-targeted therapy for treatment of mCRPC (23).
Samotolisib (LY3023414) is a potent dual inhibitor of PI3K/mTOR
and DNA-PK inhibitor with a potential of targeting mCRPC via 2
distinct pathways. Preclinically, samotolisib exhibits potent in vivo
efﬁcacy via intermittent target inhibition (24). The phase I study of this
novel inhibitor demonstrated a favorable safety proﬁle and singleagent activity in patients with advanced cancers (14). Here, we report
the results of a randomized, placebo-controlled phase Ib/II study of
samotolisib plus enzalutamide in patients with mCRPC with cancer
progression on prior abiraterone. In addition, exploratory biomarker
analyses were performed to evaluate the association of activity with
AR-v7 emergence or PTEN loss status.
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Patients and Methods
Study design
This multipart, phase Ib/II (NCT02407054) study investigated the
treatment of samotolisib plus enzalutamide versus placebo plus enzalutamide in patients with mCRPC with cancer progression on prior
abiraterone treatment (Fig. 1).
This study consisted of a nonrandomized, open-label lead-in phase;
phase Ib, where patients were given samotolisib monotherapy twice
daily during the initial week. Thereafter, patients received 200 mg of
samotolisib twice daily in combination with 160 mg of enzalutamide
once daily for a 28-day cycle. A safety internal monitoring committee
evaluated the safety and pharmacokinetics (PK) interactions of the
samotolisib and enzalutamide combination. The phase Ib part of the
study was designed to evaluate a minimum of 6 patients, determine the
recommended phase II dose of samotolisib in combination with
enzalutamide, and assess any dose limiting toxicity [DLT; an adverse
event (AE) related to the study drug that occurred with the ﬁrst cycle of
a 28-day treatment] before the double-blind, randomized, phase II
portion of the study.
Patients were randomized (1:1) to receive enzalutamide 160 mg
once daily plus 200 mg samotolisib or placebo twice daily on a 28-day
treatment cycle. Randomization was stratiﬁed by visceral disease status
and prior chemotherapy in the hormone-sensitive setting. Patients
were treated until disease progression, death, AEs, or if any other
withdrawal criteria were met.
The primary objective in the phase Ib part of the study was to assess
the safety, tolerability, and PK of samotolisib with or without enzalutamide. In the phase II, the primary objective was to compare PFS
measured by prostate-speciﬁc antigen (PSA) or radiographic or symptomatic progression per Prostate Cancer Clinical Trials Working
Group (PCWG2) criteria (25) between the two treatment arms. As
a coprimary, PFS deﬁned by PSA progression and rPFS were evaluated.
The secondary objectives included comparing overall response rates
(ORR) among patients who had measurable disease at baseline using
Response Evaluation criteria in Solid Tumors (RECIST) version
1.1 (26), time to clinical or PSA progression, and maximum decline
in PSA between the treatment arms. Exploratory analyses examined
blood AR-v7 and PTEN tumor status as potential biomarkers to
predict clinical efﬁcacy of samotolisib and disease progression.
Patients
Men ≥18 years of age with history of histologically and cytologically
conﬁrmed mCRPC with progression on prior abiraterone treatment,
underwent surgical or medical castration, had testosterone levels
<50 ng/dL, and an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0 or 1 were considered eligible for this study.
Patients required a minimum 6-week washout period for long-acting
agents including nilutamide and bicalutamide and a minimum 4-week
washout period for the short-acting agent ﬂutamide. Patients on prior
treatment for CRPC, known brain metastases, serious preexisting
conditions, and comorbidities such as seizure, hypertension, insulin-dependent diabetes mellitus, or acute or chronic leukemia were
excluded.
This study was conducted in accordance with the International
Conference on Harmonization requirements for Good Clinical
Practice and with the consensus ethics principles derived from the
International Ethics Guidelines outlined in the Declaration of
Helsinki and Council for International Organizations of Medical
Sciences (27). All patients provided written informed consent prior
to study enrollment.
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Phase 1b: Assess safety, tolerability,
and available PK data for PK interaction

