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Introduction
PIK3CA activating mutations occur in 20–30% of all cancer cases and 

considered as predictive markers for response to PI3K inhibitors. PIK3CA 
belongs to the lipid phosphoinositide 3-kinases (PI3Ks), also known as 
phosphatidylinositol 3-kinases, that are a family of enzymes composed of four 
classes who drive a range of physiological functions and cellular processes 
including cell proliferation, growth, survival, motility and metabolism [1]. 
Class I PI3Ks are composed of a regulatory and a catalytic subunits that 
heterodimerize to form a functional biomolecule. PIKs are further divided 
into IA & IB subsets with the former structured by dimerization between 
the catalytic p110 (alpha, beta or delta) and p85 regulatory subunits [2]. The 
p85 subunit has two Src-homology 2 (SH2) domains, and one inter-SH2 
domain that constitutively binds to the catalytic p110α subunit, keeping it in 
an inactive state [3].

Abstract
Common PIK3CA gene activating mutations can be found in 20-30% of 

all breast cancer cases, and regarded as predictive markers for therapeutic 
response to PI3K inhibitors. The therascreen PIK3CA mutation companion 
assay and the alpha-specific PI3K inhibitor, Alpelisib, are FDA-approved 
for selecting and treating patients with advanced PIK3CA-mutated 
metastatic breast cancer. The main objective behind this report was to 
investigate the composition and proportion of PIK3CA mutations using 
a PIK3CA mutation Therascreen RT-PCR assay, in a patient cohort with 
receptor-positive/HER2-negative (HR+/HER2) metastatic breast cancer, 
who were diagnosed and treated at King Hussein Cancer Center (KHCC). 
Patients with PIK3CA-mutated tumors represented 39.4% (91/231) of 
all patients. Four PIK3CA mutations comprised 86.8% of all PIK3CA 
mutations; mainly H1047R (33.3%), E545K (20.9%), E542K (24.2%), 
and H1047L (8.8%). The four main mutations map to the helical and 
kinase domains of the PIK3CA encoded protein. C420R was found in only 
one patient, and E545A was found in two patients. Nine of the 91 mutated 
patients had shown double PIK3CA mutations (9.9%). In conclusion, 
PIK3CA is frequently mutated in multiple types of cancers at known 
‘Hot-spots’, mainly in the kinase and helical modular domains, which we 
found consistent with our findings. PIK3CA mutational signature in our 
metastatic breast cancer cohort varied with a 39.4% (91/231) positivity 
rate. The PIK3CA mutational screening panel did not capture mutations 
in the remaining 140 (60.6%) cases; these patients may be mutated in 
other genes related to breast cancer, or in PIK3CA loci not covered by 
the Therascreen assay. Survival and clinical outcomes in association with 
PIK3CA mutational profiles shall be addressed in a follow-up investigation 
for this patients’ cohort.
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Under normal biological conditions, p110 activation 
occurs when the cell surface receptor tyrosine kinase (RTKs) 
is autophosphorylated upon its specific ligand binding (e.g. 
growth factor such as insulin), which then recruits and binds 
to the cytoplasmic p85/p110 heterodimer complex. This 
molecular interaction between the phosphorylated receptor 
and the p85/p110 complex frees the p110 catalytic subunit, 
enabling it to convert the cellular phosphatidylinositol 
(3,4)‐bisphosphate (PIP2) to phosphatidylinositol 
(3,4,5)‐triphosphate (PIP3) [4]. PIP3, also known as the 
second messenger, subsequently phosphorylates PDK1 
(3-phosphoinositide-dependent protein kinase-1) which in 
turn activates AKT (also known as protein kinase B; PKB) 
[5, 6]. The overall phosphorylation-based signaling cascade 
promotes cancer cells proliferation and survival through the 
mTOR pathway [7–9].

Activating alterations in the PI3K-Akt signaling pathway 
are frequently seen in many human cancers, particularly the 
common types such as breast, colorectal, endometrial and 
prostate. Activation by RTKs and somatic driver mutations 
in specific components of the pathway are the two main 
underlying oncogenic mechanisms. Female breast cancer 
is the most commonly diagnosed cancer at the global 
level, accounting for 11.7% of the total cases [10]. This 
malignancy and other tumor types has been the focus of 
many investigations that led to the discovery and design of 
anti-endocrine and targeted therapies that improved cancer 
overall survival and clinical outcomes [11]. Many therapies 
have been approved for the treatment of various malignancies 
by targeting the PI3K pathway using inhibitory drugs such 
as BYL719 (alpelisib), CAL101 (idelalisib), BAY 80-6946 
(copanlisib), the mTOR inhibitors RAD001 (everolimus), 
and CCI-779 (temsirolimus). Nevertheless, several resistance 
mechanisms facilitated by tumor related intrinsic adaptive 
responses through the reactivation of the PI3K pathway 
had emerged. These mechanisms are underlined by limited 
treatment responses and tolerance to therapeutic agents, plus 
other changes in cellular plasticity, which unfortunately 
resulted in an increased cancer-associated prevalence and 
mortalities [12].

