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Abstract

Objectives: We aimed to characterize the clinicopathologic and molecular features of double PIK3CA mutated advanced breast
cancer in a retrospective cohort study.

Methods: This retrospective study included 196 advanced breast cancer patients who had the Oncomine next generation
sequencing analysis. The clinicopathologic parameters were recorded for each individuals including age, tumor type, grade,
ER, PR, HER2, and recurrence free survival.

Results: PIK3CA mutations were detected in 77.5% (152/196) of advanced breast cancer patients, 129 (84.8%) of which
contained single mutations, 20 (13.1%) of which contained double mutations, and 3 (2%) of which contained triple mutations.
Double PIK3CA mutated tumors were mostly seen in postmenopausal women, had lower combined histologic grade, and
were enriched in hormone receptor positive human epidermal growth factor receptor negative (HR+/HER2-) disease. Double
PIK3CA mutations were more frequently associated with concurrent mutations of ESRI (p=0.017) and ARID1A (p=0.054)
compared to single PIK3CA mutations. No significant progression free survival differences were observed between PIK3CA
mutated and wild-type groups and between double and single PIK3CA mutated groups when applied to all patients or HR+/
HER2- patients.

Conclusion: Double PIK3CA mutated advanced breast cancer have similar clinicopathologic features as single mutated ones

but demonstrate unique molecular features.
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Key Points clinicopathologic features as the single mutated ones,
including tumor grade, type hormone receptors and

e  We further investigate the clinicopathologic significance HER? status, stage, and clinical prognosis.
of double PIK3CA mutations in advanced breast cancer. e Molecular characterization reveals frequent concurrent
e Double PIK3CA mutated tumors have similar ESR1 and ARID1A genetic alteration in double PIK3CA
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mutated tumors, which may be implicated in the therapy
related resistance mechanism.

Background

Phosphatidylinositide 3-kinases (PI3K) are a family of
lipid kinases that participate in a variety of cellular processes,
including cell growth, proliferation, differentiation, motility,
and survival. PIK3CA encodes one of the a-isoform of the
catalytic subunit (p110a) of the PI3K heterodimer. Oncogenic
mutations of PIK3CA are present in up to 40% HR+/HER2-
breast cancer and are associated with good clinical outcome
[1-6].

The value of PIK3CA as a therapeutic target in breast
cancer has been investigated in multiple studies. In the
recent SOLAR-1 phase 3 clinical trial, treatment with the
PI3Ka-specific inhibitor alpelisib in combination with potent
ER signaling inhibitor fulvestrant prolongs progression-free
survival over alpelisib monotherapy in PIK3CA mutated, HR+/
HER2-advanced breast cancer patients [7]. However, the
resistance remains problematic. Another study shows that
double PIK3CA mutations are detected in 8-12% of primary
and metastatic breast cancers. In such tumors, the two
mutations reside on the same allele. These so-called PIK3CA
double mutations induce PI3K hyperactivation by disrupting
the p85-p110a interaction and by enhancing p110a binding
of membranes. Double PIK3CA mutated tumors show greater
PI3K activity and downstream pathway activation as well as
enhanced sensitivity to alpelisib when comparing to single
PIK3CA mutated or wild type tumors [8].

The clinical significance of double PIK3CA mutated breast
cancer has not been well studied. Here we characterized
the pathologic features and clinical consequence of double
PIK3CA mutated breast cancer from our institution.

Materials and Methods

A total of 196 patients were recruited in this study. All
patients were diagnosed as metastatic or recurrent breast
cancer and had Oncomine next generation sequencing
(NGS) assay performed at the Yale New Haven Hospital from
January 2016 to April 2022. The clinical and pathologic
findings were retrieved for each individual patient including
age, tumor type, grade, ER, PR, HER2, PIK3CA mutation and
concurrent molecular alteration. Progression free survival
(PFS) was defined as the period from the date of primary
pathologic diagnosis to the date of recurrence or distance
metastasis (in months).

The Oncomine NGS were performed at the Yale New
Haven Hospital molecular diagnosticlaboratory. Nucleicacids
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were extracted using a commercially available kit (Qiagen or
Promega) and were quantitated on a Qubit 2.0 fluorometer.
Targeted, amplicon-based sequencing was performed using
three successive versions of the Oncomine (OCA v3) on an
Ion Torrent platform (Thermo Fisher Scientific). The OCA V3
examines tumor DNA for mutations and/or amplifications
in 146 cancer-related genes. nd tumor RNA for gene fusions
involving 44 oncogenic driver genes, respectively. Sequencing
data sets were processed through an internally developed
bioinformatic pipeline. Interpretation and clinical reporting
of results was performed by molecular pathologists.

Statistical Analysis

Univariate analysis was performed to investigate the
clinicopathologic variables among the double PIK3CA
mutated, single PIK3CA mutated, and wild type groups using
the Fisher exact test. All reported tests were conducted at
a normal significance level of 0.05. Statistical analysis was
performed using R version 3.5.1 (http://www.r-project.org).