Phase 2: Determine safety, efficacy, and PFS
1:1

Inclusion criteria:
Men aged ≥18 years
Histologically and cytologically
confirmed mCRPC
Progression on abiraterone
Surgically or medically castrated
Testosterone <50 ng/dL
ECOG PS 0/1
Minimum 6-week/4-week washout
periods for nilutamide, bicalutamide/
flutamide
Exclusion criteria:
Patients on treatment for CRPC, or with
known brain metastases

LY3023414 200
mg BID
monotherapy for 1
week
(n = 13)
LY3023414 200
mg + ENZ 160 mg
QD for 28 days
(n = 11)
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28-day treatment cycle

LY3023414 200 mg BID + ENZ
160 mg QD (n = 65)
Unl disease progression or death as per
PCWG

Placebo 200 mg BID + ENZ 160
mg QD (n = 64)

Post safety and PK
evaluation
(n = 129)

Primary endpoint:
PFS per PCWG criteria
Key secondary endpoints:
rPFS, overall RR per RECIST
v1.1, safety, PSA progression,
decline in PSA, and PK
Exploratory endpoints: rPFS
outcome by presence of AR-v7
and PTEN loss

Stratified by visceral disease status
and prior chemotherapy in
hormone-sensitive setting

Figure 1.
Study design: Figure describes the study design followed in the phase Ib and phase II part of the trial. BID, twice a day; ENZ, enzalutamide; mCRPC, metastatic
castration-resistant prostate cancer; n, number of patients; QD, every day; RR, response rate.

