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Article info Abstract

Article history: Background and objective: In the phase 3 IPATential150 trial, ipatasertib addition to abi-

Accepted December 19, 2024 raterone significantly reduced the risk of disease progression in men with metastatic
castration-resistant prostate cancer (mCRPC) with PTEN loss on immunohistochemistry

Associate Editor: (IHC), but not in the intention-to-treat (ITT) population. Here we report the final overall

Gianluca Giannarini, MD survival (OS) analysis and present results for prespecified and exploratory biomarker
analyses.

Keywords: Methods: Patients were randomized to receive ipatasertib (400 mg once daily) or pla-

Ipatasertib cebo. All patients received abiraterone (1000 mg once daily) and prednisone (5 mg twice

PTEN daily). OS was assessed in patients with PTEN loss on IHC and the ITT population.

Prostate cancer Exploratory biomarker analyses included PTEN status via next-generation sequencing

(NGS) and other key genomic alterations.

Key findings and limitations: At final analysis (median follow-up 33.9 mo), ipatasertib
addition did not improve OS for patients with PTEN loss in IHC (n = 521; stratified hazard
ratio [sHR] 0.94, 95% confidence interval [CI] 0.76-1.17; p = 0.57) or the ITT population
(n =1101; sHR 0.91, 95% CI 0.79-1.07; not formally tested). Exploratory NGS assess-
ments identified subgroups with genomic PTEN loss (n = 208) or PIK3CA/AKT1/PTEN alter-
ations (n = 250), with potentially better outcomes from ipatasertib (HR 0.76, 95% CI
0.54-1.07; and HR 0.70, 95% CI 0.51-0.96, respectively). Limitations include the

t These authors contributed equally to this work.

t These authors contributed equally to this work.

" Corresponding author. South Australian Immunogenomics Cancer Institute, University of Adelaide,
Adelaide, South Australia 5005, Australia. Tel. +61 8 83139595.

E-mail address: christopher.sweeney@adelaide.edu.au (C. Sweeney).

https://doi.org/10.1016/j.eururo.2024.12.015 R
0302-2838/© 2025 The Authors. Published by Elsevier B.V. on behalf of European Association of Urology. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/). o

updates

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.eururo.2024.12.015
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2024.12.015&domain=pdf
mailto:christopher.sweeney@adelaide.edu.au
https://doi.org/10.1016/j.eururo.2024.12.015
https://doi.org/10.1016/j.eururo.2024.12.015

EUROPEAN UROLOGY 87 (2025) 672-682 673

exploratory nature of the analysis, incomplete availability of NGS data, and potential
intrapatient heterogeneity.
Conclusions and clinical implications: Ipatasertib addition to abiraterone did not improve
OS for men with mCRPC, regardless of PTEN status on IHC. Exploratory biomarker anal-
yses identified additional genomic alterations of potential clinical relevance for AKT
blockade in mCRPC that require further validation in prospective studies.
© 2025 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

ADVANCING PRACTICE

What does this study add?

Addition of the AKT inhibitor ipatasertib to abiraterone and prednisone did not significantly improve overall survival for
patients with previously untreated metastatic castration-resistant prostate cancer (mCRPC) with or without tumor PTEN
loss as determined by immunohistochemistry. Exploratory next-generation sequencing assessments identified subgroups
of patients with genomic PTEN loss and alterations in the PIK3CA/AKT1/PTEN pathway that could benefit from AKT inhi-
bition. Differences in patient populations identified as having PTEN loss using different assays were observed, including
varying PTEN mRNA expression levels and transcriptional profiles. In addition, exploratory biomarker analyses identified
other genomic alterations beyond the PIK3CA/AKT1/PTEN pathway potentially associated with outcomes with ipatasertib.
These exploratory analyses offer important insights into a better understanding of the regulation of AKT signaling and
disease biology in mCRPC and may offer guidance for biomarker selection in future clinical trials assessing agents target-
ing this pathway.