More than 70% of breast cancers are hormone receptor 
(HR) positive and human epidermal growth factor receptor 2 
(HER2) negative [13]. Approximately 40% of patients with 
HR-positive, HER2-negative breast cancer, have activating 
mutations in the gene PIK3CA (gene encoding p110α catalytic 
subunit) leading to a hyperactivated and dysregulated PI3K 
pathway [14]. PIK3CA gene is 34 kb in length and located 
within the chromosome 3q26.3 region. It encodes 1,068 amino 
acids spanning five modular protein functional domains:  the 
amino-terminal p85 binding domain, Ras binding domain, 
C2 domain, helical domain, and the kinase domain [15]. 
As exon 1 is entirely UTR, many studies have accordingly 
numbered the exons according to the coding exons (1-20). 

Subsequently, these studies refer to E545 mutations as being 
in exon 9 and H1047 mutations in exon 20 [16]. In general, 
patients found with mutated PIK3CA and hormone receptor-
positive, HER2-negative advanced breast cancer, have a 
worse prognosis compared to those patients with a wild-type 
gene [17].

The recent p110α-specific FDA approved PI3K pathway 
inhibitor and degrader, alpelisib, has captured much of 
interest for its efficacy against the invasive and metastatic 
breast cancer in patients harboring PIK3CA mutations. 
These mutations mainly occur in one of the two hotspot 
gene domains, specifically p.E542K and p.E545K in exon 
9 (α-helicase domain), and p.H1047R/L in exon 20 (kinase 
domain) [18]. This group of patients in our study were eligible 
for receiving the second line therapy, alpelisib alone, or as a 
combination therapy protocol. More recent data by others, 
revealed alpelisib therapy had enhanced estrogen signaling 
in HR+ breast cancer, raising a flag for its use as the sole 
therapeutic agent [19]. Alpelisib when used in combination 
with fulvestrant endocrine treatment agent according to the 
SOLAR-1 study, had shown synergistic effects and promising 
results in patients with advanced metastatic breast cancer 
[20]. Here, we report on the mutational profiling of PIK3CA 
in a patient cohort diagnosed with metastatic breast cancer 
with ER+/HER2- profile, who were considered for treatment 
based on their genetic profiles.

Methods
Patient samples and characteristics

In this single center retrospective study, FFPE samples 
from 231 patients with metastatic breast cancer were received 
by the molecular diagnostic laboratory, to investigate 
the presence of PIK3CA actionable mutations using the 
therascreen Qiagen real-time PCR assay kit. All samples were 
of breast tissue origin, and ER+/HER-. Histopathological and 
immunohistochemical examination by qualified pathologists 
had confirmed the primary diagnosis and tumor percentile, 
in each case. This study (22 KHCC 041) was approved by 
KHCC Research Council, and the Institutional Review Board 
(IRB), in accordance with the international scientific and 
ethical guidelines. Participants’ written informed consent 
form (ICF) waiver was approved by KHCC IRB for this 
retrospective report.

PIK3CA mutational analysis
PIK3CA mutational analysis was performed using the 

FDA-approved Qiagen therascreen PIK3CA RGQ real-time 
qualitative PCR assay Kit, according to the manufacturer 
instructions. The kit detects 11 mutations in PIK3CA (exon 
7: C420R; exon 9: E542K, E545A, E545D, E545G, E545K, 
Q546E, and Q546R; and exon 20: H1047L, H1047R, and 
H1047Y) using genomic DNA derived from formalin-fixed, 
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mutational rates in PIK3CA [21]. C420R located within the 
surface loops of C2 domain, that is proposed to be part of 
the membrane binding region of p110α [22], was seen just 
once in one patient, while E545A was seen in two patients. 
Interestingly, E545K/H1047L and E545K/H1047R double 
mutations were detected simultaneously in 2 and 7 patients, 
respectively. Of the 11 mutations covered in the assay, five 
(E545D, E545G, Q546E, Q546R, and H1047Y) had not been 
detected in any of the study participants’ samples.

