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ARTICLE INFO ABSTRACT

Edited by: Marianna Kruithof-de Julio The PIK3CA pathway is one of the most frequently altered pathways in human cancers, especially in breast

cancer with approximately 40% of HR+/HER2- advanced breast cancer cases exhibiting mutations in the

Keywords: PIK3CA gene. While the mutations can occur across the entire gene, the most common are observed in exon 9
Breast cancer corresponding to the helical domain, and in exon 20 encompassing the kinase domain. This study constitutes the
ﬁfafﬁm screening first attempt at determining the frequency and mutational spectrum in Lebanese breast cancer patients. For this
Lebanon purpose, DNA samples from 280 breast cancer patients from across Lebanon were screened for PIK3CA mutations

using the Therascreen® PIK3CA RGQ Real-time PCR assay. In line with previous reports, 38.57% of cases were
positive for at least one PIK3CA mutation, among which approximately 59% were in exon 9 and 37% in exon 20.
However, PIK3CA mutations are breast cancer are heterogeneous whereby 20% of known PIK3CA mutants might
not be detected by compact PCR based assays. Thus, the adoption of comprehensive Next Generation Sequencing
based panels to decipher the complete clinical, molecular and immunohistochemical profile of breast cancer
tumor requires further investigation.

1. Introduction

Breast cancer is the most common malignancy in women worldwide.
Although curable in around 70 to 80% of patients with early, non-
metastatic disease, it still ranks as the leading cause of cancer-related
death in women to date (Harbeck et al., 2019). According to the GLO-
BOCAN report on worldwide cancer surveillance, it is estimated that 2.1
million new cases were diagnosed in 2018, the equivalent of a newly

diagnosed case every 18 s (Bray et al., 2018). Diagnosed cases are
characterized by their heterogeneous molecular features, with the cur-
rent treatment strategies evolving towards more biologically directed
therapies in order to maximize treatment efficiency and alleviate po-
tential adverse effects (Harbeck et al., 2019).

The phosphatidylinositol-3 kinase (PI3K) is a pathway responsible
for the regulation of several cellular processes, such as cell survival, cell
growth, and cell cycle progression (Dumont et al.,, 2012). The
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deregulation of this pathway is common in different cancers and is
involved in tumor progression (Ranjbar et al., 2019). PIK3CA is a gene
that encodes p110a, the catalytic subunit of the PIK3 pathway. Muta-
tions in this gene act on the alpha isoform of the catalytic subunit p110
of the IA kinase class (Zardavas et al., 2018). These mutations are
heavily involved in human carcinogenesis. Mutations in the PIK3CA
gene are commonly found in cancers such as endometrial, breast,
bladder, cervical, and colorectal cancers (Arafeh and Samuels,
November 2018). More specifically, in breast cancer, somatic mutations
of PIK3CA are missense mutations; they occur mostly in exons 9 and 20
(Maruyama et al., 2007) and are frequently found in hormone receptor-
positive tumors (Zardavas et al., 2018). These mutations have contra-
dicting prognostic values as the studies conducted lacked conclusive
results due to insufficient sample size (Kalinsky et al., 2009). In fact,
some studies suggest that PIK3CA mutations present a positive prognosis
and that patients with the mutated gene have a better clinical outcome
than those with the wild-type gene (Dumont et al., 2012). However,
other studies suggest that PIK3CA mutations have a negative prognostic
value, especially with mutations in exon 20 (Lai et al., 2008).

