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ABSTRACT
PI3K pathway is the most common aberrantly
activated pathway in breast cancer, making it an
attractive therapeutic target. Despite initial
disappointment with several randomized trials of
pan-PI3K inhibitors in HR-positive breast cancer,
there has been continued effort to more precisely
target PI3K isoforms, which has led to clinical
benefit for patients with advanced breast cancer
Alpelisib (Piqray) is the first PI3K inhibitor
approved by the FDA in 2019, to be used in
combination with the FDA-approved endocrine
therapy fulvestrant, to treat postmenopausal women,
and men, with hormone receptor (HR)-positive,
human epidermal growth factor receptor 2 (HER2)negative, PIK3CA-mutated, advanced or metastatic
breast cancer (as detected by an FDA-approved test)
following progression on or after an endocrine-based
regimen.
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1. Introduction
The phosphatidylinositol 3-kinase (PI3K)-protein
kinase B (PKB/AKT)-mammalian target of
rapamycin (mTOR) axis regulates critical
physiological functions and cellular processes,

www.discoveriesjournals.org/discoveries

including cell proliferation, growth, survival,
motility and metabolism1. The phosphatidylinositol
3-kinase (PI3K) pathway is the most common
aberrantly activated pathway in breast cancer,
making it an attractive therapeutic target. This
pathway has been extensively reviewed elsewhere2.
Phosphatidylinositol 3-kinases (PI3Ks) are a
family of lipid kinases that are divided into three
classes based on their structures and substrate
specificitie.
In breast cancer, the PI3K/AKT/mTOR
pathway can be deregulated by a number of different
mechanisms. First, PIK3CA activating mutations
located either at the helical or the kinase domain are
present in more than one-third of early breast cancer
tumors (45% in luminal A, 29% in luminal B, 39%
in HER2-enriched and 9% in basal-like tumors)3-19.
A recent report has identified similar mutation rates
in metastatic breast cancer (MBC) biopsies,
confirming the clonal character of this mutation [20].
Second, inactivating events might occur in tumor
suppressor genes, mostly PTEN, but also PIK3R1,
INPP4B, TSC1, TSC2 and LKB1, leading to the
activation of this pathway18-22. In addition, PIK3CA
amplification and mutations in the AKT gene have
been also described20,23-25.
Recent molecular profiling data from MBC
patients seem to indicate that in advanced
HR+/HER2- breast cancer, a PIK3CA mutation
would lead to a certain resistance to chemotherapy
and a poor outcome26-28. In the case of HER2positive breast cancer, PIK3CA mutations seem to
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be associated with worse prognosis, either in the
advanced and in the early setting29,30. Moreover, the
PI3K/Akt/mTOR pathway has been described as
potentially intervening in secondary endocrine
resistance in HR-positive breast cancer31. In
preclinical models, long-term estrogen-deprived
breast cancer cells and long-term exposure to
tamoxifen are associated to an up-regulation of the
PI3K pathway, leading to a ligand-independent
activation of ER by its phosphorylation through the
mTOR complex 1 (mTORC1)/S6K1 axis31,32. Hence,
there is a strong rationale to therapeutically target
the PI3K/AKT/mTOR axis, especially in HRpositive breast cancer.
Piqray (alpelisib) was recently approved by the
FDA, to be used in combination with the FDAapproved endocrine therapy fulvestrant, to treat
postmenopausal women, and men, with hormone
receptor (HR)-positive, human epidermal growth
factor receptor 2 (HER2)-negative, PIK3CAmutated, advanced or metastatic breast cancer (as
detected by an FDA-approved test) following
progression on or after an endocrine-based regimen.
The FDA also approved the companion
diagnostic test, therascreen PIK3CA RGQ PCR Kit,
to detect the PIK3CA mutation in a tissue and/or a
liquid biopsy. Patients who are negative by the
therascreen test using the liquid biopsy should
undergo tumor biopsy for PIK3CA mutation testing.
This focused review describes the first FDA
approved regimen based on PI3K inhibition that can
be used in breast cancer treatment.
2. PI3K inhibitors in clinical trials
Initially, a number of pan-PI3K inhibitors were
developed and used. This include buparlisib and
pictilisib. Early PI3K inhibitors (PI3Ki) targeted
each of the four catalytic isoforms of class I PI3Ks,
potentially for a broader activity in a number of
tumor types with a range of molecular alterations.
However, this broad inhibition may lead to
potentially a higher risk of adverse events (AEs),
which could limit the use of such agents at
therapeutic doses.
Despite initial disappointment with several
randomized trials of pan-PI3K inhibitors in HRpositive breast cancer, there has been continued
effort to more precisely target PI3K isoforms, which
has led to clinical benefit for patients with advanced
breast cancer.