Clinical Relevance

Advancing targeted therapies for prostate cancer necessitates comprehensive biomarker evaluations, ideally conducted in
rigorously designed prospective studies. The IPATential150 trial previously demonstrated that patients with mCRPC who
had tumors with PTEN loss by immunohistochemistry experienced improved radiographic progression-free survival with
the addition of the AKT inhibitor ipatasertib to abiraterone compared with placebo plus abiraterone. However, in the final
overall survival analysis, the addition of ipatasertib to abiraterone did not result in a survival benefit. Interestingly,
exploratory analyses suggest that PTEN loss identified via next-generation sequencing, along with other genomic alter-
ations in related pathways, may correlate with responses to AKT inhibitors in mCRPC. While these findings are
hypothesis-generating, they lay the groundwork for future targeted trials aimed at advancing precision medicine for
patients with mCRPC. Associate Editor: Gianluca Giannarini, MD.

Patient Summary

In this report we looked at whether adding ipatasertib to abiraterone and prednisone affected survival for men with meta-
static prostate cancer that no longer responds to hormone therapy castration. The addition of ipatasertib did not improve
survival. However, mutation analysis identified potential biomarkers that can inform the design of future clinical studies
using this class of drug for the treatment of prostate cancer.

1. Introduction the tumor suppressor PTEN, which negatively regulates
the AKT pathway [9]. Loss of PTEN function is observed in
40-50% of patients with mCRPC and is associated with
poorer clinical outcomes [10-12]. Multiple factors can lead

to loss of PTEN function, including genomic deletions and

Men with metastatic castration-resistant prostate cancer
(mCRPC) have a median life expectancy of <3 yr [1-3].
Despite the availability of many classes of treatment for

mCRPC, patients almost inevitably develop life-threatening,
treatment-resistant disease [4]. mCRPC is a genomically
heterogeneous disease, explaining much of the development
of resistance to cancer therapy and difficulties in treating it
[5-7]. This highlights the need for targeted therapies and
biomarkers to guide treatment choices in mCRPC [8].

The AKT signaling cascade is upregulated in up to 50% of
prostate cancers, which can occur because of a range of
genomic alterations, most commonly loss of function of

rearrangements, and nongenomic aberrations such as
microRNA-mediated dysregulation and promoter methyla-
tion [10,13-15]. Detection of gene deletion via fluorescence
in situ hybridization and evaluation of protein loss via
immunohistochemistry (IHC) have been the predominant
ways for detecting PTEN loss, each with their own benefits
and limitations [10,16]. Despite technical differences, the
two assays have demonstrated good concordance of up to
80%, although defining the optimal cutoff for PTEN loss
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remains challenging [13,17-19]. In addition, next-
generation sequencing (NGS) assessment of PTEN status
has shown good concordance with these methods in clinical
studies [17,18,20]. No specific assay class developed to
detect genomic or protein aberrations will identify all
patients with functional PTEN loss and assays are not
expected to be fully concordant; therefore the optimal assay
for detecting loss of PTEN function is not yet determined.
Ipatasertib is a selective, ATP-competitive, small-
molecule inhibitor of all three isoforms of AKT that led to
improvements in clinical outcomes in biomarker-selected
subgroups of men with mCRPC, with a manageable safety
profile [17,18,21-24]. In IPATential150, addition of ipataser-
tib to abiraterone improved radiographic progression-free
survival (rPFS) in patients with PTEN loss on IHC (hazard
ratio [HR] 0.77, 95% confidence interval [CI] 0.61-0.98;
p = 0.034), but not in the intention-to-treat (ITT) population.
Here we report the final overall survival (OS) analysis of
the IPATential150 study and present results for prespecified
and exploratory biomarker analyses, including the impact
on clinical outcomes of PTEN status assessed via different
assays, and genomic alterations in key molecular pathways.

2. Patients and methods

2.1. Study design and patients

IPATential150 (ClinicalTrials.gov NCT03072238) was a ran-
domized, double-blind, phase 3 trial of ipatasertib plus abi-
raterone versus placebo plus abiraterone as first-line
treatment for mCRPC. The study design was previously
described [18] (Supplementary material).

The co-primary endpoints were investigator-assessed
rPFS in the ITT population and for patients with PTEN loss
on IHC. OS was a key secondary endpoint. Additional sec-
ondary endpoints included the objective response rate
according to Response Evaluation Criteria in Solid Tumors
v1.1 and Prostate Cancer Working Group 3 criteria, and
the time to prostate-specific antigen (PSA) progression
according to Prostate Cancer Working Group 3 criteria.

The study protocol was approved by the relevant institu-
tional review boards or ethics committees at each site.
Written informed consent was obtained from all enrolled
patients. The clinical trial was performed in accordance
with the Declaration of Helsinki.