PIK3CA mutations are common in breast cancer. They usually occur
on chromosome 3q26 (Dumont et al., 2012). However; their prognostic
value is yet to be definitively determined. For example, PIK3CA muta-
tions are highly present in Chinese breast cancer patients. Yet, the
relationship between these mutations and the clinical picture needs to
be further examined with a larger study sample (Lian et al., 2020).
Nonetheless; some research indicates that PIK3CA may be a good
prognostic factor. Mutations in this gene may increase the overall sur-
vival, the breast cancer-specific survival of the patients, the progression-
free, and the distant progression-free survival of the patients (Maruyama
et al., 2007; Kalinsky et al., 2009; Barbareschi et al., 2007). In human
breast cancer; the mutation frequency of PIK3CA ranges between 8%
and 40% (Kalinsky et al., 2009). Around 80% of the mutations occur in
“hotspots”; mainly located in the helical and kinase domain (Zardavas
et al., 2018). There are three mutations “hotspots” in the gene; E542,
and E545 in exon 9, which correspond to the helical domain; and
H1047R in exon 20, which in turn corresponds to the kinase domain
(Dumont et al., 2012). Mutations in the helical and kinase domain have
different consequences (Zardavas et al., 2018). The most frequent mu-
tation occurs at H1047R in exon 20 of the kinase domain; and the second
most frequent occurs at E542 and E545 in exon 9 of the helical domain
(Kalinsky et al., 2009). According to Kalinsky et al.; in a study involving
590 patients with primary invasive breast cancer; H1047R mutations in
exon 20 are highly associated with increased overall survival (Kalinsky
et al., 2009). Compared to the wild type; patients with “hotspot” mu-
tations showed a significantly better overall survival rate (Kalinsky
et al., 2009). Similarly; a study led by Barbareschi et al. also showed a
positive association between PIK3CA mutations in exon 20, overall
survival, and progression-free survival. The latter mutations are also
associated with breast cancer-specific survival (Barbareschi et al.,
2007). In fact; patients carrying the H1047R mutation, are twice less
likely to die due to breast cancer (Kalinsky et al., 2009). Conversely; a
study led by Lai et al., found that PIK3CA mutations in exon 20, along
with lymph node involvement, were an independent risk factor for the
overall survival of breast cancer patients (Lai et al., 2008). In this study;
158 patients were evaluated and 26% of them had a PIK3CA mutation.
More than half of those mutations were in exon 20. Patients with the
exon 20 mutation have a lower five-year survival rate than those with
the wild type, with 46% for those carrying PIK3CA mutations, against
75% for those with the wild type (Lai et al., 2008). The overall survival
for patients with exon 20 mutation was found to be significantly worse
than those without the mutation (Lai et al., 2008). In addition; it was
also found that mutations in exon 9 are an independent factor for a
worse disease-free survival and overall survival. These mutations are
therefore associated with a worse prognosis (Barbareschi et al., 2007).
However; H1047R mutations are strongly associated with negative
nodal involvement. Lymph node negativity is associated with better

Gene 871 (2023) 147433

overall survival; therefore, H1047R mutations are strongly associated
with better overall survival (Kalinsky et al., 2009). Compared to the wild
type; all “hotspot” mutations are associated with a lower tumor grade,
hormone receptor positivity, and HER2 negativity. PIK3CA mutations
are commonly found in older patients, with an ER-positive and lower
grade tumors (Zardavas et al., 2018). In fact; PIK3CA mutations in any of
the “hotspots” have better overall survival (Kalinsky et al., 2009).
Nonetheless; in the study conducted by Lai et al, the tumor grade was
found to be unrelated to the mutated exons 4,7,9, and 20 (Lai et al.,
2008). While PIK3CA mutations are associated with a good prognosis;
some studies indicate that this prognosis does not last. In fact, patients
with PIK3CA mutations have a better invasive disease-free survival for
the first ten years, but not after ten years after the diagnosis (Zardavas
et al., 2018).

Looking into different ethnicities, PIK3CA mutations seem to have
similar effects. A study involving 188 Japanese women diagnosed with
breast cancer, conducted by Maruyama et al, found PIK3CA mutations to
be a significantly good prognostic factor that is independent of other
conventional prognostic factors (Maruyama et al., 2007). While the
breast cancer prevalence in Japanese women is much lower than in
Caucasian women, the frequency of the mutations is similar in both. The
mutations are found in 29% of the patients, and 83% of them are located
on exons 9 and 20. Hence, the frequency and location of the mutations
are similar in Japanese and Caucasian women, meaning that the path-
ogenesis and progression of the disease are similar in both ethnicities
(Maruyama et al., 2007). In breast cancers, Estrogen Receptor (ER) and
HER2 positivity, play an important role in the final outcome (Zardavas
et al., 2018). In fact, hormone receptor positivity and ER positivity are
associated with a good prognosis in breast cancer. There is a positive
association between PIK3CA mutations and ER positivity, which is likely
due to a cross-talk between the PIK pathway and PIK3CA (Mukohara,
2015).

