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ARTICLE INFO ABSTRACT
Keywords: Background: This study aimed to comprehensively explore the clinical significance of PIK3CA mutation in human
Breast cancer epidermal growth factor receptor 2 (HER2)-positive breast cancer treated with anti-HER2 therapy.
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Methods: We systematically searched PubMed, Embase, and the Cochrane databases for eligible studies assessing
the association between PIK3CA mutation and outcomes in patients with HER2-positive breast cancer receiving
anti-HER2 therapy. The main outcomes included: (1) pathological complete response (pCR) or disease-free
survival (DFS) for the neoadjuvant setting; (2) DFS or invasive DFS for the adjuvant setting; (3) objective
response rate (ORR), progression-free survival (PFS), time-to-progression (TTP), or overall survival (OS) for the
metastatic setting. The mutational landscape of HER2-positive breast cancer according to PIK3CA mutation
status was examined based on TCGA breast cancer dataset.

Results: Totally, 43 eligible studies, covering 11,099 patients with available data on PIK3CA mutation status,
were identified. In the neoadjuvant setting, PIK3CA mutation was significantly associated with a lower pCR rate
(OR=0.23, 95% CI 0.19-0.27, p<0.001). This association remained significant irrespective of the type of anti-
HER2 therapy (single-agent or dual-agent) and hormone receptor status. There were no significant differences
in DFS between PIK3CA mutated and wild-type patients in either the neoadjuvant or adjuvant settings. In the
metastatic setting, PIK3CA mutation predicted worse ORR (OR=0.26, 95%CI 0.17-0.40, p<0.001), PFS
(HR=1.28, 95%CI 1.03-1.59, p = 0.024) and TTP (HR=2.27, 95%CI 1.54-3.34, p<0.001). However, no sig-
nificant association was observed between PIK3CA mutation status and OS. Distinct mutational landscapes were
observed in HER2-positive breast cancer between individuals with PIK3CA mutations and those with wild-type
PIK3CA.

Conclusions: PIK3CA mutation was significantly associated with a lower pCR rate in HER2-positive breast cancer
treated with neoadjuvant anti-HER2 therapy. In the metastatic setting, PIK3CA mutation was predictive of worse
ORR, PFS and TTP. These results suggest the potential for developing PI3K inhibitors as a therapeutic option for
these patients.

Introduction aggressive phenotype and poor outcomes [1]. Despite the remarkable
progress with the availability of anti-HER2 agents for HER2-positive

Human epidermal growth factor receptor 2 (HER2) amplification is breast cancer across all disease stages, resistance often develops,
identified in about 20-25% of breast cancers, contributing to a more resulting in treatment failure [2]. Currently, apart from HER2, there is a
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lack of robust predictive markers for the selection of anti-HER2 therapy.
Hence, it is crucial to identify additional promising biomarkers for
further selection of patients who may benefit from or be non-responsive
to anti-HER2 therapy.

Phosphoinositide 3-kinase (PI3K) p110a, encoded by the PIK3CA
gene, is a subunit of PI3K, one of the crucial kinases in the PI3K/AKT1/
MTOR pathway [3]. PIK3CA mutation is common in breast cancer, with
the highest prevalence observed within hormone receptor-positive
/HER2-negative tumors [4,5]. Based on the SOLAR-1 study, PIK3CA
mutation is recommended to select candidates for alpelisib in patients
with hormone receptor-positive-positive/HER2-negative metastatic
breast cancer [6]. In HER2-positive breast cancer, PIK3CA mutation was
reported in approximately 20% to 25% of all cases [5]. PI3K pathway
activation, as judged by PIK3CA mutation or loss of PTEN expression,
has been considered as a key effector of HER2 signaling, and can drive
intrinsic resistance to trastuzumab [7].

The evidence from previous studies on the role of PIK3CA mutation
in HER2-positive breast cancer is heterogeneous. In the neoadjuvant
setting, a pooled analysis of five prospective trials confirmed that
PIK3CA mutation was significantly linked to lower pathological com-
plete response (pCR) rates in HER2-positive breast cancer patients after
anti-HER2 therapy and chemotherapy [8]. However, this association
was only confined to dual anti-HER2 therapy with trastuzumab and
lapatinib, but not for single anti-HER2 therapy with trastuzumab or
lapatinib [8]. In contrast, the TRYPHAENA study did not find a pre-
dictive effect of PIK3CA mutation on pCR in patients receiving dual
anti-HER2 therapy with pertuzumab plus trastuzumab as neoadjuvant
treatment [9]. In the adjuvant setting, several clinical trials failed to
demonstrate a predictive effect of PIK3CA mutation on anti-HER2
therapy or its prognostic significance [10-13]. Additionally, although
several studies in the metastatic setting reported an adverse prognostic
effect of PIK3CA mutation in HER2-positive patients treated with
anti-HER2 therapy [14,15], others failed to confirm this effect [16-18].
Therefore, the predictive and prognostic relevance of PIK3CA mutation
within HER2-positive breast cancer treated with anti-HER2 therapy has
not been clearly defined.

This study aimed to comprehensively explore the predictive and
prognostic impact of PIK3CA mutation in HER2-positive breast cancer
treated with anti-HER2 therapy. Additionally, we examined the muta-
tional profile of HER2-positive breast cancer according to the status of
PIK3CA mutation.

Materials and methods

This systematic review and meta-analysis is reported in accordance
with the guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [19]. The protocol was registered in the
Prospective  Register of Systematic Reviews (PROSPERO)
(CRD42022373328).

Search strategy

A comprehensive literature search of PubMed, Embase, and the
Cochrane Library Central Register of Controlled Trials databases was
conducted to identify relevant studies from the inception of each data-
base to Sep 30, 2022. No language or study type restrictions were
applied for the search. The combinations of following Medical Subject
Heading terms or keywords were used: ‘Breast Neoplasms’ AND ‘HER2-
positive’ OR ‘ErbB2-positive’ AND ‘PI3K’ OR ‘PIK3CA’ AND ‘mutation’
OR ‘mutated” AND ‘prognostic’ OR ‘prognosis’ OR ‘prediction” OR
‘outcome’ OR ‘response’ OR ‘survival’ OR ‘death’. The detailed search
strategy is provided in Supplementary Table S1. Conference abstracts
from the American Society of Clinical Oncology and the San Antonio
Breast Cancer Symposium were also carefully reviewed to identify un-
published studies. Additionally, the references of the selected studies,
relevant meta-analyses or reviews were further manually scrutinized to
ensure completeness.
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Selection criteria

Two investigators (HZC and XBH) independently performed the
search and reviewed the list of retrieved records to select potentially
eligible articles. In case of disagreements, the study was discussed, and a
consensus was reached with all investigators. Full-text publications or
unpublished abstracts of original prospective or retrospective studies
were included. To be eligible, studies had to have data available for
assessing the association of PIK3CA mutation with outcome measures in
patients with HER2-positive breast cancer treated with anti-HER2
therapy. There were no restrictions on specific disease stages or treat-
ment settings.