Results

Among 196 advanced breast cancer patients, 152
(77.5%) patients were detected to have PIK3CA mutations
which included 129 (84.9%) single mutations, 20 (13.1%)
double mutations, and 3 (2%) triple mutations. Similar
as single PIK3CA mutated tumor, double PIK3CA mutated
tumors were mostly seen in postmenopausal women (mean
age of 52.3 year) and were enriched in HR+/HER2- disease
(18/20, 90%). The known associated tumor histology
included invasive ductal carcinoma (12/20, 60%), invasive
lobular carcinoma (3/20, 15%), and mixed invasive ductal
and lobular carcinoma (2/20, 10%). Tumors were mostly
intermediate grade (12/20,60%) and low grade (4/20, 20%).
No statistically significant differences were observed when
comparing tumor histology, grade, and receptor profiles
among double PIK3CA mutated, single PIK3CA mutated, and
wild type groups (Table 1).

We nextexamined the molecular characteristics of double
PIK3CA mutations in these advanced breast cancers. The
major hotspot mutations were mostly located in the helical
and kinase domains involving H1047 (55%), E542 (10%), and
E545 (10%). The second mutant sites were mostly located in
the kinase domain E726 (30%). In addition to these common
and typical “major-mutant” hotspots, other “minor-mutant”
sites were also detected in our cohort including E542 (10%),
E545 (10%), E418 (10%), D350 (10%), M1043 (10%)
and H1047L (5%) (Figure 1). Interestingly, double PIK3CA
mutations were more frequently associated with concurrent
estrogen receptor 1 (ESR1) mutations compared to the single
mutated tumors (25% versus 7.7%, p=0.017). The identified
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ESR1 mutations were all activating mutations including
D538G and Y537S. Similarly, ARID1A mutations were more
frequently identified in the double PIK3CA mutated tumors
(20% versus 7%, p=0.054)) including the inactivating and

Clinical Pathology & Research Journal

deleterious mutations Q487Te and Q1200Te. No significant
differences were seen in other common gene alterations in
breast cancer, including AR variant, NF1, TP53, BRCA, PTEN,
CDH1, ERBB2, GATA3, and PIK3R1(Table 2).

Double mutation Wild type
Single mutation (n=129) Pvalue
(n=20) (n=44)
Age at primary diagnosis 52.35,+12.81 54.23,+11.51 56.57,+10.26 0.33
Age at tumor metastasis 58.4,+11.46 61.52,+9.78 61.95,+9.58 0.38
Tumor type 0.55
Invasive ductal carcinoma 12/20 (60%) 84/129 (65.11 %) 37/44 (84.09%)
Invasive lobular carcinoma 3/20 (15%) 31/129 (24.03%) 2/44 (4.55%)
Mixfoiﬁ‘;isci;’fci‘:;t:;and 2/20 (10%) 2/129 (1.55%) 1/44 (2.27%)
Tumor grade 0.65
G3 2/20 (10%) 31/129 (24.03%) 7/44 (15.91%)
G2 12/20 (60%) 78/129 (60.47%) 27/44 (61.36%)
G1 4/20 (20%) 6/129 (4.65%) 2/44 (4.55%)
TNBC (n/n, %) 2/20 (10%) 21/129 (16.28%) 6/44 (13.64%) 0.86
HER2+ (n/n, %) 0/20 (0%) 8/129 (6.98%) 4/44 (9.09%) 0.381
Table 1: Clinicopathological features of double PIK3CA mutated breast cancer.
Conc:II;ZiZ:i(g)inetic Doubl(i:lzuot)a tions Single mutations (n=129) P value (Chi2 /fisher)
ESR1 5 (25%) 10 (7.75%) 0.017
ARID1 4 (20%) 9 (7.00%) 0.054
NF1 3 (15%) 6 (4.65%) 0.07
PIK3R1 1(5%) 1(0.77%) 0.126
ERBB2 0 (0%) 13 (10.1%) 0.137
AR variant 6 (30%) 21 (16.28%) 0.138
TP53 4 (20%) 37 (28.68%) 0.418
GATA3 0 (0%) 4 (3.10%) 0.424
PTEN 1(5%) 11(8.53%) 0.589
BRCA 2 (10%) 10 (7.75%) 0.731
CDH1 1 (5%) 5 (3.88%) 0.819

Table 2: Concurrent molecular alterations in the double PIK3CA mutated breast cancer.

Patients with double and single PIK3CA mutations had
comparable PFS when applied to all patients (median of 59.5
versus 61 months, p=0.31) or HR+/HER2- patients (median
of 75.1 versus 88.9 months, p=0.35). Though combined
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double and single PIK3CA mutations appeared to have a
prolonged PFS comparing to those with wild type tumors
(p=0.12), but the p value did not reach statistical difference
in this study (Figure 2).
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Figure 1: Molecular pattern of double PIK3CA mutations in advanced breast cancers (n=20). The major hotspot mutations
were mostly located in the helical and kinase domains involving H1047 (55%), E542 (10%), and E545 (10%). The second
mutant sites were mostly located in the kinase domain E726 (30%).

cancers.