Variations in patient populations and tumor characteristics cause
discrepancies in the clinical outcomes. PIK3CA mutations effects most
likely depend on the location of the mutation and the breast cancer
subtype (Zardavas et al., 2018).

2. Materials and methods

A total of 280 primary breast cancer paraffin-embedded tissue
samples were referred from across Lebanon. DNA was extracted from 20
pm — 50 pm of tissue using the QIAamp® DSP DNA FFPE Kit (Cat No.
60404) following the manufacturer’s instructions. Subsequent mutation
detection was accomplished using the Therascreen® PIK3CA RGQ PCR
Kit (Cat No.873111). This assay is a real-time qualitative PCR test for the
detection of 11 mutations in the PIK3CA gene using genomic DNA
extracted from formalin-fixed, paraffin-embedded (FFPE) breast tumor
(Table 1). This research proposal was approved by the Institutional
Review Board of the American University of Beirut.

Table 1
Mutations detected by the Therascreen® PIK3CA mutation assay.

Exon Mutation Base change
7 C420R 1258 T > C
9 E542K 1624 G > A
E545A 1634 A >C
E545D 1635G > T
E545G 1634 A > G
E545K 1633G > A
Q546E 1636 C > G
Q546R 1637 A > G
20 H1047L 3140A>T
H1047R 3140A > G
H1047Y 3139C>T
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3. Results

Our study constitutes the first research study to delineate the
mutational landscape of PIK3CA in the Lebanese breast cancer patients
and among the very first technical papers in the region. Mutations in the
PIK3CA gene were detected in 108 of 280 breast tumors. Our findings
indicate that 38.57% of breast cancer patients in Lebanon carry at least
one mutation in the PIK3CA gene. Among the single mutant positive
cases, 37 samples had mutations located in exon 20 of the PIK3CA gene,
61 samples were mutated in exon 9, and only 3 samples carried a mu-
tation in exon 7. Seven out of 108 positive samples were double mutants:
one case carries two mutations in exon 20 (H1047L and H1047R), one
case carries two mutations in exon 9 (E542K and E545K), one case
carries two mutations in exon 9 and 7 (E545K and C420R), four cases
carry mutations in exons 9 and 20 (E542K and H1047R detected in two
cases, E545D and H1047R, E542K and H1047Y). Of all the mutations
included in the Therascreen® PIK3CA panel that were detected in our
samples, H104Y in exon 20 was only found in one double mutated case.
Additionally, exon 9 mutations E545A and Q546E were not detected in
our cohort of positive samples. Our findings are summarized in Table 2.

4. Discussion

The Therascreen® PIK3CA RGQ PCR Kit is intended for use as a
companion diagnostic test, to aid clinicians in the identification of breast
cancer patients who may be eligible for treatment with Alpelisib, an
alpha specific PIK3CA inhibitor, based on a PIK3CA mutation detected
result. Patients whose FFPE tissue produces a positive Therascreen®
PIK3CA RGQ PCR Kit test result for the presence of one or more PIK3CA
mutations are eligible for treatment with PIQRAY® (Alpelisib) (QIA-
GEN, 2017).

Recent studies have shown an increased benefit for Alpelisib in
combination with fulvestrant in patients with HR+/HER2- breast cancer
who previously underwent hormone therapy (Costa et al., 2018). These
findings have encouraged other research groups to investigate the effect
of this drug in conjunction with other alpha inhibitors on the progres-
sion of breast cancer in patients harboring PIK3CA mutations (Muko-
hara, 2015).

These encouraging conclusions highlight the need to map the
mutational profile of the PIK3CA gene in a given population. In this
regard, the Therascreen® PIK3CA mutation assay developed by Qiagen®
proved to be a robust tool for variant detection in the most commonly
mutated exons of this gene. Of note, some physicians might opt not to
use a PCR-based assay and opt for extensive panels which provide
comprehensive coverage of PIK3CA as well as other genes (Martinez-
Saéz et al., 2020). In this context, the N345K mutation in Exon 4 is not
included in this panel. Although the clinical significance of PIK3CA
mutations that are not detected by this assay is not completely