Studies evaluating the effect of PIK3CA mutation on other molecular
subtypes of breast cancer rather than HER2-positive tumors were
excluded. Studies that enrolled patients with HER2-positive breast
cancer but not involved anti-HER2 therapy were also excluded. Reviews,
letters, comments, case reports, study protocols, preclinical or animal
studies, and articles not written in English were excluded. In case of
studies with overlapping patient populations, only the most recent and
complete study was included.

Study endpoints and definitions

Studies should have one of the following outcome measures: (1) pCR,
or disease-free survival (DFS) for the neoadjuvant setting; (2) DFS, or
invasive DFS (iDFS) for the adjuvant setting; (3) objective response rate
(ORR), progression-free survival (PFS), time-to-progression (TTP), or
overall survival (OS) for the metastatic setting. The definitions of study
endpoints depended on each study. Generally, pCR was defined as no
invasive and no non-invasive residuals in breast and lymph nodes (ypTO
ypNO). DFS was defined as the time from randomization of neoadjuvant
therapy [8] or the date of diagnosis [20] (for the neoadjuvant setting), or
the time from randomization of adjuvant therapy (for the adjuvant
setting) [11,13] to disease recurrence (local or distant), contralateral
breast cancer, secondary malignancy or death due to any cause. iDFS
was defined as the time from surgery until invasive breast cancer
recurrence, secondary malignancy or death due to any cause. PFS was
defined as the time from randomization to the first documented pro-
gressive disease or death resulting from any cause. TTP was defined as
the time from randomization to the first documented progressive dis-
ease. OS was defined as the time from randomization to death due to any
cause.

Data extraction and quality assessment

Two investigators (HZC and XBH) independently extracted the data.
For each eligible study, the following data were extracted: the first
author and year of publication, country where the study was conducted,
study design, treatment setting, treatment, number of patients with
PIK3CA mutation and those with wild-type PIK3CA, and outcome
measures stratified by the status of PIK3CA mutation. The pCR rate and
ORR were derived from studies, separately for PIK3CA mutated and
PIK3CA wild-type patients. For time-to-event outcomes, including DFS,
iDFS, PFS, TTP and OS, hazard ratios (HRs) with the corresponding 95%
confidence intervals (CIs) for patients with PIK3CA mutation versus
those with wild-type PIK3CA should be extracted. When HRs from both
univariate and multivariate analyses were available, results from the
multivariate analysis were preferred. When the HR for time-to-event
outcomes was not provided, it was estimated from the Kaplan-Meier
curves based on the approach by Tierney [21]. The quality of included
studies was assessed by two investigators (HZC and DQW) using the
Newecastle-Ottawa scale (NOS) [22].

Bioinformatic analysis of TCGA-BRCA data

Somatic mutation data for breast cancer were downloading from The
Cancer Genome Atlas (TCGA) Genomic Data Commons Data Portal
(https://portal.gdc.cancer.gov/), and related clinical data were extrac-
ted from cBioPortal (https://www.cbioportal.org/). A total of 160
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HER2-positive breast cancer patients with PIK3CA mutation data were
extracted for further analysis, comprising 48 PIK3CA mutated patients
and 112 wild-type patients. The somatic mutations were visualized
using the R maftools package. Somatic alterations in ten canonical
signaling pathways, including Notch, Hippo, cell cycle, MYC, WNT,
TP53, PI3K, TGFp, NRF2 and RTK/RAS [23], were compared between
PIK3CA mutated patients and wild-type patients.

Statistical analysis

The associations of PIK3CA with pCR rate and ORR were assessed by
pooled estimates of the odds ratio (OR) and associated 95% ClIs using the
Mantel-Haenszel fixed-effects model [24] or the DerSimonian-Laird
random-effects model [25]. For time-to-event outcomes, the pooled
HRs with 95%CIs were calculated. Heterogeneity between studies was
estimated by the Cochran’s Q-test and I? statistic. Heterogeneity was
classified as low (IZ <25%), moderate (25%§12<50%), and high (12250)
[26]. When the heterogeneity was less than 50%, the fixed-effects model
was applied to pool the results; otherwise, the random-effects model was
used. To assess the stability and consistency of the pooled results,
sensitivity analyses were conducted using a leave-one-out approach. The
publication bias was evaluated using visual inspection of funnel plots, as
well as the Begg’s and Egger’s tests [27,28]. All reported p-values are
two-sized, with a p-value of <0.05 indicating statistically significant. All
statistical analyses were done with Stata version 15.0 (Stata Corpora-
tion, College Station, TX, USA).
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Results
Literature search results

A total of 961 publications were retrieved through database
searching, while an additional 20 records were identified from other
sources. After removing duplicated records, 772 studies were retained.
Following the review of titles and abstracts, 664 publications were
excluded. Upon assessing the full text of articles, 42 studies fulfilled the
inclusion criteria. Additionally, one recently published study that met
the inclusion criteria was included after the initial database searching
[29]. Consequently, 43 studies were included in this meta-analysis,
consisting of 41 publications [8,9,11,13-18,20,29-59]and two ab-
stracts [60,61] (Fig. 1).

Characteristics of identified studies and quality assessment

The baseline characteristics of the included studies are presented in
Table 1. Of the 43 studies, 20 studies enrolled patients treated with anti-
HER?2 therapies in the neoadjuvant setting [8,9,20,29,30,32-42,45-47,
601, with five studies in the adjuvant setting [11,13,48,49,61], 14 in the
metastatic setting [14-18,50,52-59], one study in both the neoadjuvant
and adjuvant settings [31], and three in neoadjuvant, adjuvant and
metastatic settings [43,44,51]. Most of these studies were exploratory or
post-hoc analyses of prospective clinical trials. Notably, the study by
Loibl et al. published in 2016 was a pooled analysis using individual
patient data from five prospectively randomized neoadjuvant trials that
assessed the effect of PIK3CA status on pCR [8], including the Gepar-
Quattro [62], GeparQuinto (NCT00288002), GeparSixto [63], Neo-
ALTTO [64], and CHERLOB [65] trials. Due to overlapping patient

Records identified through
database searching (n=961)

Additional records identified
through other sources (n=20)

v

v

| Duplicated records removed (n=209) |

v

Records screened for titles and abstracts

(n=772)
therapy (n=269)
> (n=130)
\ 4

Records excluded (n=664)
Not HER2-positive breast cancer or no anti-HER2

Reviews, comments, letters or case reports
Preclinical or animal study (n=127)

Irrelevant topics (n=117)
Study protocol (n=21)

(n=108)

Full-text articles screened for eligibility

Late-published article included after
database searching (n=1)

