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ABSTRACT
◥

Purpose: To evaluate a triplet regimen combining immune
checkpoint blockade, AKT pathway inhibition, and (nab-) pacli-
taxel as first-line therapy for locally advanced/metastatic triple-
negative breast cancer (mTNBC).

Patients and Methods: The single-arm CO40151 phase Ib
study (NCT03800836), the single-arm signal-seeking cohort
of IPATunity130 (NCT03337724), and the randomized
phase III IPATunity170 trial (NCT04177108) enrolled patients
with previously untreated mTNBC. Triplet therapy comprised
intravenous atezolizumab 840 mg (days 1 and 15), oral ipata-
sertib 400 mg/day (days 1–21), and intravenous paclitaxel
80 mg/m2 (or nab-paclitaxel 100 mg/m2; days 1, 8, and 15)
every 28 days. Exploratory translational research aimed to
elucidate mechanisms and molecular markers of sensitivity and
resistance.

Results: Among 317 patients treated with the triplet, efficacy
ranged across studies as follows: median progression-free survival
(PFS) 5.4 to 7.4months, objective response rate 44% to 63%,median
duration of response 5.6 to 11.1months, andmedian overall survival
15.7 to28.3months.The safetyprofilewasconsistentwith theknown
toxicities of each agent. Grade≥3 adverse events weremore frequent
with the triplet thanwithdoublets or single-agentpaclitaxel. Patients
with PFS >10 months were characterized by NF1, CCND3, and
PIK3CA alterations and increased immune pathway activity. PFS
<5 months was associated with CDKN2A/CDKN2B/MTAP altera-
tions and lower predicted phosphorylated AKT-S473 levels.

Conclusions: In patients with mTNBC receiving an ipatasertib/
atezolizumab/taxane triplet regimen, molecular characteristics may
identify those with particularly favorable or unfavorable outcomes,
potentially guiding future research efforts.

Introduction
Triple-negative breast cancer (TNBC) represents a heterogeneous

group of cancers, some of which are associated with an aggressive

course and a dismal prognosis. As biological understanding deepens
and new targets are identified, the implications of genomic and
proteomic diversity have an increasingly profound impact on
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prognosis and treatment strategies (1, 2). Among the most important
developments in the management of metastatic TNBC in recent years
has been the incorporation of immune checkpoint inhibitors targeting
programmed death-1 (PD-1) or programmed death ligand-1 (PD-L1)
into first-line therapy for PD-L1–positive metastatic TNBC. Two
randomized phase III trials [KEYNOTE-355 evaluating the addition
of pembrolizumab to standard chemotherapy (3) and IMpassion130
evaluating the addition of atezolizumab to nanoparticle albumin-
bound (nab-) paclitaxel (4)] demonstrated improved progression-
free survival (PFS) compared with chemotherapy alone in patients
with PD-L1–positive tumors. Both trials also demonstrated a clinically
meaningful improvement in overall survival (OS) in PD-L1–positive
TNBC (5, 6). In contrast, IMpassion131 showed no benefit from the
addition of atezolizumab to conventional paclitaxel (7).

Although immunotherapy has transformed the management of
metastatic TNBC for patients with PD-L1–positive tumors, outcomes
remain poor with a median OS of approximately 2 years (5, 6). For the
60% of patients with PD-L1–negative TNBC (3, 4), treatment options
are even more limited and novel therapeutic strategies are needed. A
potential mechanism for resistance to checkpoint inhibitors is loss of
PTEN, a negative regulator of AKT. The phosphatidylinositol 3-kinase
(PI3K)/AKT signaling pathway is frequently activated in TNBC (8)
and represents a promising target. Genetic alterations in phosphati-
dylinositol-4, 5-bisphosphate 3-kinase, catalytic subunit, alpha
(PIK3CA), AKT1, and/or PTEN were previously reported in 44% of
almost 800 patients with metastatic TNBC (9). Preclinical models
suggested that sensitivity to AKT inhibitors was associated with
activation of PI3K and/or PTEN deletions (10, 11). In the clinical
setting, two randomized phase II trials [LOTUS evaluating ipataser-
tib (12); PAKT evaluating capivasertib (13)] demonstrated improved
PFS when an AKT inhibitor was combined with paclitaxel as first-line
therapy for metastatic TNBC. Both trials assessed the doublet com-
bination in an unselected population, but the effect on PFS was more
pronounced in predefined populations of patients with PIK3CA/
AKT1/PTEN-altered tumors. These observations supported phase III
evaluation of ipatasertib in a biomarker-selected population
of patients, and the IPATunity130 randomized phase III trial
(NCT03337724) was initiated to evaluate a doublet of ipatasertib
and paclitaxel in patients with PIK3CA/AKT1/PTEN-altered

tumors. However, final OS results from LOTUS suggested an effect
of ipatasertib irrespective of PIK3CA/AKT1/PTEN alteration (14),
perhaps explained by the heterogeneity of the population and the
relatively small sample size. Therefore, interest remained to explore
ipatasertib in a broader population of patients.