Figure 2: PFS was compared among patients with the double PIK3CA mutated, single PIK3CA mutated, and wild type breast

Discussion

In this study, we performed a comprehensive analysis of
PIK3CA mutation in advanced stage of breast cancer. Based
on the Oncomine NGS assay results, PIK3CA mutations were
detected in 77.5% of advanced breast cancer patients, which
was higher than the reported frequency from the Cancer
Genomic Atlas (TCGA) breast cancer database (36%) and
other studies (66%)°. The assay used in this study not only
detected hotspot PIK3CA mutations (H1047R, E545K, E543K,
N345K, H1047L) but also included less common mutations
E722, E418, E453, E345, E350, R93, R88, and some rare
mutations. Additionally, most of patients enrolled in this
study had metastatic breast cancer. Among 152 patients with
PIK3CA mutations, 105 patients had test on the metastatic
tumor, 7 patients had sequencing test on their body fluid,
and 40 patients had test on the tumor of primary site.
PIK3CA mutations detected in this study may reflex global
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tumoral heterogeneity compared to those detected from
tumor of primary site. This observation also raised another
possibility that PIK3CA mutations might be acquired along
disease progression and metastasis. Further, we found that
15% of patients had two or more PIK3CA mutations in our
study cohort. This data was consistent with previous report
[3,8,10]. The major mutation site involved H1047, E542, and
E545. The second mutation site frequently involved E726 as
reported in previous studies but also involved R93, D350,
E418, E542, and E545. These major- and minor mutational
pattern sites might be specific to breast cancer.

For the first time, our study showed that double PIK3CA
mutations were more frequently associated with ESRI and
ARID1A molecular alterations compared to single PIK3CA
mutations. ESR1 mutations are a common cause of acquired
resistance to endocrine therapy alone or in combination
with PI3K inhibition in metastatic HR-positive breast cancer
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[11,12]. Target PI3Ka suppression causes upregulation of
ER-dependent transcriptional activity as well as expression
of ESR1 mRNA and ER protein [13,14]. The phase III clinical
trial of the PI3Ka inhibitor alpelisib with ER signaling
inhibitor fulvestrant in patients with ER+ metastatic breast
cancer revealed that the overall better response rate in
patients with multiple mutations in PIK3CA rather than single
hotspot mutations [8]. The more frequent ESR1 activating
mutations present in the double PIK3CA mutated advanced
breast cancer might explain the underlying mechanisms for
the better prognosis in response to alpelisib and fulvestrant.

ARID1A is a tumor suppressor gene which is frequently
mutated in ovarian, endometrial, breast, urinary bladder
and gastrointestinal cancers [15-21]. Synergic effects of
loss of ARID1A and PI3K-Akt pathway has been implicated
in the development of ovarian clear cell carcinoma and
resistance to conventional platinum-based chemotherapy
[22-24]. Loss of ARID1A was also associated with resistance
to several drugs that inhibit the HER2 /PI3K/mTOR signaling
cascade in breast cancers including trastuzumab resistance
[25]. Here we demonstrated that double PIK3CA mutations
in advanced breast cancer was associated with ARID1A
inactivating mutation. Our findings may provide another
perspective to explain the treatment resistance mechanism
in double PIK3CA mutated breast cancer.

Characterization of double PIK3CA mutated tumors
revealed an overlapping clinicopathologic features as the
single PIK3CA mutated ones, both of which were most seen
in postmenopausal women, had lower combined histologic
grade, enriched in HR+/HER2- disease, and had comparable
PFS. Although the number of double mutated tumors with
known histology was small in the present study, we have
been able to show double PIK3CA mutations are associated
with pathogenesis of both ductal and lobular carcinoma.

There are several limitations in this study. First, most of
PIK3CA mutations (>70%) were detected from metastatic
tumor sites or body fluid, which may have a different
expression pattern from the primary tumor sites. Second,
the study included limited patients with double or multiple
PIK3CA mutations. This small sample size may preclude
a definitive conclusion with statistical significance when
comparing clinical consequences among patients with
different PIK3CA mutation status.

In summary, we retrospectively studied the
clinicopathologic and molecular features of somatic PIK3CA
mutations in advanced breast cancer patients. Patients with
double PIK3CA mutations had similar clinicopathologic
features as those with single PIK3CA mutations. Double
PIK3CA mutations were more frequently associated with
concurrent ESR1 and ARIDIA mutations which might
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implicate the underlying mechanism for therapy resistance.
Our study expanded knowledge of PIK3CA mutations in
breast cancer thus better position PI3Ka inhibitors in the
treatment landscape.
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