Articles excluded (n=66 )

Duplicated reported studies (n=13)

No available outcomes or absence of required data
(n=47)
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Adjuvant setting (n=5)
Metastatic setting (n=14)

Studies included in meta-analysis (n=43)

Neoadjuvant and adjuvant (n=1)
Neoadjuvant, adjuvant and metastatic (n=3)

Fig. 1. Flow diagram of study selection. HER2, human epidermal growth factor receptor 2.
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Table 1
Main characteristics of the studies in primary HER2-positive breast cancer treated with anti-HER2 therapy.
First Author Year Country Study Original study Treatment setting ~ Treatment Anti-HER2 No. of Rate of End
center design therapy PIK3CA PIK3CA points
MT/WT* MT*
Bianchini 2017  Global Multicenter ~ Prospective Neoadjuvant T+Hvs.T+H+Pyvs. HorH + P 88/185 32.2% pCR
[30] cohort H+Pys. T+P
Cizkova [31] 2013  France Single Prospective phase Neoadjuvant and A-based Chemo—T+H H 17/63 21.3% DFS
center 11, randomized, adjuvant (neoadjuvant and
two arms adjuvant or only
adjuvant)
Cocciolone 2018  Italy Single Prospective phase Neoadjuvant ddAC—ddT + H H 4/17 19.0% PCR,
[32] center 1/11, single arm DFS
Hanusch 2015  Germany Multicenter ~ Prospective phase Neoadjuvant Afatinib + T-DM1 or 13/48 21.3% pCR
[33] 11, single arm H—Afatinib + T H
+H—-AC + H
Harbeck [34] 2021  Germany Multicenter ~ Prospective phase Neoadjuvant T-DM1vs.T-DM1 +ET H 31/159 16.3% pCR
1I, randomized, vs. H + ET
three arms
Huang [35] 2015  China Multicenter ~ Prospective phase Neoadjuvant TCb + H vs. H + AT H 30/47 39.0% pCR
11, randomized,
two arms
Irelli [36] 2022  Italy Multicenter ~ Retrospective Neoadjuvant AT+HorAT+H+P HorH+L 8/30 21.1% pCR
Li [37] 2021  China Single Retrospective Neoadjuvant TCb+HorTCh+H+ H, L orH 22/18 55.0% pCR
center L +L
Loibl [8] 2016  Global Multicenter ~ Prospective Neoadjuvant T-based chemo + H vs. H+P 210/757 21.7% PCR,
T-based chemo + L vs. DFS,
T-based chemo + H + L oS
Loibl [38] 2019  Germany Multicenter ~ Prospective, Neoadjuvant Nab-paclitaxe + H+ H+L 63/232 21.4% pCR
randomized, two P—>ACvs. T+ H+
arms P-AC
Rimawi [39] 2018  USA Multicenter ~ Prospective phase Neoadjuvant H+ L +ET H 14/32 30.4% pCR
II, single arm
Sueta [40] 2014  Japan Single Retrospective Neoadjuvant H-based combinations HorH+L 7/36 16.3% pCR
center
Toomey [41] 2017  Ireland Multicenter ~ Prospective phase Neoadjuvant TCb + Hvs. TCb + L vs. HorH+L 17/52 24.6% pCR
11, randomized, TCb+H+ L
three arms
Dave [42] 2011 USA Multicenter =~ Two prospective Neoadjuvant T+HT+H+L H+P 15/47 24.6% pCR
phase II, single
arm
Schneeweiss 2014  Global Multicenter ~ Prospective phase Neoadjuvant FAC+H+ Pyvs. H 39/126 23.6% pCR
[9] 11, randomized, FAC—T+ H + Pvs.
three arms TCb + H + P
Barbareschi 2012  TItaly Single Retrospective Neoadjuvant, H-based combinations HorH+P  25/104 19.4% PCR,
[43] center adjuvant, and ORR
metastatic
Kim [44] 2022  Korea Single Retrospective Neoadjuvant, H or H+ P based Pyrotinib + 34/56 37.8% PCR,
center adjuvant, and combinations H PFS
metastatic
Yin [45] 2022  China Single Prospective phase Neoadjuvant Pyrotinib + H+ T+ H 13/40 24.5% pCR
center 11, single arm cisplatin
Yuan [20] 2015  China Single Retrospective Neoadjuvant H-based combinations T-DM1+P, 16/25 39.0% PCR,
center orH+P DFS,
DDFS
Haas [60] 2017  Global Multicenter ~ Prospective phase Neoadjuvant T-DM1+Pvs. TCb+H H 114/311 26.8% pCR
111, randomized, +P
two arms
Loibl [46] 2017  Global Multicenter ~ Prospective phase Neoadjuvant Buparlisih + H+ Tvs. T H, L, orH 8/42 16.0% pCR
11, randomized, +H +L
two arms
Carey [47] 2016  Global Multicenter ~ Prospective phase Neoadjuvant T+Hvs.T+Lvs. T+  Pyrotinib + 36/145 19.9% pCR
111, randomized, H+1L H
three arms
Shi [29] 2022  China Single Prospective phase Neoadjuvant AC + pyrotinib-T+ H H 19/26 42.2% pCR
center II, single arm + pyrotinib
Fountzilas 2016  Greece Multicenter Retrospective Adjuvant AT—CMF, or H 63/214 22.7% DFS
[48] A—CMF-T, both
followed by H
Guarneri 2020  Italy, Multicenter Prospective phase Adjuvant AC-T+ Hvs. T+ H 174/629 21.7% DFS
[13] Spain 111, randomized, H-FEC
two arms
Jensen [49] 2012 Denmark Multicenter Prospective, Adjuvant EFC, followed by H H+P,orT- 61/176 25.7% iDFS,
single arm DM1 + P 0os
Metzger [61] 2021  Global Multicenter ~ Prospective phase Adjuvant AC—-T+H+Pyvs. H 525/1251 29.6% iDFS