Inhibiting the PI3K/AKT pathway with a PI3K-beta inhibitor has
been shown to reverse resistance to T-cell–mediated immunotherapy
and the combination of PI3K-beta inhibition and PD-(L)1 axis
blockade showed synergistic antitumor responses (15). AKT inhibitors
may restore or enhance physiologic function of T cells in the tumor
microenvironment and enhance expansion of tumor-specific subpo-
pulations with a stem-like memory cell phenotype (16, 17). Concur-
rent ipatasertib therapy may enhance checkpoint inhibitor efficacy by
retaining a stem-like phenotype in memory T cells, preventing
exhaustion and enabling a long-term response in patients (18, 19).
Thus, by targeting both the AKT pathway and immune checkpoints
simultaneously, it was anticipated that adaptive resistance mechan-
isms would be less likely to emerge. There is also strong preclinical
evidence thatAKT inhibitionwould sensitize tumors to treatmentwith
PD-L1 inhibition (20, 21). These results, as well as the tolerability and
limited overlapping toxicity of atezolizumab, ipatasertib, and (nab-)
paclitaxel, provided the rationale for evaluating a triplet regimen
combining these three agents.

A multicenter phase Ib study (CO40151) was initiated to assess the
feasibility, tolerability, and early efficacy signals of a triplet combining
atezolizumab, ipatasertib, and a taxane as first-line therapy for locally
advanced/metastatic TNBC. Preliminary results from the first 26
patients after a median follow-up of 6.1 months demonstrated a
73% confirmed objective response rate (ORR; ref. 22). Responses were
seen irrespective of PD-L1 status or PIK3CA/AKT1/PTEN alteration
status. These initial results reported in early 2019 led to evaluation of
the triplet regimen in Cohort C of the IPATunity130 trial in patients
with TNBC whose tumors did not have PIK3CA/AKT1/PTEN altera-
tions, and later in the global randomized phase III IPATunity170 trial,
which compared the triplet regimen against doublets or paclitaxel
alone in two independently enrolled cohorts according to PD-L1
status.

We report final results from the phase Ib CO40151 study, together
with data generated for the triplet regimen in the two subsequent
phase III trials, IPATunity170 and Cohort C of IPATunity130.
CO40151 included in-depth translational studies, aiming to elucidate
mechanisms of sensitivity and resistance to the combination. Clinical
and key translational results are presented together in this report to
provide a comprehensive picture detailing the clinical evaluation of a
triplet combining immune checkpoint blockade, AKT pathway inhi-
bition, and taxane therapy for TNBC.

Patients and Methods
Patient populations

Results are reported from three separate trials: CO40151
(NCT03800836), IPATunity130 (NCT03337724; CO40016) Cohort C,
and IPATunity170 (NCT04177108; CO41101). The cohorts and treat-
ment arms included in this report are based on patients sharing
the following eligibility criteria: women or men with unresectable
locally advanced/metastatic TNBC, measurable disease according
to RECIST version 1.1, no prior systemic therapy for locally
advanced/metastatic TNBC, Eastern Cooperative Oncology Group
(ECOG) performance status 0 or 1, and no prior AKT inhibitor
therapy. Tumors were assessed every 8 weeks according to RECIST
version 1.1.

Translational Relevance

Combined immune checkpoint blockade, AKT pathway inhi-
bition, and taxane therapy is a rational therapeutic strategy aimed
at improving the efficacy of immunotherapy in triple-negative
breast cancer. Although overall clinical outcomes were modest,
translational studies provide valuable insight into the molecular
characteristics and mechanisms associated with sensitivity and
resistance. Longer (>10 months) progression-free survival (PFS)
was characterized by NF1, CCND3, and PIK3CA alterations;
increased baseline stromal tumor-infiltrating lymphocytes and
CD8 T cells; and increased baseline immune pathway activity,
whereas shorter (<5 months) PFS was associated with
CDKN2A/CDKN2B/MTAP alterations and lower predicted phos-
phorylated AKT-S473 levels. These biomarker findings may guide
future trial design and patient selection, including a priori iden-
tification of patients with highly resistant disease or disease that is
likely to progress rapidly, for whom better treatment options are
urgently required.
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In all three trials, the protocol, informed consent form, patient
materials, and relevant supporting information were approved by an
Institutional Review Board/Ethics Committee before study initiation.
Patients in all three trials provided signed informed consent before
undergoing any study-specific procedures. The trials were conducted
in full conformance with the International Conference onHarmonisa-
tion E6 guideline for Good Clinical Practice and the principles of the
Declaration of Helsinki, or the applicable laws and regulations of the
country in which the research was conducted, whichever afforded the
greater protection to the individual.

Study designs
The designs of the three studies are summarized in Table 1 and

presented in more detail in Supplementary Fig. S1. CO40151 was a
multicenter phase Ib study evaluating a triplet of ipatasertib, atezo-
lizumab, and a taxane (either paclitaxel or nab-paclitaxel) in Cohort 1.
The co-primary efficacy endpoints were investigator-assessed con-
firmed ORR according to RECIST version 1.1 and DoR. There was no
formal statistical hypothesis testing in this study.