2.2. Assays

Tumor PTEN status via IHC was centrally assessed using a
VENTANA PTEN SP218 assay (Ventana Medical Systems,
Oro Valley, AZ, USA). PTEN loss on IHC was defined as no
detectable PTEN staining in >50% of the tumor area in a
specimen [18]. NGS for detection of PTEN status and other
genomic alterations was performed using a FoundationOne
CDx NGS assay (Foundation Medicine, Cambridge, MA, USA)
[18]. mRNA levels for transcriptional analysis were assessed
in 100 ng of tissue from formalin-fixed, paraffin-embedded
(FFPE) samples using TruSeq RNA Access (Illumina, San
Diego, CA, USA). Genetic pathway analysis was performed
by grouping pathway components as described in Supple-
mentary Table 1.

2.3. Gene set enrichment analysis

Pathway scores were calculated using the single-sample
gene set enrichment analysis method [25]. The hallmark
gene set collections are from the Molecular Signature data-
base [26]; additional gene sets used for downstream analy-
sis can be found in Supplementary Table 2.

24. Statistical analysis

R v4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria) was used for statistical analysis. The final OS anal-
yses for patients with PTEN loss on IHC and the ITT popula-
tion were conducted using SAS v9.4 and were prespecified
and o controlled. All other analyses were exploratory. Sur-
vival curves were estimated using the Kaplan-Meier
method, as previously described [18]. Stratified hazard
ratios (sHRs) and 95% confidence intervals (CIs) were esti-
mated using Cox proportional-hazards models. Unstratified
HRs are reported for analyses other than ITT and PTEN loss
on [HC.

3. Results

The IPATential150 study enrolled 1101 patients, of whom
547 were randomized to ipatasertib + abiraterone and 554
to placebo + abiraterone. Baseline characteristics were gen-
erally balanced between the treatment arms (Supplemen-
tary Table 3). The representativeness of the study
participants is assessed in Supplementary Table 4. Among
the enrolled patients, 743 had an NGS assay result, 582
had an RNA sequencing result, and 453 had results for both
assays (Supplementary Fig. 1A). OS and rPFS results were
consistent between the patient populations defined by
assay data availability (Supplementary Fig. 1B-D). The
prognostic effect of PTEN loss on IHC was assessed in the
placebo arm for rPFS (HR 0.81, 95% CI 0.65-1.02) and OS
(HR 0.89, 95% CI 0.72-1.10; Supplementary Fig. 2A). For
PTEN loss on NGS, the HR was 0.73 (95% CI, 0.53-1.01) for
rPFS and 0.78 (95% CI 0.58-1.06) for OS (Supplementary
Fig. 2B). These results are consistent with the known prog-
nostic impact of PTEN loss in mCRPC [11,27].

3.1. Final OS results

At data cutoff (December 31, 2022) for this final OS analysis,
median follow-up for the ITT population was 33.9 mo.
Among those with PTEN loss on IHC, 158 patients in the ipa-
tasertib + abiraterone arm and 170 in the placebo + abi-
raterone arm had died, with median OS of 36.8 mo (95%
Cl 31.4-42.1) and 35.8 mo (95% CI 30.8-39.6), respectively
(Fig. 1A). In the ITT population, 318 patients in the ipataser-
tib + abiraterone arm and 351 in the placebo + abiraterone
arm had died, with median OS of 39.4 mo (95% CI 36.5-
42.9) and 36.5 mo (95% CI 33.9-39.4), respectively. Addition
of ipatasertib to abiraterone did not result in a statistically
significant OS benefit for patients with PTEN loss on IHC
(sHR 0.94, 95% CI 0.76-1.17; p = 0.57; Fig. 1A). Owing to
the statistical testing hierarchy, final OS in the ITT popula-
tion could not be formally tested (sHR 0.91, 95% CI 0.78-
1.06; Fig. 1B).