11, randomized,
two arms

AC—T-DM1 + P

(continued on next page)
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Table 1 (continued)
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First Author Year Country Study Original study Treatment setting ~ Treatment Anti-HER2 No. of Rate of End
center design therapy PIK3CA PIK3CA points
MT/WT* MT*
Pogue-Geile 2015  Global Multicenter ~ Prospective phase Adjuvant AC—T+ Hvs. AC>T HorH+P  166/505 24.7% DFS
[11] 111, randomized,
two arms
Baselga [14] 2014  Global Multicenter ~ Prospective phase Metastatic, first- T+H+Pvs T+H T-DMlorL 176/381 31.6% PFS
111, randomized, line
two arms
Baselga [15] 2016  Germany Multicenter ~ Prospective phase Metastatic, T-DM1vs. X +L H 79/180 30.5% PFS,
111, randomized, previously ORR,
two arms treated 0s
Gogas [50] 2016  Greece Multicenter ~ Retrospective Metastatic, any H-based combinations H 17/88 16.2% TTP,
line oS
Guo [51] 2021 China Multicenter Prospective Neoadjuvant, H-based combinations H 174/439 28.4% ORR
adjuvant, and
metastatic
Kotoula [52] 2019 Greece, Multicenter Retrospective Metastatic, first- H-based combinations L 26/80 24.5% TTP,
Australia line 0os
Nishimura 2017 Japan Multicenter Retrospective Metastatic, X+L H, T-DM1, 20/49 29.0% ORR,
[53] previously or T-DM1 PFS,
treated + 0os
P
Perez [54] 2019 Global Multicenter Prospective phase Metastatic, first- T + Hvs. T-DM1 vs. T- N, L 263/723 26.7% PFS
111, randomized, line DM1 + P
three arms
Saura [16] 2021 Spain Multicenter ~ Prospective phase Metastatic, X+ Nvs.L+X L 143/277 34.0% PFS
111, randomized, previously
two arms treated
Wang [55] 2011 China Multicenter Prospective, Metastatic, L+X L 7/50 12.3% ORR
single arm previously
treated
Xu [56] 2014 Global Multicenter Prospective phase Metastatic, first- T+ Lvs. T L 65/106 38.0% ORR
111, randomized, line
two arms
Xu [18] 2011 China Multicenter Prospective, Metastatic, any L+X LorH 11/27 28.9% ORR,
single arm line PFS
Kim [17] 2019 Five Asian Multicenter Retrospective Metastatic, any L or H-based T-DM1 + P 48/106 31.2% PFS
countries line combinations
Krop [57] 2012 USA Multicenter ~ Prospective phase Metastatic, T-DM1 T-DM1 + P 11/49 18.3% ORR
II, single arm previously
treated
Miller [58] 2014  Global Multicenter ~ Prospective phase Metastatic, any T-DM1 + P T-DM1 or 12/35 25.5% ORR
IIa, single arm line H
Kim [59] 2016  Global Multicenter ~ Prospective phase Metastatic, T-DM1 vs. TPC HorH+P  65/187 25.8% PFS
111, randomized, previously
two arms treated

* The number of patients shown here was based on cases with HER2-positive breast cancer receiving anti-HER2 therapy in each study. The number of patients who
had breast cancer with other subtypes or did not receive anti-HER2 therapy was not presented here.

Abbreviations: HER2, human epidermal growth factor receptor-2; MT, mutation; WT, wild type; pCR, pathological complete response; DFS, disease-free survival;
0S8, overall survival; PFS, progression-free survival; ORR, overall response rate; DDFS, distant disease-free survival; iDFS, invasive disease-free survival; TTP, time to
progression; H, trastuzumab; L, lapatinib; P, pertuzumab; T, taxanes; A, anthracyclines; C, cyclophosphamide; Cb, carboplatin; F, fluorouracil; M, methotrexate; X,
capecitabine; N, neratinib; Chemo, chemotherapy; ET, endocrine therapy; TPC, treatment of physician’s choice; dd, dose-dense; T-DM1, trastuzumab emtansine.

populations, these five studies were not included in this meta-analysis.
All included studies were published between 2011 and 2022, covering
11,099 patients with available PIK3CA mutation data. Nine studies were
conducted at a single center [20,29,31,32,37,40,43-45], and the
remaining 34 were muti-center studies. The majority of studies
employed anti-HER2 therapy in combination with chemotherapy or
endocrine therapy, except for two studies [57,58], and one treatment
arm within other five studies [30,34,54,59,60]. Regarding anti-HER2
agents, 24 studies utilized single-agent anti-HER2 therapy with trastu-
zumab, lapatinib, neratinib or trastuzumab emtansine (T-DM1) [11,13,
15-18,20,31,32,34,35,40,43,46,48-53,55-57,59].  Conversely, the
remaining 19 studies employed single-agent, or dual-agent anti-HER2
therapy involving the combination of trastuzumab and pertuzumab,
trastuzumab plus lapatinib, afatinib plus trastuzumab, T-DM1 plus
pertuzumab, or pyrotinib plus trastuzumab [8,9,14,29,30,33,36-39,41,
42,44,45,47,54,58,60,61]. The overall rate of PIK3CA mutation was
36.8%, with the frequency for each study ranging from 12.3% to 55%.

The quality scores of included studies according to the NOS were

listed in Supplementary Table S2. Two studies had a score of six points,
and 18 studies had a score of seven points, indicating a moderate
quality. The remaining studies were considered as having high quality,
with 13 and 10 studies achieving eight and nine points, respectively.

Effect of PIK3CA mutation on pCR and DFS in the neoadjuvant setting

In the neoadjuvant setting, 22 studies covering 3361 patients re-
ported data on pCR rate according to PIK3CA status [8,9,20,29-47]. The
reported pCR rates varied from 0% to 80% for patients with PIK3CA
mutation and from 12.8% to 80.8% for PIK3CA wild-type patients
(Supplementary Table S3). According to the fixed-effects model, PIK3CA
mutation was significantly associated with a reduced pCR rate, with a
pooled OR of 0.23 (95%CI 0.19-0.27, p<0.001) (Fig. 2). There was no
evidence of inter-study heterogeneity (IZ=0%, p = 0.670).

Only four studies in the neoadjuvant setting provided DFS data ac-
cording to PIK3CA status [8,20,31,32]. None of these four studies found
a significant association between PIK3CA status and DFS. The pooled



H. Chen et al.

Translational Oncology 37 (2023) 101738

Study OR (95% Cl) % Weight (M-H)
Bianchini 2017 —_—— 0.31(0.17,0.57) 8.84
Cocciolone 2018 L 0.25(0.02,3.77) 0.49
Hanusch 2015 —_— 0.19 (0.05,0.76) 2.00
Harbeck 2021-1 —_— 0.08 (0.02,0.27) 4.10
Harbeck 2021-2 - 0.17 (0.02, 1.65) 1.01
Huang 2015 — — 0.57 (0.22, 1.47) 253
Irelli 2022 - - 0.62 (0.09, 4.40) 0.57
Li 2021 —_— 0.50 (0.15, 1.66) 1.74
Loibl 2016 —— 0.15(0.10,0.23) 29.24
Loibl 2019 —_— 0.19 (0.10, 0.36) 9.20
Rimawi 2018 *— 0.11 (0.01,1.01) 1.47
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Fig. 2. Forest plot of association between PIK3CA mutation and pathological complete response for HER2-positve breast cancer patients treated with anti-HER2
therapy in the neoadjuvant setting. HER2, human epidermal growth factor receptor 2.

analysis found no significant difference in DFS between PIK3CA mutated
patients and wild-type patients (HR=1.18, 95%CI 0.85-1.63, p = 0.329;
=29.0%, p = 0.238) (Supplementary Figure S1).