The phase III IPATunity130 trial included two independent ran-
domized cohorts each comparing the doublet of ipatasertib plus
paclitaxel versus placebo plus paclitaxel in patients with measurable
locally advanced or metastatic breast cancer [Cohort A in TNBC (23)
and Cohort B in hormone receptor–positive HER2-negative breast
cancer not suitable for endocrine therapy (24), both enrolling only
patients with PIK3CA/AKT1/PTEN alterations]. Neither of these two
randomized cohorts demonstrated significantly improved efficacy
with the addition of ipatasertib to paclitaxel (23, 24). Here we focus
on Cohort C, an open-label single-arm signal-seeking cohort in
patients with locally advanced/metastatic TNBC who were screened
for Cohort A but found to have no PIK3CA/AKT1/PTEN alteration.
Cohort C evaluated a triplet regimen of ipatasertib, atezolizumab, and
paclitaxel as first-line therapy. The primary endpoint was PFS, defined
as the interval between enrollment and investigator-assessed disease
progression or death.

The phase III IPATunity170 trial included two independent cohorts
evaluating the efficacy and safety of a triplet combining ipatasertib,
atezolizumab, and paclitaxel as first-line therapy for locally

advanced/metastatic TNBC. Patients with known germline BRCA1/2
mutation were ineligible unless they were not a candidate for a PARP
inhibitor. Cohort 1 enrolled patients with PD-L1–nonpositive tumors
(negative or unknown status) and compared the triplet versus a
doublet of ipatasertib plus paclitaxel, and ipatasertib plus paclitaxel
versus paclitaxel alone. Cohort 2 enrolled patients with PD-L1–
positive tumors and compared the triplet versus a doublet of atezo-
lizumab and paclitaxel. Patients were stratified according to geo-
graphic region, prior (neo)adjuvant taxane, and prior (neo)adjuvant
cancer immunotherapy; patients were randomized in a 1:1:1 ratio in
Cohort 1 and a 1:1 ratio in Cohort 2. The co-primary endpoints were
investigator-assessed PFS (according to RECIST version 1.1) and OS.
Investigator-assessed confirmed ORR, DoR, and CBR were explor-
atory endpoints, with efficacy evaluation in subgroups with PIK3-
CA/AKT1/PTEN-altered tumors predefined. Initially it was planned to
enroll up to 1,155 patients from 350 sites globally. Enrollment to
Cohort 2 (PD-L1–positive TNBC) was closed on August 6, 2020,
following the readout of the IMpassion131 trial (NCT03125902)
indicating that atezolizumab plus paclitaxel was not an appropriate
control arm in PD-L1–positive TNBC (7). Enrollment to Cohort 1
(PD-L1–nonpositive TNBC) was closed on September 18, 2020, after
unblinding of the TNBC portion of the IPATunity130 trial showing
no benefit from the addition of ipatasertib to paclitaxel (23).

Treatment regimen
In all three trials, ipatasertib was administered orally at a fixed

dose of 400 mg/day on days 1 to 21. Atezolizumab was administered
intravenously at 840 mg on days 1 and 15. Taxane chemotherapy
consisted of paclitaxel 80 mg/m2 (or nab-paclitaxel 100 mg/m2 in
some cohorts of CO40151) administered intravenously on days 1, 8,
and 15. Cycles were repeated every 28 days until loss of clinical
benefit, unacceptable toxicity, withdrawal of consent, or study
completion or termination. Given the risk of rash, patients were
to receive ≥10 mg prednisone (or equivalent) as premedication
before atezolizumab administration during cycle 1, followed by a
fixed 10 mg prednisone dose for 2 to 4 days thereafter, unless
contraindicated. In Arms C and D of the phase Ib CO40151 study,
one drug was omitted for the first 2 weeks of the cycle (day 1

Table 1. Summary of trial designs.

CO40151 IPATunity130, Cohort C IPATunity170

Design Phase Ib Open-label single-arm cohort within phase III Two-cohort placebo-controlled randomized
phase III

Geographic locations Australia, France,
Spain, UK, USA

Europe, North and South America, Asia Europe, Asia, Australia, North and South
America

Taxane backbone Paclitaxel or
nab-paclitaxel

Paclitaxel Paclitaxel

Comparator arms None None PD-L1–positive cohort: atezolizumabþpaclitaxel
PD-L1–negative/unknown cohort: paclitaxel
alone or paclitaxel þ ipatasertib

PIK3CA/AKT1/PTEN
mutation status

Unselected Not altered Unselected

Known BRCA1/2
mutation eligible

Yes Yes No (unless ineligible for PARP inhibitor)

Primary endpoint Confirmed ORR and
DoR

PFS PFS and OS

Secondary efficacy
endpoints

PFS, confirmed CBR,
OS

ConfirmedORR (RECIST version 1.1), DoR, CBR,OS,
1-year PFS rate, 1-year OS rate

All nonprimary predefined endpoints were
exploratory

Abbreviations: CBR, clinical benefit rate (stable disease for ≥24 weeks or confirmed complete/partial response); DoR, duration of response (interval between
confirmed complete/partial response and disease progression or death).
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atezolizumab in Arm C, days 1–14 ipatasertib in Arm D) to enable
additional translational research.