Study assessments
PK evaluation
PK blood samples for patients participating in phase Ib were taken
on the last day of the single-agent samotolisib week treatment (that is
1 day prior to ﬁrst combination treatment), on day 1 of the combination treatment, on day X (any day between day 15 and day 28), and
day Xþ1 (any day between days 16 and day 29) in cycle 1. Moreover,
PK samples were also collected on day 1 of cycle 2 and 3. Standard
noncompartmental PK analysis was performed using Phoenix 8.1
WinNonlin (Certara) to derive area under curve (AUC), maximum
observed concentration (Cmax), and other standard PK parameters
including apparent clearance (CL/F), volume of distribution (Vz/F),
and half-life (t1/2).
Efﬁcacy
All patients randomized in phase II comprised the full analysis set
(FAS). Progression-free survival by PCWG2 criteria (25), response to
treatment using the RECIST version 1.1 (26), and monthly PSA were
evaluated every 2 cycles for patients with bone disease. PSA levels were
evaluated monthly for the course of the study and were the primary
efﬁcacy endpoints for patients with no measurable disease at baseline.
PSA was collected on day 1 of each cycle and, if PSA progression
occurred, it was conﬁrmed at the next study visit, 4 weeks later. Tumor
response was assessed by CT scans or MRI according to RECIST
v1.1 (26) at screening, and thereafter every two cycles through followup visits. Lymph node and bone lesions were evaluated using PCWG2
criteria (25). For patients with progression based on PCWG2 and
RECIST v1.1 criterion, the earliest determined date of progression was
used to derive progression-based efﬁcacy outcomes.
Safety and tolerability
Safety and tolerability were assessed through clinical and laboratory
evaluations on days 1 and 15 of cycle 1 and on the ﬁrst day of each
subsequent cycle for the duration of the study. Adverse events were
graded according to the Common Terminology Criteria for Adverse
Events (CTCAE v.4.03). During the phase Ib part, related AEs occurring during the ﬁrst cycle were deﬁned as DLTs, if they met any of the
following criteria — grade 4 thrombocytopenia, neutropenia (≥7 days)
and grade 3 febrile neutropenia, grade ≥3 thrombocytopenia with
grade >2 hemorrhage, or grade ≥3 nonhematologic toxicity despite
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maximal medical management were considered a DLT. A treatment
delay of ≥14 days due to unresolved AE or any other clinically
signiﬁcant drug-related AE not responding to supportive care were
considered DLTs.
Exploratory biomarkers
AR-v7 splice variant status (positive or negative) was assessed in
baseline plasma exosome mRNA, by quantitative PCR (qPCR; ref. 14),
validated in the Clinical Diagnostics Laboratory (Eli Lilly and Company) prior to use.
To deﬁne the patient population with PTEN loss tumors in the
exploratory analyses, PTEN status was assessed by an IHC assay
performed on archival soft tumor tissues at Neogenomics, using a
validated assay. PTEN homolog protein expression was determined on
formalin-ﬁxed and parafﬁn-embedded sections using PTEN, Clone
6H2.1 (Dako). A qualiﬁed pathologist evaluated results according to
prespeciﬁed interpretation guideline: a negative PTEN specimen was
deﬁned as having <5% of cells that exhibited staining in nuclear and/or
cytoplasmic pattern at any intensity and a positive PTEN specimen as
having ≥5% of cells that exhibited staining in nuclear and/or cytoplasmic pattern at any intensity. The assay was not validated for bone
metastases due to the need for a decalciﬁcation step and only soft tissue
samples were used. The analysis was conducted prior to unblinding.
rPFS by PTEN status was examined.
Statistical analyses
A total of 92 PFS events were needed to have ≥80% power to test the
primary hypothesis using a one-sided log-rank test at the 0.2 significance level. All efﬁcacy analyses were conducted using the FAS,
whereas the sensitivity analyses were performed on the per protocol
analysis set (PPAS; patients on treatment without major protocol
deviations). Treatment group differences for the primary endpoint
were tested using unstratiﬁed log-rank tests. The stratiﬁed analysis was
performed as sensitivity analysis. The HR of the treatment effect was
calculated using Cox proportional hazards models, and median PFS
was estimated using the Kaplan–Meier method. Alternatively, treatment group differences for ORR, deﬁned as the best objective response
per RECIST v1.1 (26), were evaluated using x2 and Cochran–Mantel–
Haenszel test adjusted by stratiﬁcation factors. All statistical analyses
were conducted using SAS version 9.2 or higher in Unix.
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Data sharing statement
Lilly provides access to all individual participant data collected
during the trial, after anonymization, with the exception of pharmacokinetic or genetic data. Data are available to request 6 months after
the indication studied has been approved in the United States and
European Union and after primary publication acceptance, whichever
is later. No expiration date of data requests is currently set once data are
made available. Access is provided after a proposal has been approved
by an independent review committee identiﬁed for this purpose and
after receipt of a signed data sharing agreement. Data and documents,
including the study protocol, statistical analysis plan, clinical study
report, blank or annotated case report forms, will be provided in a
secure data sharing environment. For details on submitting a request,
see the instructions provided at www.vivli.org.

Results
A total of 142 patients were enrolled in the study and treated
between April 2015 and April 2020. Phase Ib consisted of 13 patients
and phase II enrolled 129 patients.
Patients and disease characteristics
Phase Ib
The median patient age was 77.0 years (range, 61–88 years) and
majority of the patients were white (84.6%). All 13 patients in this
phase had an ECOG PS of either 0 (53.8%) or 1 (46.2%). Of the 13
patients enrolled, 11 patients received samotolisib (200 mg twice daily)
monotherapy followed by samotolisib (200 mg twice daily) plus
enzalutamide (160 mg once daily) in phase Ib. The remaining 2
patients discontinued after samotolisib monotherapy due to physician
decision and withdrawal of patient consent, respectively. Withdrawal
of consent (53.8%), progressive disease (38.5%), and nonstudy treatment-related death (7.7%) were primary reasons for study discontinuation. The primary reason for samotolisib discontinuation was
withdrawal of consent (46.2%; Supplementary Fig. S1).
Phase II
For the overall population in phase II, the median age was 70.0
(45–91) years, and the majority of patients were white (83.7%) with an
ECOG score of either 0 (53.5%) or 1 (45.0%). Most patients had
adenocarcinoma (85.3%) with bone metastasis (93.0%). The median