Effect of PIK3CA mutation on pCR according to anti-HER2 agents

The association between PIK3CA mutation and pCR rate was further
assessed in the context of single- or dual-agent anti-HER2 therapy. A
total of 13 studies, encompassing 1378 patients treated with single-
agent anti-HER2 therapy, had available pCR data according to PIK3CA
status [8,9,20,30,32,34,35,40-44,46]. Patients harboring PIK3CA mu-
tation exhibited a reduced pCR rate compared to those with wild-type
PIK3CA (OR=0.24, 95%CI 0.18-0.32, p<0.001; I’=0%, p = 0.782)
(Fig. 3A). As for dual-agent anti-HER2 therapy, data on pCR rate was
given in 11 studies involving 1540 patients [8,29,30,33,38,39,41,42,44,
45,60]. Likewise, a statistically significant disadvantage in pCR rate was
observed for PIK3CA mutated patients compared with wild-type patients
(OR=0.21, 95%CI 0.16-0.27, p<0.001; ’=0%, p = 0.844) (Fig. 3B).

Effect of PIK3CA mutation on pCR according to the status of hormone
receptor

The association between PIK3CA mutation and pCR rate was also
examined separately for hormone receptor-negative patients and hor-
mone receptor-positive patients. Data on pCR rate were derived from
four studies involving hormone receptor-negative patients [8,29,30,32],
and from five studies covering hormone receptor-positive patients [8,29,
30,32,34]. Among hormone receptor-negative patients, a significant
association between PIK3CA mutation and a lower pCR rate was
observed (OR=0.23, 95%CI 0.15-0.36, p<0.001; P=0%, p = 0.918)
(Fig. 4A). For hormone receptor-positive patients, the detrimental effect

of PIK3CA mutation on pCR rate was more obvious, with a pooled OR of
0.13 (95%CI 0.08-0.21, p<0.001). No heterogeneity was demonstrated
between studies (12:14.6%, p = 0.321) (Fig. 4B).

Effect of PIK3CA mutation on DFS and iDFS in the adjuvant setting

A total of four studies were available for assessing the effects of
PIK3CA mutation on DFS in the adjuvant setting [11,13,31,48]. There
was no significant difference in DFS between patients with PIK3CA
mutation and those with wild-type PIK3CA (HR=0.84, 95%CI
0.66-1.08, p = 0.179; 12:26.5%, p = 0.245) (Supplementary
Figure S2A). Only two studies evaluated the effect of PIK3CA mutation
on iDFS [49,66]. No statistical association between PIK3CA status and
iDFS was noted, with a pooled HR of 1.24 (95%CI 0.93-1.65, p = 0.141)
and no evidence of heterogeneity (F=0%, p = 0.732) (Supplementary
Fig. S2B).

Effect of PIK3CA mutation on response and survival outcomes in the
metastatic setting

The analysis for ORR in the metastatic setting included nine studies
covering 638 patients [15,18,43,51,53,55-58]. The pooled analysis
demonstrated that PIK3CA mutation was significantly associated with
inferior ORR compared with wild-type PIK3CA (OR=0.26, 95%CI
0.17-0.40, p<0.001), without heterogeneity (?=0%, p = 0.692)
(Fig. 5A).

For the meta-analysis of PFS, nine studies were included [14-18,44,
53,54,59]. Based on a random-effects model, patients with mutated
PIK3CA had a significantly worse PFS than those harboring wild-type
PIK3CA (HR=1.28, 95%CI 1.03-1.59, p = 0.024). There was a high
level of heterogeneity (12:75.8%, p<0.001) (Fig. 5B). Data on TTP
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Fig. 3. Forest plot of association between PIK3CA mutation and pCR for HER2-positve breast cancer patients treated with anti-HER2 therapy according to anti-HER2
agents. (A) Association between PIK3CA mutation and pCR for patients receiving neoadjuvant single-agent anti-HER2 therapy; (B) Association between PIK3CA
mutation and pCR for patients receiving neoadjuvant dual-agent anti-HER2 therapy. pCR, pathological complete response; HER2, human epidermal growth factor
receptor 2.

according to the status of PIK3CA were available for only two studies
[50,52]. Compared with wild-type PIK3CK, PIK3CK mutation was
significantly associated with a higher risk of disease progression
(HR=2.27, 95%CI 1.54-3.34, p<0.001; I’=0%, p = 0.864) (Supple-
mentary Figure S3). As for the analysis of OS, data for comparison be-
tween mutated and wild-type PIK3CA were derived from four studies
[15,50,52,53]. Compared with wild-type PIK3CA, PIK3CA mutation
seemed to be associated with a higher risk of death, but without

statistical significance according to a random-effects model (HR=1.29,
95%CI 0.79-2.11, p = 0.315; P=76.9%, p = 0.002) (Fig. 5C).

Sensitivity analysis and publication bias

Sensitivity analyses were conducted to examine the influence of in-
dividual studies on pooled results by excluding one study at each time.
For the pooled analysis of OS in the metastatic setting, the overall results
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Fig. 4. Forest plot of association between PIK3CA mutation and pCR for HER2-positve breast cancer patients treated with anti-HER2 therapy according to hormone
receptor status. (A) Association between PIK3CA mutation and pCR for hormone receptor-negative patients; (B) Association between PIK3CA mutation and pCR for
hormone receptor-positive patients. pCR, pathological complete response; HER2, human epidermal growth factor receptor 2.

would be altered after removing a sub-cohort (the T-DM1 arm) of the
study by Baselga et al. which might contribute to the observed high
heterogeneity [15](Supplementary Figure S4). After removing this, the
pooled HR for OS comparing PIK3CA mutation versus wild type was
1.70 (95%CI 1.32-2.20, p<0.001), and there was no evidence of het-
erogeneity (P=0%, p = 0.903) (Supplementary Figure S5). For other
pooled analyses, the overall results were not significantly changed after
excluding each study, demonstrating the stability and consistency of the
pooled results (Supplementary Figure S6-S14).

The funnel plots for effect sizes in all pooled analyses, except for the
HR for DFS in the neoadjuvant setting and the OR for ORR, were sym-
metric (Supplementary Figure S15-S24). According to the results of
Begg’s and Egger’s test, there was no publication bias in all meta-
analyses with the exception of the pooled analysis of DFS in the neo-
adjuvant setting (p = 0.734 for Begg’s test, and p = 0.020 for egger’s
test), and ORR (p = 0.107 for Begg’s test, and p = 0.034 for egger’s test)
which suggested there might be a potential publication bias (Supple-
mentary Table S4).

Mutational landscape of HER2-positive breast cancer according to PIK3CA
mutation status

The mutational profile for 160 patients with HER2-positive breast
cancer from TCGA was analyzed according to PIK3CA mutation status.