Translational research
Formalin-fixed paraffin-embedded (FFPE) tissue blocks or freshly

cut unstained serial tumor slides from the most recently collected
tumor tissue sample were mandatory in all trials for central molecular
analysis. PD-L1 status was determined using the Ventana SP142 IHC
assay (Ventana Medical Systems), with PD-L1–positive status defined
as immune cell expression in ≥1% of the tumor area. PD-L1 status was
also determined (retrospectively) by pathologists at HistoGeneX (now
CellCarta NV) using the 22C3 pharmDx assay (Agilent). PIK3CA/
AKT1/PTEN alteration status was assessed using the FoundationOne
CDx (Foundation Medicine) in CO40151 and the Foundation Med-
icine Clinical Trial Algorithm in IPATunity130 and IPATunity170.
CD8 expression was assessed by IHC (VR-454 Ventana clone
C8/144B). Tumor and stromal tumor-infiltrating lymphocytes (TIL)
were assessed by certified pathologists at HistoGeneX using hema-
toxylin and eosin–stained slides to calculate the percentage of viable
tumor area occupied by immune cells and the percentage of the
desmoplastic stroma area occupied by immune cells. Gene expression
was assessed by RNA sequencing. A combination of differential gene
expression (http://bioconductor.org/packages/release/bioc/html/
limma.html), gene set enrichment analysis (GSEA; https://github.
com/GSEA-MSigDB/GSEA_R and https://bioconductor.org/packa
ges/release/bioc/html/fgsea.html) performed as described previous-
ly (25), and machine-learning (random forest; https://cran.r-proj
ect.org/web/packages/randomForest/index.html) approaches were
used to study the effect of molecular pathways on responses and
resistance to the combination of ipatasertib with atezolizumab
and paclitaxel or nab-paclitaxel. Genomically adjacent and co-
mutated genes were grouped and analyzed together (e.g., CDKN2A,
CDKN2B, and MTAP).

To explore molecular characteristics of patients with primary
refractory disease or exceptionally long disease stabilization within
the phase Ib study, patients with particularly short or long PFS were
identified. For these exploratory biomarker analyses, the biomarker-
evaluable patients were categorized according to the duration of PFS:
<5 versus ≥5 to ≤10 versus >10 months. A cut-off of 10 months was
selected to define patients with particularly long PFS based on the
median PFS of 7.2 months with atezolizumab plus nab-paclitaxel in
IMpassion130 (4) and 6.0months with atezolizumab plus paclitaxel in
IMpassion131 (7).

Additional analyses explored the potential role of AKT signaling on
PFS with the triplet. Activation of AKT signaling is one of the hall-
marks of immune exclusion and poor response to immunothera-
py (15). It was previously reported that treatment benefit from
immunotherapy is reduced in tumors with low immune infiltration
compared with immune-infiltrated tumors (26). Therefore, we
hypothesized that patients harboring tumors with activated AKT
signaling may have low immune infiltration and may benefit from
a combination of ipatasertib and atezolizumab. AKT signaling can be
activated via genetic and nongenetic mechanisms. Therefore, to test
our hypothesis, we first developed a random forest model to predict
levels of phosphorylated (p)AKT-S473 using gene expression data.We
trained the model using reverse-phase protein microarray and gene
expression data (n ¼ 108) using baseline (placebo plus paclitaxel or
ipatasertib plus paclitaxel) optimal cutting temperature compound
samples from FAIRLANE (a randomized phase II trial evaluating the
addition of ipatasertib to neoadjuvant chemotherapy for TNBC;
refs. 27, 28). The final model consisted of 14 protein-coding genes.

As shown in Supplementary Fig. S2, the model predicted high (≥75th
percentile) and low (<25th percentile) pAKT-S473 in the unseen test
dataset (n ¼ 50) treated with placebo plus paclitaxel (cycle 1, day 8)
with an AUC of 0.96.

Data availability
For up-to-date details on Roche’s Global Policy on the Sharing of

Clinical Information and how to request access to related clinical study
documents, see: https://go.roche.com/data_sharing. Anonymized
records for individual patients across more than one data source
external to Roche cannot, and should not, be linked due to a potential
increase in risk of patient re-identification.

Role of the funding source
Authors from F. Hoffmann-La Roche/Genentech were involved in

data analysis and interpretation.

Results
Patient populations and treatment exposure

Across the three trials, 317 patients received the triplet regimen.
Study CO40151 enrolled 114 female patients between February 13,
2018 and February 21, 2020. IPATunity130 Cohort C enrolled 102 pati-
ents between March 25, 2019 and February 19, 2020. IPATunity170
enrolled 242 patients from November 25, 2019 until September 17,
2020 for Cohort 1 (PD-L1–negative/unknown; n ¼ 127) and until
August 6, 2020 for Cohort 2 (PD-L1–positive TNBC, n¼ 115). Nomale
patients were enrolled in any of the trials, although they were eligible.
There were minor differences between the trials with respect to racial
diversity, reflecting the countries participating in each of the studies
(Supplementary Tables S1 and S2).