time from initial diagnosis was 59.0 months (range, 4–287). Prior
docetaxel use for metastatic hormone-sensitive prostate cancer was
reported in 26.4% of patients and 20.2% had visceral disease (Table 1).
A total of 129 patients were randomized to samotolisib (200 mg twice
daily) plus enzalutamide (160 mg once daily) arm (n ¼ 65) and the
placebo plus enzalutamide (160 mg once daily) arm (n ¼ 64). Patients
in phase 2 discontinued the study (72.1%) and samotolisib (63.6%)
predominantly due to progressive disease (Supplementary Fig. S1).
PK
PK data showed an increase in samotolisib apparent clearance
and decrease in samotolisib AUC by 35% following concomitant
administration of samotolisib and enzalutamide compared with
samotolisib monotherapy administration. The reported AUC, Cmax,
and t1/2 of single-agent samotolisib were 3,230 ng/h/mL (59%),
1,020 ng/mL (55%), and 1.72 hours (27%), respectively. The PK
parameters AUC, Cmax, and t1/2 for samotolisib in the combination
of samotolisib and enzalutamide were 1,820 ng/h/mL (56%),
541 ng/mL (68%), and 2.07 hours (35%), respectively. These
exposures are in the efﬁcacious range, corresponding to average
PK proﬁle with samotolisib concentration above the EC50 (determined by the pharmacokinetic/pharmacodynamic model) for
approximately 8 to 9 hours per day (under twice-daily dosing).
Efﬁcacy
PFS
As of the data cutoff, a total of 46 (70.8%) patients in the samotolisib
plus enzalutamide arm compared with 56 (87.5%) patients in the
placebo plus enzalutamide arm had disease progression (radiographic,
symptomatic, or PSA) or death. Median PCWG-PFS in the samotolisib
plus enzalutamide arm was statistically signiﬁcantly longer compared
with the placebo plus enzalutamide arm [3.78 months vs. 2.83 months;
HR, 0.59; 95% conﬁdence interval (CI), 0.40–0.87; P ¼ 0.003; Fig. 2A].
This effect was consistent across subgroups evaluated. In the poststratiﬁed analysis based on presence of visceral disease and administration of prior chemotherapy in the hormone-sensitive setting, a
signiﬁcantly longer PFS was observed in the samotolisib plus enzalutamide arm compared with placebo plus enzalutamide (HR, 0.60; 95%
CI, 0.41–0.89; P ¼ 0.005).
Overall, 32 (49.2%) patients in the samotolisib plus enzalutamide
arm compared with 44 (68.8%) patients in the placebo plus enzalutamide

Table 1. Demographic and disease characteristics.

Parameters
Age in years, median (range)
Race, white
Time since initial diagnosis, median (range), months
ECOG PS, 0 / 1, n
Prior docetaxel for mHSPC
Visceral disease
Disease sites
Bone
Distant lymph nodes
Local/regional lymph nodes
Liver
Lung

Phase Ib
n ¼ 13

Samotolisib þ enzalutamide
n ¼ 65

Placebo þ enzalutamide
n ¼ 64

Total, phase II
N ¼ 129

77 (61–88)
11 (84.6)

69 (49–86)
53 (81.5)
57.5 (13–256)
34/30
17 (26.2)
12 (18.5)

71 (45–91)
55 (85.9)
67.1 (4–287)
39/25
17 (26.6)
14 (21.9)

70 (45–91)
108 (83.7)
59.0 (4–287)
69/58
34 (26.4)
26 (20.2)

59 (90.8)
19 (29.2)
18 (27.7)
5 (7.7)
7 (10.8)

61 (95.3)
14 (21.9)
17 (26.6)
4 (6.3)
8 (12.5)

120 (93.0)
33 (25.6)
35 (27.1)
9 (7.0)
15 (11.6)