Table 2

PIK3CA mutation Profile in the Lebanese population.
Exon Nucleotide Codon Total
7 c.1258 T > C C420R 3
9 c.1624 G > A E542K 16
9 c.1633G > A E545K 27
9 c.1634A > G E545G 2
9 c1635G >T E545D 6
9 c.1637 A > G Q546R 10
20 c.3140A > T H1047L 7
20 c3139C>T H1047Y 0
20 c.3140A > G H1047R 30
9+9 1624 G > Aand ¢.1633G > A E542K and E545K 1
20 + 20 c.3140 A > Tand c.3140 A > G H1047L and H1047R 1
9+ 20 c.1624 G > Aand ¢.3140A > G E542K and H1047R 2
9+ 20 ¢.1635G > T and ¢.3140 A > G E545D and H1047R 1
9+ 20 c1624 G >Aand c.3139C>T E542K and H1047Y 1
9+7 c.1633G >Aand c.1258 T > C E545K and C420R 1
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elucidated, the N345K lies within the C2 PI3K-type domain conferring a
gain of function similar in its effect to the exon 7 C420R mutation
(Martinez-Saéz et al., 2020; Gymnopoulos et al., 2007).

However, the most frequent PIK3CA mutations, encompassing 4% of
mutations detected in breast cancer tumors, are detected by the Ther-
ascreen® panel (Martinez-Saéz et al., 2020). Although the mutation
landscape of PIK3CA mutations in breast cancer is highly heterogeneous;
5 mutations, namely H1047R, E545K, E542K, N345K, and H1047L,
represent almost 70% of known mutations (Martinez-Saéz et al., 2020).
According to a study by Martinez-Saez; et al. the Therascreen® PIK3CA
mutations panel would represent 72% of all known PIK3CA mutations,
and thus will successfully identify 80% of all patients with a known
PIK3CA mutation (Martinez-Saéz et al., 2020). Furthermore; 83 % of
patients with 2 or more PIK3CA mutations would have mutations
detected by the Therascreen® panel. However, in 78% of the cases, only
1 mutation would be detected (Martinez-Saéz et al., 2020).

Our data indicates that exon 9 of the PIK3CA is the most frequently
mutated in this cohort of Lebanese breast cancer patients. Of note, while
the cumulative frequency of exon 9 mutations amounts to around 59%,
the exon 20 mutant H1047R prevails at the highest detection rate among
this group. Similar patterns for the incidence of somatic PIK3CA muta-
tion status in other countries where mutational frequencies range from
25 to 40% (Mollon et al., 2020). In our cohort of mutated samples; the
distribution of each mutation was observed as follows: C240R was
detected at a rate of 3.47%, E542K at 17.39%, E545K at 25.21%, E545G
at 1.74%, E545D at 6.09%, Q546R at 8.7%, H1047L at 6.95%, H1047Y
at 0.87%, and H1047R at 29.56%. These percentages were calculated by
dividing the count of individual mutations over the total number of
mutations detected. In this case, samples carrying two mutations in the
same exon will be counted twice.

A study by Martinez-Saéz et al., H1047R is the most prevalent mu-
tation in positive tumors in the Spanish population at a rate of 35%. It is
followed by E545K at 17%, E542K at 11%, and H1047L at 4%, while
other PIK3CA mutations are collectively detected at 33% (Martinez-Saéz
et al., 2020). This mutational landscape comes in sharp contrasts with
previous PIK3CA screening studies where Campbell et al. reported that
E545K constituted 32.14% of PIK3CA mutations, followed by E542K and
H1047R at 17.85% each (Campbell et al., 2004). Similarly, a study
conducted in the United States points to more homogeneous distribution
among PIK3CA mutations where mutations in exon 9 consist of 18.75%
of mutants equally distributed between E542K, E545K, and E545G
detected in 6.25% of cases respectively (Bellacosa et al., 2005).
Comparatively, this same study reports17.85% of the cases to be
H1047R positive and 14.28% to be H1047L positive (Bellacosa et al.,
2005). A similar screening of the Brazilian breast cancer patients sug-
gested that among the 27% PIK3CA positive cases, exon 9 mutations
account for 13%, whereas the remaining 14% harbored exon 20 muta-
tions (Mangone et al., 2012). These various reports emphasized the
heterogeneity of breast cancer as a disease and its underlying genetic
complexity. Although divergent, they all concluded that the majority of
PIK3CA mutations map the helical domain (E542, E545), and H1047 in
the kinase domain (Mosele et al., 2020).