Efficacy
Efficacy results from all three trials are summarized in Table 2 and

shown inmore detail in Supplementary Figs. S3 to S5.With the triplet,
median PFS ranged from 5.4 to 7.4 months, ORR ranged from 44% to
63%, median DoR ranged from 5.6 to 11.1 months, and median OS
ranged from 15.7 to 28.3months. Across all three trials, approximately
30% of patients receiving the triplet remained alive and progression-
free at 10 months.

In CO40151, PFS was similar between patients receiving nab-
paclitaxel [median 6.6 (95% confidence interval (CI), 3.4–9.2)months]
and paclitaxel [median 7.2 (95% CI, 5.3–7.4) months; Supplementary
Fig. S3A]. Median OS was 20.1 (95% CI, 11.1–30.8) months with nab-
paclitaxel and 28.3 (95% CI, 17.2–43.0) months with paclitaxel,
although there was extensive censoring before the median in the
paclitaxel group (Supplementary Fig. S3B). There were no clear
differences in PFS and OS with the triplet according to PD-L1 status
(Supplementary Figs. S3C and S3D). Likewise, subgroup analyses
according to PIK3CA/AKT/PTEN alteration status showed no clear
differences. Median PFS was 7.4 months in patients with PIK3CA/
AKT/PTEN alterations versus 6.6 months in patients without, and
6.0 months in patients with unknown PIK3CA/AKT/PTEN status;
corresponding values for ORR were 53%, 62%, and 42%, respectively.

In IPATunity130 Cohort C, median PFS was 6.2 (95% CI, 5.4–9.2)
months in the PD-L1–positive population, 5.4 (95% CI, 3.7–8.8)
months in the PD-L1–negative population, and 7.4 (95% CI,
5.5–12.8) months in the population with unknown PD-L1 status
(Supplementary Fig. S4). The 1-year PFS rate in the overall population
was 31% (95% CI, 22–41%) and the 1-year OS rate was 79% (95% CI,
71–87%).
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In the PD-L1–positive cohort of IPATunity170, median PFSwas 5.6
(95% CI, 5.4–9.2) months with the triplet and 5.7 (95% CI, 4.0–9.1)
months with atezolizumab plus paclitaxel. Median OS was not esti-
mable for the triplet; medianOSwas 17.2 (95%CI, 13.4–not estimable)
months with atezolizumab plus paclitaxel. PFS and OS results showed
no relevant difference between the doublet and triplet treatment
arms, suggesting that adding ipatasertib to atezolizumab and pacli-
taxel did not improve efficacy versus the doublet alone (Supplementary
Figs. S5A and S5B). In the PD-L1–negative/unknown cohort of
IPATunity170, there was a suggestion of longer PFS with the doublet
and triplet regimens compared with paclitaxel alone [median PFS, 7.1
(95% CI, 5.1–9.3) months with the triplet; 5.6 (95% CI, 3.7–8.2)
months with ipatasertib plus paclitaxel; and 3.7 (95% CI, 3.6–5.4)
months with paclitaxel alone; Supplementary Fig. S5C]. However, this
was not observed for OS [median OS, 15.7 (95% CI, 12.5–not esti-
mable) months with the triplet; 15.3 (95% CI, 15.3–not estimable)
months with ipatasertib plus paclitaxel; and 16.6 (95% CI, 9.6–not
estimable) months with paclitaxel alone], although there was extensive
censoring before the medians (Supplementary Fig. S5D).

Safety
Overall, there were no relevant differences in taxane exposure with

the triplet between cohorts/arms within each study or between studies
(Supplementary Table S3). In IPATunity170, overall treatment expo-
sure was generally longer with the triplet regimen thanwith the control
arms (doublet or single-agent regimens). In addition, atezolizumab
and ipatasertib exposure with the triplet was longer in CO40151 than
in either IPATunity130 or IPATunity170.

Table 3 provides an overview of safety across the three trials. In
general, the frequency of grade ≥3 adverse events (AE) was higher with
the triplet than with the doublet or single-agent paclitaxel. Among all
317 patients receiving the triplet, AEs led to discontinuation of
ipatasertib in 31 patients (10%) and atezolizumab in 27 patients
(9%), but were less common than AEs leading to discontinuation
of taxane therapy (76 patients; 24%). Safety outcomes according to
PD-L1 status showed no obvious differences (data not shown).

Across all arms of the phase Ib CO40151 study, the most common
all-grade AEs (≥30% of patients) were diarrhea (82%), nausea (55%),
alopecia (44%), fatigue (41%), rash (38%), constipation (36%), and
peripheral neuropathy (32%). Hyperglycemia occurred in <10% of
patients. There were two fatal AEs in CO40151 (one case each of
pneumonia and ischemic stroke). The most common grade 3/4 AEs
across all treatment armswere diarrhea (12%), neutropenia (11%), and
rash (10%; Supplementary Table S4).