7/6

Note: All values are represented in n (%), unless otherwise stated.
Abbreviations: mHSPC, metastatic hormone-sensitive prostate cancer; N, number of patients; n, number of patients per category.
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Figure 2.
PFS and rPFS of patients from phase II. A, The PFS of samotolisib þ enzalutamide arm versus placebo þ enzalutamide arm. B, The rPFS of samotolisib þ enzalutamide
arm versus placebo þ enzalutamide arm.
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arm had radiologic progression. Median rPFS was 10.2 months in the
samotolisib plus enzalutamide arm and 5.5 months in the placebo plus
enzalutamide arm (HR, 0.64; 95% CI, 0.41–1.01; P ¼ 0.03; Fig. 2B).
Symptomatic progression was observed in 27 (41.5%) patients in the
samotolisib plus enzalutamide arm and 29 (45.3%) patients in the
placebo plus enzalutamide arm. The median PFS was 8.74 months in
samotolisib plus enzalutamide arm and 9.82 months in the placebo
plus enzalutamide arm. PSA progression was observed in 33 (50.8%)
patients with median PFS of 5.06 months in the samotolisib plus
enzalutamide arm and in 42 (65.6%) patients with median PFS of
3.61 months in the placebo plus enzalutamide. No signiﬁcant difference in symptomatic and PSA progression was observed between the
arms.
Overall response
Among patients with measurable disease, 3 (4.6%) patients each in
both groups demonstrated partial response per RECIST v1.1. The
disease control rate per RECIST v1.1 was 80% in the samotolisib plus
enzalutamide arm and 84.3% in the placebo plus enzalutamide arm.
Among patients taking samotolisib, 13 (20.0%) patients had a 50%
decline in PSA compared with 16 (25.0%) patients in the placebo arm
(Fig. 3).
Safety
Phase Ib
All 13 patients had at least 1 drug-related AE. Ten (76.9%) patients
had CTCAE grade ≥3, of which 5 (38.5%) patients had drug related
CTCAE grade ≥3 AEs. Nausea (76.9%), fatigue (53.8%), and diarrhea
(53.8%) were commonly observed among patients. Severe AEs
occurred in 5 (38.5%) patients, 1 (7.7%) of which was related to the
study treatment. No DLTs were reported in the phase Ib portion of the
study.
A total of 6 patients (3 each for samotolisib and enzalutamide)
had dose reductions due to AEs. Dose interruptions were observed in
9 (69.2%) patients treated with samotolisib and 5 (38.5%) patients

treated with enzalutamide. The mean dose intensity for samotolisib
and enzalutamide was 348.8 mg/days and 138.4 mg/days, respectively.
Two patients discontinued study treatment due to an AE (Table 2).
On the basis of safety, tolerability, and PK of samotolisib monotherapy in the phase I trial (14) and the samotolisib plus enzalutamide
combination in this study, the samotolisib dose of 200 mg twice daily
was considered for the phase II part of the study.
Phase II
Overall, 127 (98.4%) patients experienced at least 1 AE across both
the samotolisib plus enzalutamide arm and placebo plus enzalutamide
arm, 88.4% of patients experienced at least 1 drug-related event and
29.5% experienced AEs with CTCAE grade ≥3. The most common
treatment-emergent AEs (TEAE) per system organ class were gastrointestinal disorders (81.7%), general disorders and administrative site
conditions (74.6%), and musculoskeletal and connective tissue disorders (57.0%). Fatigue (63.1%), diarrhea (61.5%), and nausea (58.5%)
were the most common AEs in the samotolisib plus enzalutamide arm,
whereas fatigue (56.3%), nausea (39.1%), and anemia (29.7%) were
commonly observed in the placebo plus enzalutamide arm. Serious
adverse events were observed in 19.4% of patients with 3.1% of patients
suffering from drug-related SAEs. Seventeen (13.2%) patients in both
treatment groups discontinued treatment due to AEs (Table 2). Seven
(5.4%) patients died within 30 days of treatment discontinuation. No
deaths in the samotolisib plus enzalutamide and 3 (2.3%) deaths in the
placebo plus enzalutamide arm due to AEs including 1 event each of
sepsis, anemia with atrial ﬁbrillation and elevated troponin I, and
intracranial hemorrhage were observed. The other 4 patients died due
to underlying disease. Notably, the prevalence of glucose events was
low. Grade 1 and grade 2 TEAEs of hyperglycemia occurred in 4 (6.2%)
patients and 2 (3.1%) patients in the samotolisib plus enzalutamide
arm and 5 (7.8%) patients and 1 (1.6%) patient in the placebo plus
enzalutamide arm, respectively. The average HbA1c level did not
increase over time in the experimental treatment arm (data not
shown).