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



EUROPEAN UROLOGY 87 (2025) 672-682

675

Events Patients Median OS,

mo (95% CI) stratified

HR (95% Cl), p value

Pbo+Abi 170 261 35.8 (30.8-39.6) :
lpat+Abi 158 260  36.8 (31.4—42.1) 0-94 (0.76-1.17) 0.57

PTEN loss by IHC
100%

75%1

50% 1

Overall survival

25% 1

=+~ Pbo+Abi "

-+ Ipat+Abi "
0% 1 "

0 6 12 18 24 30 36 42 48 54 60 66
Time (mo)

Number at risk

= 261 244 225191 161133112 96 78 35 10 1
= | 260 231 208 186 160 137 119100 75 36 8 O

Events Patients Median OS,
mo (95% ClI)
Pbo+Abi 72 103 29.8 (25.5-37.0)

Ipat+Abi 58 105  36.8 (30.7-52.2)
PTEN loss by NGS

HR (95% Cl),
non stratified

0.76 (0.54-1.07)

100% 1

75%1

50% {

Overall survival

25% 1
=+ Pbo+Abi
-+ Ipat+Abi

0%1

12 18 24 30 36 42 48 54 60 66
Time (mo)

0 6

Number at risk

= 1103 95 86 72 58 46 39 31 28 14 6 O
= 105 89 80 73 63 54 46 39 34 12 1 O

B

Events Patients Median OS, HR (95% Cl),

mo (95% CI) stratified

365 (33.9-39.4) -
30.4 (36.5-42.9) 0-91 (0-79-1.07)

Pbo+Abi 351 554
Ipat+Abi 318 547

ITT
100% 1
—  75%
®©
=
2
=
L B50%q ---------m-------
a : 1
a>5 [}
O 5% .
—+ Pbo+Abi
=+ Ipat+Abi 1o
00/0' ' '
0 6 12 18 24 30 36 42 48 54 60 66
Time (mo)
Number at risk
= |554 520 478 413 350 294 248 213 167 79 26 1
== | 547 500 449 394 344 302 265222 181 88 22 0
Events Patients Median OS, HR (95% ClI),
mo (95% CI) non stratified
Pbo+Abi 89 122 29.2 (24.9-36.7)
Ipat+Abi 70 128 37.1 (31.4-52.2) 070 (0.51-0.96)
PIK3CA/AKT1/PTEN-altered by NGS
100% 1
5 75%1
=
2
3
L 50%{ -------------=
= :
) '
> 1 1
O 259 A
—+ Pbo+Abi Lo
-+ Ipat+Abi ! !
00/0_ 1 1
0 6 12 18 24 30 36 42 48 54 60 66

Time (mo)
Number at risk

=— 1122113101 87 69 54 46 37 30 15 6 O
= 128110 98 88 76 67 57 50 44 17 1 O

Fig. 1 - OS with ipatasertib + abiraterone versus placebo + abiraterone in IPATential150. Kaplan-Meier curves are shown for (A) the group with PTEN loss on
IHC, (B) the ITT population, (C) the group with PTEN loss on NGS, and (D) the group with PIK3CA/AKT1/PTEN alterations on NGS. Abi = abiraterone; CI =
confidence interval; HR = hazard ratio; IHC = immunohistochemistry; Ipat = ipatasertib; ITT = intention to treat; NGS = next-generation sequencing; Pbo =

placebo; OS = overall survival.

3.2. Exploratory PTEN analyses

PTEN loss on NGS was defined as homozygous deletion,
heterozygous deletion, mutation in combination with loss
of heterozygosity, or dominant-negative mutation, as previ-
ously described [18]. Among patients with an NGS result in
this study, 70% (518/743) were evaluable for PTEN status.
In the group with PTEN loss on NGS, 58 in the ipatasertib
+ abiraterone arm and 72 in the placebo + abiraterone arm
had died (Fig. 1C), with median OS of 36.8 mo (95% CI 30.7-
52.2) and 29.8 mo (95% CI 25.5-37.0), respectively (HR 0.76,

95% CI 0.54-1.07). A larger numerical trend for OS benefit
was observed when the analysis was expanded to include
patients with PIK3CA/AKT1/PTEN alterations on NGS
(Fig. 1D). In this combined subgroup, 70 patients in the ipa-
tasertib + abiraterone arm and 89 in the placebo + abi-
raterone arm had died, with median OS of 37.1 mo (95%
Cl 31.4-52.2) and 29.2 mo (95% CI 24.9-36.7), respectively
(HR 0.70, 95% CI, 0.51-0.96). The OS results for these
biomarker-selected subgroups are consistent with the clin-
ical rPFS benefit reported for these populations [18].