In IPATunity130 Cohort C, the most common all-grade AEs were
diarrhea (84%), nausea (41%), alopecia (41%), anemia (32%), and rash
(30%). Hyperglycemia was reported in 22% of patients (4% grade 3, no
grade 4). The only grade 3/4 AE in >10% of patients was diarrhea
(17%). Fatal AEs were reported in 4 patients in IPATunity130
Cohort C (one case each of pneumonia, suspected COVID-19,
cardiac arrest, and pulmonary embolism).

In IPATunity170, the most common AEs were diarrhea (54%),
alopecia (35%), constipation (35%), and nausea (31%). Hyperglycemia
occurred in 13% (grade 3/4 in 1%). Among patients receiving the
triplet, 14% experienced grade 3/4 diarrhea. Fatal AEs with the triplet
comprised two cases of septic shock and one case each of cardiac arrest,
cardiac failure, COVID-19 pneumonia, and unexplained death.

Biomarker analyses
Biomarker analyses reported here are from the CO40151 dataset.

Among the 114 patients treated across the four treatment arms,
biomarker samples were available for IHC evaluation from 95 patients
for tumor and stromal TILs, 76 patients for determination of PD-L1
status by SP142, 61 patients for determination of PD-L1 status by
22C3, and 82 patients for CD8 evaluation. Baseline FFPE tissue was
available from87 patients for bulk RNA sequencing and 76 patients for
Foundation Medicine next-generation sequencing. For all biomarker
analysis datasets, approximately 60% of samples were from primary
tumors and 40% from metastatic sites.

To determine whether the study population in CO40151 was
representative of a typical trial population of patients with TNBC,
we explored the prevalence of genetic alterations (Fig. 1A). The most

Table 3. Summary of safety (triplet regimens shown in bold).a

Number of patientswith
AE (%) CO40151 IPATunity130, Cohort C IPATunity170

PD-L1 status þ � Unknown þ � Unknown þ � or unknown
PIK3CA/AKT1/PTEN
status

Unselected Not altered Unselected

Treatment Atezo þ ipat þ pac/nab-pac Atezo þ ipat þ pac Atezo þ
pac

Atezo þ ipat
þ pac

Pac Ipat
þ pac

Atezo þ ipat
þ pac

Number of patients 51 45 18 40 25 37 57 58 41 43 43
Grade ≥3 AE 33 (65) 23 (51) 9 (50) 21 (53) 14 (56) 27 (73) 20 (35) 39 (67) 15 (37) 23 (53) 29 (67)
Grade 5 AE 2 (4) 0 0 0 2 (8) 2 (5) 0 3 (5) 1 (2) 1 (2) 3 (7)

Serious AE 24 (47) 17 (38) 3 (17) 8 (20) 10 (40) 11 (30) 9 (16) 15 (26) 7 (17) 7 (16) 14 (33)
AE leading to treatment discontinuation
Ipatasertib/placebo 1 (2) 4 (9) 2 (11) 4 (10) 1 (4) 6 (16) 1 (2) 8 (14) 1 (2) 3 (7) 5 (12)
Atezolizumab/
placebo

1 (2) 3 (7) 1 (6) 4 (10) 1 (4) 8 (22) 0 7 (12) 1 (2) 2 (5) 2 (5)

Taxane Pac: 15 (29) Pac: 13 (29) Pac: 5 (28) 6 (15) 3 (12) 13 (35) 3 (5) 13 (22) 4 (10) 6 (14) 4 (9)
Nab-pac:
3 (6)

Nab-pac:
1 (2)

Nab-pac: 0

aAEs graded according to NCI CTCAE version 4.0 for CO40151 and IPATunity130 and version 5.0 for IPATunity170 and coded using MedDRA version 24.1.
Abbreviations: atezo, atezolizumab; ipat, ipatasertib; MedDRA, Medical Dictionary for Regulatory Activities; NCI CTCAE, National Cancer Institute Common
Terminology Criteria for Adverse Events; pac, paclitaxel.
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frequent alterations were in TP53 (86%; predominantly short varia-
tions), PTEN (32%; predominantly deletions), RAD21 (32%; exclu-
sively amplifications), and MYC (29%; exclusively amplifications).
BRCA1 mutations were observed in 13% of samples (short variations
or deletions). Overall, the distribution and prevalence were similar to
observations in the randomized phase III IMpassion130 trial (29), in
which the most common alterations were in TP53 (85%),MYC (22%),
PIK3CA (21%), and PTEN (19%). However, PIK3CA mutations were
less common inCO40151 (12% vs. 21% in IMpassion130), as wereRB1
mutations (7% vs. 14%, respectively), whereas PTEN alterations were
more common in CO40151 (32% vs. 19% in IMpassion130).

Although none of the alterations showed a clear clustering pattern
among the subgroup with shortest or longest PFS, there were some
notable findings. NF1 and CCND3 alterations were absent among the
small population of patients with PFS <5 months, but were more
common in patients with longer PFS; likewise, PIK3CA alterations
were detected in only 1 patient with PFS <5 months but in a larger
proportion of patients with intermediate or long PFS. Of note, 4 of
the 8 patients with CDKN2A/CDKN2B/MTAP alterations had PFS
<5 months. There was no clear association between PFS and tumor
mutational burden (TMB).