The findings of this study have important implications for patients
and physicians. In presence of a direct correlation between PIK3CA
mutation status and the eligibility for targeted therapy, the use of a
compact and robust assay is both beneficial and cost-effective (Dumont
et al.,, 2012). In parts of the world where somatic genetic testing for
breast cancer has not yet been implemented, this assay proves to be an
important milestone on the way to personalized medicine. In developed
countries, it is common practice to resort to highly complex and so-
phisticated Next-Generation Sequencing testing covering all exons of the
PIK3CA and other clinically relevant genes. However, the implementa-
tion of these testing algorithms comes at a very high cost for the patient.

In this context, some critical questions should be raised in light of
these findings. In addition to the extensiveness of the panel in question,
some studies suggest that comprehensive panels are able to detect both
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hotspot and non-hotspot mutations with higher sensitivity than the
assay at hand, thus rendering patients eligible for Alpelisib treatment. In
addition to the previously mentioned N345K mutation, the E726K
classified as the sixth most common PIK3CA mutations, is absent from
the list of targeted mutations (Debyani et al., 2017). Although there is
conflicting evidence regarding the pathogenicity of this particular mu-
tation; a study by Vasan et.al. suggested that in contrast to the attenu-
ated outcome observed in the incidence of single E726K mutants, a
synergistic activation effect is observed in E726K and H1047R double
mutants (Vasan et al., 2020). This same study indicated that in the
majority of breast tumors; E726R is detected precisely as a double
mutant, thus highlighting the need to screen for this particular mutant
(Vasan et al., 2020). Moreover; another report brought into focus the
less frequent and often overlooked Exon 20 G1049R (Dogruluk et al.,
2015). In a study aiming to characterize the variant-specific functions of
PIK3CA; G1049R exhibited strong driver activation with 20-fold higher
frequency compared to the more common E542K (Dogruluk et al.,
2016). These observations underlined the possibility of considering all
PIK3CA mutants as possible biomarkers for the disease; as well as the
need for improved characterization of rare mutants as well as non-
hotspot mutations in conjunction with clinical evidence to predict the
benefit of PI3K inhibitors.

On another level, the results of this study indicate that 6.48% of our
positive patients are double mutants. This percentage accounts for
2.31% of the total cohort. Although this prevalence is significantly lower
than the 12% to 15% double mutant rate observed among PIK3CA
mutants in western countries (Kandoth et al., 2013), it still carries a
significant impact since 4% of all breast cancer patients have double
PIK3CA mutations (Vasan et al., 2020). Indeed, compound mutations in
the PIK3CA gene have been shown to exacerbate PI3K activity and
downstream signaling. These effects are accompanied by increased
cellular proliferation and tumor growth (Zhao and Vogt, 2008). In
concordance, preclinical models, as well as phase I studies investigating
the oncogenicity of cis PIK3CA mutations, have shown that this partic-
ular mutation status resulted in a more durable effect for PI3K alpha-
specific inhibitors compared to single mutants (Vasan et al., 2020). In
this context, it is of importance to highlight that if double mutant-status
were to be considered as an indicator for sensitivity to PI3K inhibitors,
the Therascreen® panel might alone not be an ideal testing strategy. A
cross-sectional study performed by Martinez et al. reported that less than
5% of double PIK3CA mutations would be detected by this assay (Mar-
tinez-Saéz et al., 2020).

5. Conclusion

This study is the first to report the incidence rate of somatic PIK3CA
mutations in the Lebanese breast cancer patients. Screening for PIK3CA
mutations highlighted the highly diverse mutational status of this gene
among breast cancer patients. Using the Therascreen® PIK3CA mutation
assay proved to be a practical, robust, and cost-effective methodology to
detect the most common clinically significant mutations in the PIK3CA
gene. However, as the mutational profile of a patient renders them
eligible for targeted PI3K inhibitor therapy, an urgent need arises to
perform comprehensive PIK3CA screening to detect additional hotspot
and non-hotspot mutations that are not covered by this real-time PCR
based assay. Furthermore, it might be of benefit to subsequently corre-
late the findings of this pilot study with the full clinical, molecular and
immunohistochemical characterization to uncover the treatment mo-
dalities and possible prognostic outcomes for Lebanese breast cancer
patients.
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