Figure 3.
Waterfall plot of best prostate-speciﬁc antigen (PSA) response.
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Table 2. Safety proﬁle of patients in phase Ib and phase II.
Phase II

Total AEsa
Grade ≥3 AEs
Discontinuation due to AE
Serious AEs
Death
TEAEs, >15% of all patients, any grade
Fatigue
Nausea
Diarrhea
Decreased appetite
Anemia
Constipation

Phase Ib

Samotolisibþenzalutamide
n ¼ 65

Placeboþenzalutamide
n ¼ 64

13 (100.0)
10 (76.9)
2 (15.4)
5 (38.5)
0 (0.0)

64 (98.5)
35 (53.8)
13 (20.0)
13 (20.0)
0 (0.0)

63 (98.4)
33 (51.6)
4 (6.3)
12 (18.8)
3 (4.7)

7 (53.8)
10 (76.9)
7 (53.8)
5 (38.5)
2 (15.4)
2 (15.4)

41 (63.1)
38 (58.5)
40 (61.5)
20 (30.8)
12 (18.5)
11 (16.9)

36 (56.3)
25 (39.1)
10 (15.6)
14 (21.9)
19 (29.7)
12 (18.8)

Note: All values are represented in n (%), unless otherwise speciﬁed.
Abbreviation: n, number of patients in each category.
a
Total AEs could be drug-related or non–drug-related.

Exploratory biomarkers
Assessments of the AR-v7 variant were performed in 122 baseline
plasma samples using qualitative reporting. The prevalence of
AR-v7 per plasma exosome mRNA qPCR assay at baseline was
14%. A total of 9 (13.8%) and 8 (12.5%) patients in the samotolisib
plus enzalutamide and placebo plus enzalutamide arms, respectively, had AR-v7–positive results. Conversely, 51 (78.5%) patients in
the samotolisib plus enzalutamide arm and 54 (84.4%) patients in
the placebo plus enzalutamide arm had AR-v7–negative results.
Among patients with AR-v7 negative status, the median rPFS was
signiﬁcantly longer in the samotolisib plus enzalutamide arm
compared with the placebo arm (13.2 months vs. 5.3 months; HR,
0.52; 95% CI, 0.28–0.95; P ¼ 0.03; Fig. 4A). Among patients with
AR-v7–positive status, no signiﬁcant difference in the median rPFS
was observed between the samotolisib plus enzalutamide and
placebo plus enzalutamide arms (5.5 months vs. 3.6 months; HR,
0.99; 95% CI, 0.27–3.63; P ¼ 0.99; Fig. 4B).
Evaluation of PTEN status by IHC was carried out on 90 archival
soft tumor tissues collected from phase II patients. The average time
between collection of archival tissue samples and initiation of treatment was 4.6 years (≤1 year – >10 years; Supplementary Fig. S2) with
71 samples obtained from pre-ADT localized disease and 19 samples
from metastatic disease (Supplementary Table S1). Of the 90 patients
whose tissue samples were stained by IHC, 30 (33.3%) patients had
tumors with PTEN loss (n ¼ 23 primary and n ¼ 7 metastatic lesions),
of which 18 (27.7%) patients were in the samotolisib plus enzalutamide
and 12 (18.8%) were in the placebo plus enzalutamide arm. Among
patients with tumors with no PTEN loss, median rPFS was 13.2 months
in the samotolisib plus enzalutamide arm compared with 3.6 months
in the placebo plus enzalutamide arm (HR, 0.49; 95% CI, 0.22–1.08;
P ¼ 0.07; Fig. 5A). Among patients with PTEN loss, median rPFS was
7.2 months in the samotolisib plus enzalutamide arm compared with
4.5 months in the placebo plus enzalutamide arm (HR, 0.66; 95% CI,
0.25–1.72; P ¼ 0.40; Fig. 5B).