IHC analysis revealed no significant differences in baseline stromal
TILs and CD8T cells between patients with PFS >10months and those
with shorter (<5 months) PFS (Fig. 1B). However, patients with
increased activity of immune pathways inferred from gene expression
at baseline appeared to have longer PFS with the triplet (Fig. 1C;
refs. 20, 30). For example, high IFNg and MHC-I were observed in
most patients with PFS >10 months, but in relatively few of those with
PFS <5 months.

The pAKT model developed from the FAIRLANE dataset
(described above) was leveraged to understandwhether AKT signaling
was associated with response to ipatasertib and its combination with
atezolizumab. First, the potential association between the pAKTmodel
and clinical response to ipatasertib was tested in the LOTUS random-
ized phase II trial in locally advanced/metastatic TNBC (12). Baseline
tumor samples with high predicted pAKT-S473 levels were associated
with enhanced PFSwith ipatasertib plus paclitaxel but notwith placebo
plus paclitaxel (Supplementary Fig. S2F). In CO40151, tumors with
high pAKT-S473 as predicted by a random forest model had lower
immune infiltrate, as indicated by lower IFNg signaling (Fig. 2, left
panel). Among 19 patients with PFS >10 months, there was no
difference in the proportion of patients with a high pAKT-S473 score
(53%) versus low pAKT-S473 score (47%), whereas among 29 patients
with PFS <5 months, 31% had high pAKT-S473 and 69% had low
pAKT-S473 (Fig. 2, right panel). The Fisher exact test P value of
0.065 indicates a trend toward worse PFS with lower pAKT. Further
exploratory analyses revealed no significant difference in PD-L1 (as
measured by the 22C3 assay) between patients with high pAKT
(irrespective of response) and nonresponders with low pAKT.
Responding patients with low pAKT at baseline had significantly
higher PD-L1 than either nonresponding patients with low pAKT or
patients with high pAKT irrespective of response (Supplementary
Fig. S6). Similar effects were seen when PD-L1 levels weremeasured by
SP142, although the differences were less striking.

Finally, GSEA analysis was performed on the hallmark gene sets and
compared between samples from19 patients with PFS>10months and
29 patients with PFS <5 months. Of the 50 hallmark gene sets, 11
pathways, including immune signaling, epithelial-to-mesenchymal
transition, apoptosis, and hypoxia, were significantly upregulated in
patients with longer PFS, whereas upregulation of 12 different hall-
mark gene sets, including those involved in Wnt signaling, cell cycle,

oxidative phosphorylation, and DNA repair, was associated with
shorter PFS (Fig. 1D; Supplementary Table S5).

Discussion
Final results from theCO40151 phase Ib study evaluating a triplet of

ipatasertib, atezolizumab, and a taxane show that the initial promising
confirmed ORR of 73% observed at the preliminary analysis (22) was
not maintained in subsequent analyses after expansion of the study.
Furthermore, the activity was not replicated in the signal-seeking arm
of IPATunity130, nor in the randomized phase III IPATunity170 trial.
Consequently, in the context of the evolving treatment landscape for
locally advanced/metastatic TNBC, the IPATunity170 trial was dis-
continued prematurely. In this report ofmore than 300 patients treated
with the triplet in three trials, median PFS ranged from 5.4 to
7.4 months. Comparison with previous randomized phase III data in
TNBC suggests that the activity of the triplet was similar to that
achieved with a doublet of anti-PD-(L)1 therapy and chemotherapy
alone. For example, in unselected populations, median PFS was
7.2 months with atezolizumab plus nab-paclitaxel in IMpas-
sion130 (4), 7.5 months with pembrolizumab plus chemotherapy
in KEYNOTE-355 (3), and 5.7 months with atezolizumab plus
paclitaxel in IMpassion131 (7). Median OS was <24 months in
most of the cohorts and treatment arms evaluating the triplet,
although interpretation is limited by low event numbers and
relatively short follow-up. These indirect findings suggest that the
triplet does not improve clinical outcomes compared with the
current standard therapies used in TNBC. The discrepancy between
the early phase Ib results and the subsequent expanded cohorts
could be due to chance and patient selection bias inherent to early-
phase trials. It is also possible that varying patterns of steroid use
during treatment, including for rash prophylaxis, may have influ-
enced the results over time as emerging data suggest that steroid
coadministration with atezolizumab may reduce proliferation path-
ways across immune cells (31).