The baseline characteristics for these patients are shown in Supple-
mentary Table S5. Among 48 patients with PIK3CA mutation, the most
common variation was TP53 mutation (40%), followed by mutations in
TTN (19%), MUC4 (15%), CDH1 (12%), KMT2C (12%), MUC16 (12%),
FAT1 (8%), NEB (8%), PTEN (8%), SPEN (8%) and TAFIL (8%)
(Fig. 6A). Among 112 patients with wild-type PIK3CA, the top-ranking
mutated genes were TP53 (42%), GATA (12%), TTN (12%), MAP3K1
(8%), MUC16 (8%), MUC4 (7%) and SYNE2 (7%) (Fig. 6A). Undoubt-
edly, the mutational frequencies in the PI3K pathway were significantly
higher in the PIK3CA mutated group than those in the PIK3CA wild-type
group (100% vs. 12.5%, P<0.001) (Fig. 6B). However, there was a
tendency towards lower mutational frequencies in the RTK/RAS
pathway in the PIK3CA mutated group compared to the wild-type group
(10.4% vs. 22.3%, P = 0.122) (Fig. 6B).

Discussion

This study demonstrated that PIK3CA mutation was associated with
a lower pCR rate in HER2-positive breast cancer patients undergoing
neoadjuvant anti-HER2 therapy. The detrimental impact of PIK3CA
mutation on pCR remained consistent regardless of whether single-agent
or dual-agent anti-HER2 therapy was administered. The deleterious ef-
fect of PIK3CA mutation on the pCR rate was particularly pronounced in
hormone receptor-positive patients. However, there was no significant



H. Chen et al.

Translational Oncology 37 (2023) 101738

A Study OR (95% Cl) % Weight (M-H)
Baselga 2016-1 —i—’— 0.42 (0.16, 1.06) 15.26
Baselga 2016-2 + 0.24 (0.09, 0.67) 18.64
Guo 2021 ¢ - ' 0.03 (0.00, 0.56) 9.73
Nishimura 2017 + 0.18(0.04,0.72) 12.25
Wang 2011 _— 0.08 (0.01,0.86) 6.59
Xu 2014 —i—’— 0.39 (0.14, 1.06) 13.47
Xu 2011 —‘:0—— 0.33 (0.07, 1.56) 6.41
Barbareschi 2012 _QE_ 0.09 (0.01,0.90) 3.78
Krop 2012 + 0.22(0.05, 1.00) 8.01
Miller 2014 —— 0.45 (0.10, 2.01) 5.87
M-H Overall (l-squared = 0.0%, p = 0.692) 0 0.26 (0.17, 0.40) 100.00
D+L Overall Q) 0.28 (0.18, 0.42)

)
:
T : T
.00147 81
favors PIK3CAWT favors PIK3CA MT

B Study HR (95% Cl) % Weight (D+L)
Baselga 2014 -é'.— 1.48 (1.15, 1.91) 11.94
Baselga 2016-1 -—QI'— 1.25(0.90, 1.74) 10.76
Baselga 2016-2 |~ 185(1.36,251) 11.13
Nishimura 2017 —0——?— 0.83(0.48,1.45)  7.39
Perez 2019 - 156 (1.31,1.86)  13.07
Saura 2021 —.:— 1.22 (0.95, 1.54) 12.13
Xu 2011 T 1.01(0.25,4.16)  2.03
Kim 2022 : ——> 4.60 (2.06, 10.51) 4.71
Kim 2019 _'.5_ 1.20 (0.50, 2.70) 4.51
Kim 2016-1 —_ E 0.68 (0.50,0.93)  11.07
Kim 2016-2 —0—'- 1.04(0.77,1.40) 11.25
D+L Overall (l-squared = 75.8%, p = 0.000) 0 1.28 (1.03, 1.59) 100.00
|-V Overall <> 1.31(1.20, 1.44)

NOTE: Weights are from random effects analysis i
.09I51 10I.5
favors PIK3CA MT favors PIK3CA WT

c Study HR (95% Cl) % Weight (D+L
Baselga 2016-1 _—— i 0.58 (0.37,0.91) 22.43
Baselga 2016-2 i—‘— 1.80 (1.27,2.56) 24.17
Gogas 2016 —- 1.56 (0.83,2.91) 19.03
Kotoula 2019 —é—‘— 1.74 (1.04,2.91) 21.16
Nishimura 2017 < > 1.25(0.47,3.33) 13.20
D+L Overall (l-squared = 76.9%, p = 0.002) <:i> 1.29 (0.79, 2.11) 100.00
IV Overall <> 1.31 (1.05, 1.64)

NOTE: Weights are from random effects analysis i
T T T

favors PIK3CA MT

3.33
favors PIK3CAWT

Fig. 5. Forest plot of association between PIK3CA mutation and outcome measures for HER2-positve breast cancer patients treated with anti-HER2 therapy in the
metastatic setting. (A) Association between PIK3CA mutation and ORR; (B) Association between PIK3CA mutation and PFS; (C) Association between PIK3CA mu-
tation and OS. HER2, human epidermal growth factor receptor 2; ORR, objective response rate; PFS, progression-free survival; OS, overall survival.

difference in DFS between patients with PIK3CA mutation and those
with wild type, neither in the neoadjuvant nor the adjuvant setting. In
the metastatic setting, PIK3CA mutation predicted for worse ORR, PFS
and TTP, but not for OS. In addition, the bioinformatic analysis of TCGA
breast cancer data revealed distinct mutational landscapes between
PIK3CA mutated and wild-type HER2-positive breast cancer. To the best

of our knowledge, this study represents the largest and most compre-
hensive meta-analysis assessing the effect of PIK3CA mutation on clin-
ical outcomes in patients with HER2-positive breast cancer undergoing
anti-HER2 therapy.

The results of current study were partly consistent with a previous
meta-analysis by Ibrahim et al., which also examined the predictive and
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Fig. 6. Somatic mutations and signaling pathways in HER2-positive breast cancer from TCGA dataset. (A) The oncoprint of somatic mutations for PIK3CA mutated
patients (left side, n = 48) and that for PIK3CA wild-type patients (right side, n = 112); (B) The bar-graph showing comparisons of ten canonical signaling pathways
between PIK3CA mutated patients and PIK3CA wild-type patients. An asterisk (*) indicates the significant difference in mutational frequencies of the signaling
pathway between PIK3CA mutated and wild-type patients. HER2, human epidermal growth factor receptor 2; TCGA, The Cancer Genome Atlas.

prognostic utility of PIK3CA mutation in HER2-postive breast cancer
receiving anti-HER2 therapy [67]. However, pooled analyses for several
outcome measures were not done in that study, including DFS for
mutated versus wild-type PIK3CA in the adjuvant setting, and OS for
mutated versus wild-type PIK3CA in the metastatic setting. In addition,
the predictive effect of PIK3CA on pCR rates when taking consideration
into single- or dual-agent anti-HER2 therapy and hormone receptor
status was not addressed in that study, owing to limited number of
included studies. We updated the systematic research and included
additional studies that have been published since the last date for in-
clusion of the study by Ibrahim et al. [67]. This may largely explain the
conflicting results regarding the association of PIK3CA mutation with

ORR and PFS observed between our study and that study [67]. The
present meta-analysis, with a much larger sample size, provides robust
statistical evidence supporting the predictive and prognostic value of
PIK3CA mutation in HER2-positive breast cancer patients receiving
anti-HER2 therapy.