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



676

EUROPEAN UROLOGY 87 (2025) 672-682

Among the 1101 patients in the study, the evaluability of
PTEN status on NGS was consistent across the different sub-
groups, with different percentages of viable tumor cells
with cytoplasmic IHC = 0 (VTCTINTO) scores (Fig. 2A). Con-
cordance between PTEN loss on IHC (defined as a VTCTINTO
score <50) and PTEN loss on NGS was 86% (443/518). Among
the patients classified as having PTEN loss on IHC, 77%
(190/247) had PTEN loss on NGS; among the patients with
PTEN loss on NGS, 91% (190/208) had PTEN loss on IHC
(Fig. 2A, bottom). There were trends for higher HR values
for rPFS and OS for patients with unknown PTEN status on
NGS than for patients who had NGS samples evaluable for
PTEN status (Supplementary Fig. 3A,B), suggesting an imbal-
ance in these populations and highlighting the importance
of developing more robust and facile NGS-based methods
for PTEN assessment.

PTEN mRNA levels were lowest in tumor samples with
PTEN loss on both IHC and NGS, while higher PTEN mRNA
levels were observed in samples with PTEN wildtype status
or discordant assay results (Supplementary Fig. 3C). A
detailed concordance analysis of PTEN status on IHC and
NGS (including type of PTEN loss) and PIK3CA/AKT1 alter-
ation status is shown in Fig. 2B.

A trend towards better rPFS and OS with addition of ipa-
tasertib was still observed for the 18 patients with intact
PTEN according to IHC but PTEN loss on NGS (Supplemen-
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tary Fig. 3D). Among these 18 samples, PTEN loss on NGS
was because of heterozygous deletion (n = 7), dominant-
negative mutation (n = 5), homozygous deletion (n = 4), or
mutation classified as loss of heterozygosity (n = 2). How-
ever, it is worth noting that different slides were used for
IHC and NGS assays without microdissection; therefore,
intratumor heterogeneity may have contributed to this dis-
cordance in PTEN status between assays. A transcription
profile analysis by PTEN assay concordance status is shown
in Fig. 2C.

3.3. Genomic alteration analyses

The most frequent single genomic alterations identified in
the archival tumor samples were in TMPRSS2 (31%), TP53
(30%), and PTEN (28%); other mutations identified in >5%
of samples were in SPOP, RAD21, BRCA2, PIK3CA, APC, MYC,
ATM, and CDK12 (Fig. 3A). The frequency of these mutations
by ancestry is shown in Supplementary Fig. 4A. Genomic
alterations in TP53 and TMPRSS2 tended to be enriched in
tumors with PTEN loss on either IHC or NGS (both
p < 0.001), while associations of PTEN loss with alterations
in SPOP (p < 0.01) and CDK12 (p < 0.001) showed strong
exclusivity for the assay used (Fig. 3B).

An ad hoc analysis of rPFS and OS by TMPRSS2, TP53, and
SPOP status is shown in Fig. 3C-H. In both treatment arms,
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Fig. 3 - Genetic landscape of the patient population and subgroup analysis for the most frequent single genetic alterations. (A) Frequency and co-occurrence
of genomic alterations by type and (B) concordance of alterations. Kaplan-Meier estimates of radiographic PFS and OS for samples with or without (C,D)
TMPRSS2, (E,F) TP53, or (G,H) SPOP mutations. AMP = amplification; DEL = deletion; IHC = immn i
overall survival; PFS = progression-free survival; RA = rearrangement; rPFS = radiographic progression-free survival; SV = short variant; TMB = tumor
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patients with TP53 alterations tended to have shorter rPFS
and OS in comparison to those with wildtype TP53
(Fig. 3E,F), while the inverse relationship was observed
between those with and without SPOP alterations (Fig. 3G,
H). Among patients with TMPRSS2 alterations, median OS
was 42.9 mo (95% CI 36.3-not available) in the ipatasertib
+ abiraterone arm and 30.8 mo (95% CI, 25.8-37.3) in the
placebo + abiraterone arm (Fig. 3C,D and Supplementary
Fig. 4B); median rPFS was 19.3 mo (95% CI 16.4-not avail-
able) and 16.5 mo (95% CI, 12.1-22.1), respectively. It has

been reported that TMPRSS2:ERG fusion cooperates with
PI3K-AKT signaling to drive prostate cancer progression
[28,29]. It is therefore possible that tumor cells with
TMPRSS2:ERG fusion might have higher dependence on
PI3K-AKT signaling; this hypothesis requires biological
and clinical validation.