Of all participants, 91/231 (39.4%) had at least one 
mutation detected, while the remaining 140 cases (60.6%) 
were wild-type for the tested mutations (Table 1). Tumor 
percent (20-95%) was neither age related, nor mutation 
presence related. Furthermore, PIK3CA wild-type samples 
were unexpectedly associated with higher percentile tumors 
at ≥50%, while presence of mutation was associated with 
tumors of lower tumor contents, which we find intriguing and 
needing further  explorations.

paraffin-embedded (FFPE) breast tumor tissue with ≥20% 
tumor percentile, or ctDNA extracted from plasma taken 
from patients with breast cancer.

Results
Tumor contents of the 231 studies samples range was at 

20-95%. Participants’ age ranged between 24-86 years, mean
age 53.4 years, median age at 53 years, and the mode age
was 46 years. All 231 samples originating from metastatic
breast cancer FFPE tissues were analyzed for the presence of
PIK3CA mutations. Eleven targeted mutations were screened
for in this analysis spanning exons 7 (C420R, E542K, E545A,
E545D), 9 (E545G, E545K, and Q546E, Q546R, H1047L),
and 20 (H1047R and H1047Y). Of the 11 assay-targeted
mutations, E542K (22/231) and E545K (19/231) who map
to helicase domain, in addition to H1047R (30/231) and
H1047L (8/231) that both map to the kinase domain, were the
most prevalent mutations amongst the overall 231 assessed
samples (Figure 1), which is consistent with the global hotspot 

Figure 1: location of PIK3CA mutations within the P110α modular domains and percent of mutated samples.

Coding 
Exon #

Amino Acid 
Change

Base 
Change

P110α 
Functional 

domain

PIK3CA mutated 
(mutation percent 
this study, n=91)

PIK3CA 
mutated 

(Global, n=808)

% mutated in all 
patients  

(this study,  
(n=231)

% mutated in 
global patients 

(n=1995)

7 C420R 1258 T>C C2 1 (1.1) 22 (2.7) 0.4 1.1

7 E542K 1624 G>A Helicase 22 (24.2) 94 (11.6) 9.5 4.7

7 E545A 1634 A>C Helicase 2 (2.2) 21 (2.6) 0.9 1.1

7 E545D 1635 G>T Helicase 0 9 (1.1) 0 0.5

9 E545G 1634 A>G Helicase 0 14 (1.7) 0 0.7

9 E545K 1633 G>A Helicase 19 (20.9) 163 (20.2) 8.2 8.2

9 Q546E 1636 C>G Helicase 0 2 (0.2) 0 0.1

9 Q546R 1637 A>G Helicase 0 7 (0.9) 0 0.4

20 H1047Y 3139 C>T Kinase 0 11 (1.4) 0 0.6

20 H1047L 3140 A>T Kinase 8 (8.8) 52 (6.4) 3.5 2.6

20 H1047R 3140 A>G Kinase 30 (33) 288 (35.6) 13 14.4

9&20 E545K and H1047L 2 (2.2) 0 0.9 0

9&20 E545K and H1047R 7 (7.7) 0 3 0

Total Mutated Samples and percentile 91/231 (39.4) this study; 808/1995 (40.5) global study

Total Wild-Type samples and percentile 140/231 (60.6) this study; 1187/1995 (59.5) global study

Table 1: PIK3CA mutations count and percentiles of the positive samples.
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overall prevalence (40.5%) was essentially very comparable 
to our study (39.4%). The double somatic mutations (E545K/
H1047L and E545K/H1047R) seen in 9 (9.9%) patients 
amongst the overall 91 positive cases  could potentially 
exist and act in cis, leading to augmented PIK3CA gain of 
function and increased PI3K3CA signaling that promote 
further cellular proliferation and tumor growth [31]. These 
nine patients are predicted to have an improved sensitivity 
to PI3Ka inhibitors, compared with patients harboring just 
a single-hotspot mutation. To this regard, a met-analysis in 
silico study [32] combining 10 studies with 6338 patients, 
showed doubly mutated patients were at 4% of all cases, 
which is essentially similar to our study (3.9%), suggesting 
our observations are in line with the global data.

In another clinical trial (SAFIR02) that enrolled 364 
HR+, HER2– patients with metastatic breast cancer, PIK3CA 
mutations were detected in 104 (28.6%) of all these patients, 
who poorly responded to chemotherapy, and a shorter overall 
survival [17]. Altogether, our described patients cohort seem 
to have an overall PIK3CA mutational rates falling within the 
regional and global rates, including when individual mutations 
are considered, suggests the pathogenic mechanisms and 
therapeutic outcomes for our patient are predicated to be in 
line with regional and global data. Nevertheless, it remains 
to be seen how these projections will pan out in our planed 
follow-up clinical investigations.
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