Aberrant activation of the PI3K/AKT/mTOR pathway, primarily
driven by mutations in PIK3CA or loss of PTEN expression, leads to
constitutive pathway activation downstream of HER2, which can result
in the decreased sensitivity of anti-HER2 therapies [7]. Mutations in
PI3K can enhance HER2-mediated transformation through promoting
heregulin production and activating HER3 [68]. A preclinical study
showed that PIK3CA accelerated HER2-mediated breast epithelial
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transformation and metastatic progression [69]. Moreover, PIK3CA
mutations modified the intrinsic phenotype of HER2-overexpressing
cancers, and induced resistance to anti-HER2 therapies [69]. HER2
and mutant PI3K collaborate to promote the establishment and meta-
static progression of mammary tumors. Consequently, PIK3CA muta-
tions may partly contribute to resistance to HER2-targeted agents.
This study demonstrated a significant association between PIK3CA
mutation and a lower pCR rate, even in patients treated with dual-agent
anti-HER2 therapy as neoadjuvant treatment. This finding further sup-
ports preclinical evidence that activating PIK3CA mutation may mediate
resistance to trastuzumab alone, and in combination with lapatinib or
pertuzumab [69], or lapatinib alone [70]. In contrast, T-DM1 exhibited
potent activity in cell lines and xenograft models with PIK3CA mutation,
probably due to its cytotoxic activity [15]. However, this observation
does not align conclusively with the clinical findings from previous
studies. In the ADAPT trial, a lower pCR rate (21.1% vs. 48.1%, p = 0.04)
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was observed in PIK3CA mutated patients than wild-type patients when
treated with T-DM1-based therapy [34]. Similarly, in the KRISTINE
trial, PIK3CA mutation was associated with numerically lower pCR rates
(31.1% vs. 51.0%) in patients receiving T-DM1 plus pertuzumab [60].
These results suggest that PIK3CA mutation may be also responsible for
resistance to T-DM1. However, the results in the metastatic setting
appeared to be in contrast with data from the neoadjuvant setting. In the
EMILIA trial, PIK3CA mutated patients had shorter median PFS and OS
for the capecitabine plus lapatinib arm, but not for the T-DM1 arm,
suggesting the activity of T-DM1 against PIK3CA-mutated metastatic
breast cancer [15]. Likewise, the TH3RESA trial showed that PFS benefit
was obtained with T-DM1 versus treatment of physician’s choice irre-
spective of PIK3CA status [59]. Due to limited number of included
studies, we were unable to perform pooled analyses specifically for
T-DM1 treatment. It would be valuable to further assess the predictive
effect of PIK3CA mutation on efficacy of anti-HER2 antibody-drug

Table 2
Clinical trials of PI3K inhibitors combined with anti-HER2 therapy in HER2-positive breast cancer.
Identifier Study Study design Treatment setting Treatment Biomarker No. Status
center selected”
NCT04208178  Multicenter Part 1: Open-label, safety run-in part; Part =~ Metastatic, Part 1: Alpelisibz + H + P; Part 2: ~ PIK3CA MT 511 Recruiting
2: Randomized, double-blind, placebo- maintenance Alpelisib + H + P vs. Placebo + H
controlled, phase IIT therapy +P
NCT05306041  Multicenter Randomized, open-label, phase II Neoadjuvant Inavolisib + H+ P + ET vs. H+ P PIK3CA MT 170  Not yet
+ ET recruiting
NCT04108858  Multicenter Randomized, open-label, phase Ib/II Metastatic, Phase Ib: Copanlisib + H + P; PI3K- 12 Recruiting
maintenance Phase II: Copanlisib + H+ Pvs. H  activated
therapy +P
NCT05230810  Multicenter Single arm, open-label, phase Ib/II Metastatic Alpelisib + tucatinib + PIK3CA MT 40 Recruiting
fulvestrant
NCT01816594  Multicenter Randomized, double-blind, placebo- Neoadjuvant Buparlisib (BKM120) + H + Unselected 50 Completed
controlled, phase II paclitaxel vs. Placebo + H +
paclitaxel
NCT05063786 Multicenter Randomized, open-label, phase II Metastatic, Alpelisib + H =+ fulvestrant vs.H PIK3CA MT 300 Recruiting
previously treated + CT
NCT02947685 Multicenter Randomized, open-label, phase III Metastatic, Palbociclib + H+ P + ET vs. H+ Unselected 496 Active, not
maintenance P+ ET recruiting
therapy
NCT01589861  Multicenter Single arm, open-label, phase Ib/II Metastatic, Buparlisib (BKM120) + lapatinib ~ PI3K- 106  Suspended
previously treated activated
NCT04253561 Multicenter Single arm, open-label, phase Ib Metastatic, Ipatasertib + H + P PIK3CA MT 25 Recruiting
maintenance
therapy
NCT03767335 Multicenter Open-label, dose-escalation, phase Ib Metastatic, MEN1611 + H + Fulvestrant PIK3CA MT 62 Active, not
previously treated recruiting
NCT02038010  Multicenter Single arm, open-label, phase I Metastatic, Alpelisib (BYL719) + T-DM1 Unselected 17 Completed
previously treated
NCT01132664  Multicenter Single arm, open-label, phase Ib/Ila Metastatic, Buparlisib (BKM120) + H + Unselected 72 Completed
previously treated capecitabine
NCT03765983 Single Single arm, open-label, phase II Metastatic, GDC-0084 + H Unselected 47 Recruiting
center previously treated
NCT01471847 Multicenter Phase Ib: Single arm, open-label; Phase II: Metastatic, Phase Ib: BEZ235 + H; Phase II: Unselected 5 Completed
Randomized, open-label previously treated BEZ235 + H vs. Lapatinib +
capecitabine
NCT01042925 Multicenter Non-randomized, open-label, phase 1/2 Metastatic, Pilaralisib (XL147) + H (arm 1), Unselected 42 Completed
previously treated or pilaralisib + H + paclitaxel
(arm 2)
NCT00736970  Multicenter Single arm, open-label, phase I Metastatic, Ridaforolimus + H Unselected 34 Completed
previously treated
NCT04736589 Multicenter Randomized, open-label, phase III Metastatic, Inetetamab + rapamycin + CT PI3K- 270 Not yet
previously treated vs. pyrotinib + CT activated recruiting
NCT00876395  Multicenter Randomized, double-blind, placebo- Metastatic, first- Everolimus + paclitaxel + H vs. Unselected 719  Completed
controlled, phase II line Placebo + paclitaxel + H
NCT01007942 Multicenter Randomized, double-blind, placebo- Metastatic, Everolimus + vinorelbine + H vs. Unselected 569 Completed
controlled, phase II previously treated Placebo + vinorelbine + H
NCT02705859  Multicenter Single arm, open-label, phase Ib/II Metastatic, Copanlisib + H Unselected 26 Completed
previously treated
NCT01305941  Multicenter Single-arm, open-label phase II Metastatic, Everolimus + H + vinorelbine Unselected 32 Completed
previously treated
NCT00674414  Multicenter Randomized, open-label, phase II Neoadjuvant H + everolimus vs. H Unselected 82 Completed