Further analyses examining different TP53 mutation
types, including dominant-negative mutation (defined as
mutants that reduce the transactivation activity of wildtype
TP53 according to the World Health Organization database),
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truncation, homozygous deletion, and other missense
mutations are shown in Supplementary Fig. 4C.

To evaluate the clinical impact of additional rare geno-
mic alterations, genes were grouped into specific pathways
according to their known biological activities (Supplemen-
tary Table 1). The pathways most frequently altered were

A

PIK3CA/AKT1/PTEN (34%) and TP53 (31%). Pathways altered
in >10% of samples included the homologous recombina-
tion repair, cell cycle, and Wnt canonical pathways
(Fig. 4A). An rPFS benefit from ipatasertib was not observed
for patients with an alteration in the Wnt pathway, in con-
trast to those without an alteration; a similar trend was
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Fig. 4 - Pooling of less frequent mutations into alterations in key genetic pathways for subgroup analysis of the impact of ipatasertib plus abiraterone. (A)
Frequency and co-occurrence of pathway alterations. Kaplan-Meier estimates of radiographic PFS and OS by (B) pathway alteration status and (C,D) RTK
pathways alteration status. Abi = abiraterone; CI = confidence interval; HR = hazard ratio; IHC = immunohistochemistry; Ipat = ipatasertib; ITT = intention to
treat; NA = not available; NGS = next-generation sequencing; Pbo = placebo; PFS = progression-free survival; RTK = receptor tyrosine kinase; OS = overall

survival. Bars represent the 95% confidence interval.
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observed for OS (Fig. 4B). Of importance, better rPFS and OS
with ipatasertib were observed for patients with PIK3CA/
AKT1/PTEN alterations and receptor tyrosine kinase (RTK)
pathway alterations (Fig. 4B). Among patients with RTK
pathways alterations (n = 46), improvements in rPFS (HR
0.37, 95% CI, 0.17-0.82; Fig. 4C) and OS (HR 0.38, 95% CI
0.18-0.84; Fig. 4D) were observed for addition of ipatasertib
to abiraterone. No benefit from ipatasertib was observed for
patients without RTK pathways alterations (n=697), with
HR of 0.83 (95% CI 0.68-1.02) for rPFS and 0.93 (95% CI
0.77-1.12) for OS (Fig. 4B).

34. Prognostic biomarker analysis by gene signature

Although transcriptome data collected from archival sam-
ples may not faithfully capture the disease state of mCRPC,
it has been demonstrated that baseline transcriptome anal-
yses can capture relevant disease biology and identify key
pathways associated with prognosis in prostate cancer
[30]. To evaluate the impact of key biological pathways at
baseline on disease progression of mCRPC, we calculated
gene signature scores for selected pathways, including
luminal and basal subtypes, neuroendocrine prostate can-
cer, Wnt signaling, DNA damage response, and MYC activity,
and took the top and bottom quartiles as high and low
groups, respectively. High baseline cell-cycle, DDR, and
MYC target activity were the top features associated with

poor prognosis (Fig. 5), which was validated using The Can-
cer Genome Atlas prostate adenocarcinoma data (Supple-
mentary Fig. 5). These findings recapitulate the
significance of DDR and MYC biology in disease progression
in prostate cancer [31,32].

4. Discussion

This final analysis of the IPATential150 trial reveals that
addition of ipatasertib to abiraterone did not lead to a sta-
tistically significant improvement in OS for patients with
previously untreated mCRPC in both the subgroup with
PTEN loss on IHC and the ITT population. As IPATential150
represents one of the largest biomarker studies in men with
mCRPC, a detailed biomarker analysis of the study was
undertaken to gain a better understanding of prostate can-
cer biology and to potentially identify a subpopulation of
patients who might benefit from treatment with ipatasertib.
This analysis further demonstrates the molecular hetero-
geneity of prostate cancer and identified potentially action-
able targets, including PTEN loss, TMPRSS2 rearrangement,
and RTK pathway alterations.