Discussion
This randomized placebo-controlled trial demonstrated that samotolisib could be combined with enzalutamide with an acceptable
toxicity proﬁle and a modest improvement in PFS (PSA, radiographic,
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and death) and rPFS (radiographic and death) in patients with mCRPC
with cancer progression on prior abiraterone treatment.
Samotolisib is a novel PI3k/mTOR inhibitor with intermittent
target inhibition leading to potent antitumor activity in vivo. A
potential advantage of the intermittent “quick-on/quick-off” inhibition is enhanced clinical tolerability and reduced resistance (14). An
assessment of the AE proﬁle and outcome by biomarker have further
provided insights into its clinical activity.
As enzalutamide is a CYP3A4 inducer and samotolisib a CYP3A4
substrate, the combination of samotolisib plus enzalutamide showed
an increase in apparent clearance and decrease in AUC compared with
monotherapy administration. Despite that decrease in samotolisib
exposure when administered in combination with enzalutamide, the
observed AUC, Cmax, and t1/2 of 20 mg twice daily were considered
within efﬁcacious range. As single-agent monotherapy in the phase I
part of the study, samotolisib PK parameters including AUC, Cmax, and
t1/2 were similar in this prostate cancer population compared with the
data reported in the phase I trial (14). Similar results were observed in a
phase II trial of buparlisib (28). The authors suggested that insufﬁcient
drug levels were observed when buparlisib was concurrently used with
enzalutamide, limiting the activity and consequently the efﬁcacy (28).
Another phase I study of capivasertib demonstrated a mean 40%
decrease in the concentration of capivasertib when administered with
enzalutamide (29). The mean state AUC of enzalutamide was consistent with reported data, thereby indicating that enzalutamide PK
was unaffected by the administration by samotolisib.
This study met its primary endpoint of PCGW2-PFS by demonstrating a longer PFS for samotolisib plus enzalutamide versus placebo
plus enzalutamide. Despite the small absolute differences in median
and the small sample size, the overall HR was statistically signiﬁcant.
Although this study was not powered a priori to assess the rPFS, the
primary endpoint was supported by a longer median rPFS in the
samotolisib plus enzalutamide arm. The initial decision to use the
composite endpoint with PSA as part of the analysis was made to
expedite the readout of efﬁcacy phase II screening study, we would not
recommend this for future studies.
A clinically meaningful delay in rPFS in patients with AR-v7–
negative status was observed in this study. Interestingly, treatment
effects with improved rPFS were observed without changes to the PSA
levels. This would suggest PSA-based metrics to assess efﬁcacy of
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Figure 4.
rPFS by AR-v7 status. A, The PFS of samotolisib þ enzalutamide arm versus placebo þ enzalutamide arm in patients
without AR-v7. B, The PFS of samotolisib þ enzalutamide
arm versus placebo þ enzalutamide arm in patients with
AR-v7.