" This refers to whether the study included PIK3CA mutation or PI3K pathway activation as a biomarker for patient selection at enrollment.
Abbreviations: PI3K, phosphoinositide 3-kinase; HER2, human epidermal growth factor receptor; MT, mutation; H, trastuzumab; P, pertuzumab; ET, endocrine

therapy; CT, chemotherapy; T-DM1, trastuzumab emtansine; No., Number.
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conjugates like T-DM1 or other novel drugs.

Although PIK3CA mutation was linked with a lower pCR rate after
chemotherapy and anti-HER2 therapy, it was not the case for DFS.
Moreover, the present study demonstrated that there was no association
between PIK3CA mutation and DFS in the adjuvant setting, though this
finding was not very conclusive owing to the small number of studies
included. The NSABP B-31 and FinHER trials demonstrated that PIK3CA
mutation could not predict reduced benefit from adjuvant trastuzumab
[10,11]. Similarly, the ExteNET trial failed to identify PIK3CA alteration
as a predictive marker of response to adjuvant neratinib in
HER2-positive breast cancer [12]. Given these results, there may be a
discrepancy in the relevance of PIK3CA mutation with pCR and
long-term survival like DFS. However, the underlying mechanism for
this discrepancy remains unclear. One possible explanation may be the
hypothesis that there is a distinct role of PIK3CA mutation between
macroscopic (neoadjuvant and metastatic) and microscopic disease
[13]. Additionally, the association of PIK3CA with DFS may vary across
molecular intrinsic subtypes, and PIK3CA mutation showed a favorable
prognostic impact on DFS in the PAM50 HER2-enriched subtype [13].
More investigations are needed to assess the role of PIK3CA mutation in
the adjuvant setting for HER2-positive breast cancer.

This study demonstrates PIK3CA mutation may identify a subset of
patients who are resistant or have a worse prognosis when treated with
anti-HER2 therapies. These results have clinical implications suggesting
that combining anti-HER2 therapy with PI3K inhibitors may be a better
treatment option for HER2-positive patients carrying PIK3CA mutation.
Preclinical data have shown anti-HER2 drug resistance induced by PI3K
may be partially reversed by the addition of PI3K inhibitors [69,70].
Encouragingly, clinical development of new drugs targeting the PI3K
pathway is emerging. Several clinical trials investigating anti-HER2
therapy in combination with PIK3 inhibitors for patients with
HER2-positive breast cancer are ongoing or have been completed
(Table 2). Preliminary clinical activity has been shown for these com-
binations, however, it has not been determined from these studies
whether this activity is confined to patients with PIK3CA mutation or
PIK3 activation (Supplementary Table S5). In the NeoPHOEBE trial, no
significant difference in pCR rates were observed between the neo-
adjuvant buparlisib plus trastuzumab and paclitaxel arm and the pla-
cebo plus trastuzumab and paclitaxel arm in HER2-positive breast
cancer [46]. The small number of patients with PIK3CA mutation (n = 8)
hindered the ability to detect differences in pCR rates between the
PIK3CA mutated cohort and the wild-type cohort [46]. The BOLERO-1
and BOLERO-3 trials evaluated the addition of everolimus to trastuzu-
mab and chemotherapy in advanced HER2-positive breast cancer [71,
72]. Pooled exploratory biomarker analysis of these two trials found that
PFS benefit from the addition of everolimus was only confined to pa-
tients harboring PIK3CA mutation, PTEN loss, or hyperactive PI3K
pathway [73]. These results indicate a potential role for PIK3 inhibitors
in HER2-positive breast cancer, and meantime, highlight the importance
of identifying predictive biomarkers.

Several limitations should be acknowledged. Firstly, the anti-HER2
agents administrated in each study and methods of assessment of
PIK3CA mutation were non-uniform, which may lead to bias. Secondly,
the number of included studies for several pooled analyses is small,
which limited the power of statistical analysis. For example, only four
studies were available for DFS analysis in both the neoadjuvant and
adjuvant settings, and only four studies were included for OS analysis in
the metastatic setting. Therefore, validation with larger sample sizes is
needed. Additionally, due to limited data, we did not perform subgroup
analyses according to PIK3CA exons of mutation (exon 9 vs. exon 20).
Therefore, whether different PIK3CA exons of mutation render differ-
ential predictive and prognostic effect remains unknown. Moreover,
although we examined the mutational landscape according to PIK3CA
mutation status, the potential impact of these differences on the clinical
relevance of PIK3CA remains unknown. The molecular mechanisms
underlying the observed associations between PIK3CA mutation and
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clinical outcomes were not investigated in this study. Despite these
limitations, the large number of samples enabled us to comprehensively
explore the predictive and prognostic relevance of PIK3CA status across
different treatment settings. These results support the potential clinical
importance of PIK3CA assessment for patients with HER2-positive breast
cancer, providing a rationale for investigation of PI3K inhibitors in this
subset of patients.

Conclusions

In conclusion, this study reveals a significant association between
PIK3CA mutation and a lower pCR rate in HER2-positive breast cancer
patients treated with neoadjuvant anti-HER2 therapy. This association
remained significant irrespective of the type of anti-HER2 therapy
(single-agent or dual-agent) and hormone receptor status. In the meta-
static setting, PIK3CA mutation was associated with worse clinical
outcomes in terms of ORR, PFS and TTP, whereas it was not predictive of
OS. Distinct mutational landscapes were observed in HER2-positive
breast cancer between individuals with PIK3CA mutations and those
with wild-type PIK3CA. These results suggest the potential clinical
importance of PIK3CA mutation status assessment for patients with
HER2-positive breast cancer, and there is an opportunity to develop
PI3K inhibitors for these patients. Further studies examining the mo-
lecular mechanisms underlying the associations between PIK3CA mu-
tation and clinical outcomes in HER2-positive patients are warranted.
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