The primary analysis revealed a numerically greater
effect of ipatasertib on PFS for patients with genomic PTEN
loss (HR 0.65, 95% CI 0.45-0.95) or PIK3CA/AK1/PTEN alter-
ations according to NGS (HR 0.63, 95% CI 0.44-0.88) in com-
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Fig. 5 - Prognostic biomarker analysis. Abi = abiraterone; HR = hazard ratio; Ipat = ipatasertib; OS = overall survival; Pbo = placebo; rPFS = radiographic

progression-free survival. Bars represent the 95% confidence interval.
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parison to PTEN loss on IHC (HR 0.77, 95% CI 0.61-0.98)
[18]. A potential explanation is that despite the level of con-
cordance between the IHC and NGS PTEN assays, there were
differences in the patient populations identified as having
PTEN loss using these assays, including varying PTEN mRNA
expression levels and transcription profiles. Overall, these
results are consistent with data for patients with hormone
receptor-positive breast cancer, for whom addition of the
AKT inhibitor capivasertib to fulvestrant improved PFS and
OS in the ITT to a greater extent in the subgroup of patients
with AKT pathway alterations in their tumor [33].

A potential confounding factor in detecting PTEN loss is
its heterogeneity in primary tumors and evolution of this
heterogeneity as the disease progresses [10,34]. Tumor
heterogeneity can be quantified via IHC assay for multiple
parts of a single tumor, whereas NGS assays do not provide
insight into tumor PTEN heterogeneity as copy numbers are
averaged across cells. Assays for PTEN status are currently
not part of routine clinical practice for prostate cancer; as
PTEN-targeted therapies are developed for prostate cancer,
the role of each assay will need to be further assessed. It
should also be noted that in the prior supporting phase 2
study of ipatasertib in mCRPC, two different PTEN IHC
assays showing 80% concordance were used, but the poten-
tial impact of the use of different IHC assays on the results
from IPATential150 is unknown [17].

The genes most frequently mutated in our study were
TMPRSS2, TP53, and PTEN, and among the genes assessed,
these TMPRSS2 and TP53 mutations were most likely to co-
occur with PTEN loss. By contrast, mutations in SPOP were
inversely correlated with PTEN loss and with alterations in
TMPRSS2 and TP53. The efficacy results observed here are
consistent with previously reports in which TP53 mutations
were associated with poor prognosis in prostate cancer [35-
37], and SPOP mutations were associated with better clinical
outcomes [37,38]. Furthermore, mutations in tumor sup-
pressor genes increase with more advanced disease, and
the co-occurrence of mutations in PTEN and TMPRSS2 and/
or TP53 is associated with poorer clinical outcomes [39,40].
Mutations in the RTK pathway occurred in 6% of patients
in our study, and a better clinical response to ipatasertib
was observed for these patients. Although patients with
genetic alterations in the RTK pathway represent a small
population in mCRPC, RTK functions as a key upstream reg-
ulator of PI3K/AKT signaling [41], so these patients might
benefit from therapies that inhibit PI3K or AKT.

Strengths of our study include the large population and
molecular stratification via multiple methods. However,
there are multiple limitations, including the exploratory nat-
ure of the NGS analyses, the availability of biomarker data
for subsets of patients, and potential heterogeneity con-
founding the determination of PTEN status. One caveat in
this analysis is that most of the biomarker data were col-
lected from archival samples from close to the time of initial
disease diagnosis, which may not reflect the mCRPC state
because of intratumoral heterogeneity and genomic drift
after hormone deprivation therapy. Another limitation is
the lack of microdissection because of the limited sample
amounts for multiomics analysis. In addition, some samples
could not be evaluated via NGS, and among the NGS-

evaluable samples, some could not be evaluated for PTEN
status. Prostate tissue presents challenges for NGS, including
limited access to fresh-frozen tissue biopsy samples and
technical challenges in sequencing FFPE biopsy samples,
especially from bone metastases, as high-complexity NGS
assays require more evaluable tissue than IHC assays [42].

5. Conclusions

In conclusion, addition of ipatasertib to abiraterone did not
lead to a statistically significant improvement in OS for men
with mCRPC with PTEN loss on IHC. Exploratory biomarker
analyses, including NGS, identified subpopulations who
might benefit from this treatment combination, which
could guide the development of drugs targeting the
PIK3CA/AKT1/PTEN pathway. These results warrant further
investigation in prospective studies.
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