As a result of the early termination of IPATunity170, analyses are
only descriptive, with relatively low event numbers (particularly for
OS) and short follow-up. However, results suggest that adding ipata-
sertib to atezolizumab plus paclitaxel does not improve PFS or OS in
patients with PD-L1–positive TNBC. Interestingly, within the PD-L1–
negative/unknown cohort of IPATunity170, there appeared to be
numerical differences between the treatment arms (median PFS of
3.7 months with paclitaxel alone, 5.6 months with an ipatasertib plus
paclitaxel doublet, and 7.1 months with the triplet). ORRs showed a
similar pattern (15% vs. 30% vs. 51%, respectively) but no pattern was
seen in the (relatively immature)OS results.Median PFS of 3.7months
andORRof 15%with single-agent paclitaxel is considerably lower than
typically observed and consistent with enrollment of a population with
particularly aggressive and treatment-resistant disease, as expected
given the exclusion of patients with PD-L1–positive and/or known
BRCA-mutated tumors. This population of patients has a high unmet
need, as they do not benefit from immune checkpoint blockade in the
metastatic setting. For patients with BRCA1/2 mutations, the PARP
inhibitors olaparib or talazoparib are indicated based on results of the
OlympiAD (32, 33) and EMBRACA (34, 35) trials, respectively. In
later lines, the antibody–drug conjugate sacituzumab govitecan is an
active treatment for taxane-pretreated locally advanced/metastatic
TNBC, as demonstrated in the phase III ASCENT trial (36). The
evolving treatment landscape and availability of new agents for the
treatment of TNBCmay have affected OS results in the trials reported
in this article.
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Comparison of outcomes across cohorts with PD-L1–positive
locally advanced/metastatic TNBC or cohorts with PD-L1–negative
locally advanced/metastatic TNBC consistently showed shorter medi-
an PFS in IPATunity170 and IPATunity130 than in CO40151. This
may reflect the shorter duration of follow-up in the phase III trials,
which started after CO40151. The heterogeneity of the enrolled patient
populations, the potential impact of selection bias, and subsequent
therapy are also likely to contribute.

Exploratory biomarker analysis revealed that patients with high
baseline predicted pAKT-S473 levels had low immune infiltrates,
consistent with previous reports of an association between
activated AKT signaling and immune exclusion in patients with
melanoma (15). We also observed a trend toward longer PFS with
high baseline predicted pAKT-S473, potentially suggesting that at
least for a subset of patients whose tumors were immune excluded
and had low PD-L1 levels, ipatasertib may have improved immune

A

B

Figure 1.

Biomarker characterization.A,Genomic landscape.B,Stromal TILs andCD8T cells according toPFS. The lower and upper bounds of the rectangles represent thefirst
and third quartiles, the horizontal line represents the median, the whiskers extend to the highest and lowest values within 1.5� the interquartile range, and data
beyond the end of the whiskers are outliers and are plotted as points. (Continued on the following page.)
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C

D

Figure 1.

(Continued. ) C, Baseline RNA-sequencing profile. Atezolizumab plus paclitaxel response represents a gene signature based on CD8-CXCL13 T cells that has
previously been shown to predict better response to atezolizumab plus paclitaxel in TNBC (20). Similarly, the B-cell gene signature comprising CD19 and
CXCR5 is predictive of better response to atezolizumab plus paclitaxel in TNBC. D, GSEA analysis on hallmark gene sets according to PFS. The scoring is
averaged Z score of individual samples from gene set variation analysis in the subgroups with PFS <5 months and >10 months. AMP, amplification; atezo,
atezolizumab; CAF, cancer-associated fibroblasts; CPS, combined positive score; DEL, deletion; EMT, epithelial–mesenchymal transition; FA BIO, fatty acid
biosynthesis; IC, immune cell; ipat, ipatasertib; JAK, Janus kinase; LAR, luminal androgen receptor; MPAS, MAPK pathway activity score (30); MHC-I, major
histocompatibility complex-I; Mut/Mb, mutations/megabase; NF-kB, nuclear factor kappa-B; pac, paclitaxel; RA, rearrangement; SNV, single-nucleotide
variation; TEM, T effector memory.
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infiltration and synergized with atezolizumab. Ongoing analysis of
samples from the biopsy cohort may characterize further the
underlying mechanism of synergy between ipatasertib and
atezolizumab. Although the fidelity of markers between primary
and metastatic samples was not explored, representing a caveat
of the study conclusions, from a genomic perspective, patients in
CO40151 appeared to be representative of TNBC populations.
PIK3CA mutations, which are typically associated with a worse
prognosis (37), were less common in CO40151 (12% vs. 21%
in IMpassion130), whereas PTEN alterations, which are associ-
ated with shorter PFS and OS among patients treated with
anti-PD-(L)1 therapies (38), were more common in CO40151
(32% vs. 19% in IMpassion130). In patients with longer PFS, we
observed enrichment of alterations in PIK3CA and NF1, whereas
alterations in these genes are typically associated with poor
prognosis (39, 40).

The totality of the results from these trials emphasizes the need for
alternative therapeutic approaches for patients with PD-L1–negative
locally advanced/metastatic TNBC, and for patients who are not
candidates for immune checkpoint blockade. Furthermore, the out-
comes illustrate the heterogeneity of the populations enrolled and the
challenges of developing combination regimens for TNBC and there
remains keen interest in agents targeting the PI3K/AKT pathway.
Further work is required to understand mechanisms of resistance to
the combination of AKT inhibition and immunotherapy.
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