potent AR inhibition in mCRPC post-abiraterone setting should not be
used as a sole metric. The exploratory biomarker suggests that
samotolisib plus enzalutamide combination was more effective than
placebo plus enzalutamide in patients who were negative for AR-v7, a
disease setting when second-line hormonal therapy is more likely to
have activity (6). Moreover, it appeared patients with no PTEN loss
treated with samotolisib plus enzalutamide compared with the patients
treated with placebo plus enzalutamide group also had a delay in
progression as measured by rPFS. In contrast, a phase II study of
abiraterone plus ipatasertib and a follow-up randomized phase III
study demonstrated an improved rPFS versus abiraterone plus placebo
in patients with tumors with PTEN loss as assessed by IHC (20, 21).
The discordance in these results could be due to the age of available
archival tissue samples (which might underrepresent the actual biol-
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ogy of the patient at the time of collection), tumor heterogeneity
(which is exacerbated by obtaining a biopsy from only one site) and
small sample size. The latter was due to the assay only being validated
for soft tissue (primary or metastatic disease) and does not represent
bone metastases. Unlike the ipatasertib data where the beneﬁt is
enriched in patients with PTEN loss (20, 30), it is notable that
samotolisib also has activity via DNA-PK inhibition and this may
account for the beneﬁt seen in patients with PTEN intact. Moreover,
the data strongly suggests that the samotolisib does not overcome the
resistance associated with AR-v7.
The ﬁndings of the samotolisib plus enzalutamide combination is of
particular interest as the median rPFS of 10.2 months in the samotolisib plus enzalutamide arm compares favorably with the observations from the CARD trial. Speciﬁcally, the hormone switch arm of
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Figure 5.
rPFS by PTEN (IHC) assay. A, The PFS of samotolisib þ
enzalutamide arm versus placebo þ enzalutamide arm in
patients with PTEN loss. B, The PFS of samotolisib þ
enzalutamide arm versus placebo þ enzalutamide arm in
patients without PTEN loss.

abiraterone or enzalutamide after the other hormonal agent plus
docetaxel had a median rPFS of 3.7 months, which approximates the
5.5 months in the placebo plus enzalutamide arm of this study (8).
The safety proﬁle of samotolisib plus enzalutamide is consistent
with previous reports for samotolisib and enzalutamide as single
agents (14, 31). As demonstrated by a similar dose intensity of
enzalutamide in both the treatment and placebo arms, dosing of
enzalutamide was not impacted by administration of samotolisib.
Hyperglycemia is a known class effect of PI3K inhibitors (32); however,
similar to the phase I study of samotolisib (14), infrequent and mild
cases of hyperglycemia were observed in this trial. Treatment emergent
adverse events of hyperglycemia did not differ by study arm, hypothetically due to the short half-life of samotolisib and the ability to
intermittently target PI3K, unlike other PI3K inhibitors (14). It is also
possible that we are not seeing a pronounced glucose effect while seeing
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some clinical activity because samotolisib is also working through
the DNA-PK pathway and not solely PI3K pathway (24). Similarly,
another commonly observed AE, mucositis (14, 33), was not
observed frequently in patients treated with samotolisib. The
absence of DLTs supported the further development of samotolisib
twice daily as a potential inhibitor of multiple cancer promoting
pathways. Enzalutamide has strong clinical drug-drug interactions
potential as a CY3A4 inducer, which may diminish the efﬁcacy of
medications given concurrently (34). However, samotolisib was able
to maintain clinically relevant exposure in combination with enzalutamide. More research is needed to determine the potential
mechanisms underlying this ﬁnding.
Some limitations to this study should be considered when interpreting these results. This study did not preselect patients based on
pathway-relevant biomarkers. Survival data post protocol therapy was
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not collected, and thus there is no overall survival data at this time. It
should also be noted the biomarker work is exploratory and needs to be
conﬁrmed in future studies.

Conclusions
The combination of samotolisib with enzalutamide signiﬁcantly
improved PFS in patients with mCRPC with cancer progression on
abiraterone. In addition, the rPFS beneﬁt with the combination
appeared to be most pronounced in patients with negative AR-v7
status, indicating that samotolisib may enhance the activity of enzalutamide in the post-abiraterone setting especially when the disease is
likely to still have some reliance on AR signaling and greater chance of
beneﬁt from the hormone switch strategy. Moreover, the ﬁndings of
this study suggested that enhancing the activity of potent direct AR
inhibition in mCRPC post-abiraterone along with inhibition of compensatory oncogenic pathways might be more effective in patients
likely to respond to AR inhibition. However, other strategies to
overcome resistance mechanisms associated with the presence ARv7 may be required for patients who have a more cell-autonomous
disease.
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