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Selective inhibition of specific PI3K isoforms
may allow the administration of therapeutic doses of
drugs without the off-target toxicity, although they
require a narrower patient selection42. In breast
cancer, the most common molecular alterations in
the PI3K pathway are activating mutations in the
PIK3CA gene, inducing hyperactivation of p110α.
Hence, development in breast cancer patients has
been focused on inhibitors with higher selection for
this isoform. Examples of selective inhibitors are
alpelisib and taselisib,
3. First FDA approved PI3K inhibitor for
breast cancer: alpelisib (Piqray)
Piqray is the first PI3K inhibitor to demonstrate a
clinically meaningful benefit in treating patients with
this type of breast cancer. The ability to target
treatment to a patient’s specific genetic mutation or
biomarker is becoming increasingly common in
cancer treatment, and companion diagnostic tests
assist oncologists in selecting patients who may
benefit from these targeted treatments.
Alpelisib (BYL719; Novartis Pharmaceuticals,
Basel, Switzerland) is the first oral PI3Ki to
selectively target the class I p110α-isoform
(IC50=4.6 nM)43. A phase I trial (NCT01219699)
included patients with PIK3CA-altered advanced
solid tumors and showed sensitivity to alpelisib
monotherapy44. The combination of alpelisib with
fulvestrant demonstrated synergism when combined
in xenografts models31. In a phase Ib dose expansion
trial (NCT01219699), alpelisib plus fulvestrant led
to a complete or partial response in 29% of heavily
pretreated MBC patients with PIK3CA-mutated
tumors45 and a favorable safety profile in these
patients with mainly on-target effects, notably
hyperglycemia, nausea or diarrhea.
Common side effects of Piqray are high blood
sugar levels, increase in creatinine, diarrhea, rash,
decrease in lymphocyte count in the blood, elevated
liver enzymes, nausea, fatigue, low red blood cell
count, increase in lipase (enzymes released by the
pancreas), decreased appetite, stomatitis, vomiting,
weight loss, low calcium levels, aPTT prolonged
(blood clotting taking longer to occur than it should),
and hair loss. Health care professionals are advised
to monitor patients taking Piqray for severe
hypersensitivity reactions (intolerance).
In light of these results, the phase III SOLAR-1
clinical trial (NCT02437318) was conducted to
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evaluate the efficacy and safety of alpelisib plus
fulvestrant in HR+/HER2- MBC patients previously
treated with endocrine therapy. The study was
enriched with tumors harboring a PIK3CA mutation
but included also a cohort of PIK3CA wild-type (wt)
as a proof-of-concept of activity in this subgroup46.
The primary end point was PFS in the PIK3CAmutated cohort, whereas secondary end points
included, among others, overall survival (OS) in the
PIK3CA-mutated cohort and safety and efficacy in
the PIK3CAwt group (determined by OS and PFS).
PIK3CA status was centrally determined before
entry using tumor tissue. In the PIK3CA-mutant
cohort (n = 341), the median PFS was 11 months
(95% CI, 7.5–14.5) in the alpelisib arm versus
5.7 months (95% CI, 3.7–7.4) in the fulvestrantplacebo group (HR, 0.65; 95% CI, 0.50–0.85;
P < 0001). In contrast, in the PIK3CAwt cohort
(n = 231), alpelisib administration was not associated
with a significant effect in PFS (7.4 versus
5.6 months; HR 0.85; 95% CI, 0.58–1.25).
As observed with the initial phase I clinical
trials, alpelisib toxicity was associated with specific
p110α inhibition and included hyperglycemia (allgrade, 63.7% versus 9.8% for the alpelisib and
placebo arms, respectively), diarrhea (57.7% 15.7%)
and rash (35.6% versus 5.9%). Permanent
discontinuation of alpelisib or placebo due to AEs
occurred in 25% of patients in the alpelisib group
versus 4.2% in the placebo arm; hyperglycemia and
rash were the two main AEs leading to
discontinuation of alpelisib. These toxicities were
observed despite the exclusion of patients with
diagnosed type 1 diabetes or uncontrolled type 2
diabetes. Moreover, the clinical trial was amended
during its course to restrict the inclusion of patients
with pre-diabetes and to provide guidelines for early
management of hyperglycemia.
Results from the SOLAR-1 trial led to the
approval by the Food and Drug Administration
(FDA) of alpelisib in combination with fulvestrant
for postmenopausal women, and men, with
HR+/HER2-, PIK3CA-mutated, advanced or MBC
as detected by an FDA-approved test following
progression on or after an endocrine-based regimen.
The currently approved companion diagnostic test is
therascreen®PIK3CA RGQ PCR Kit (QIAGEN
Manchester, Ltd., Germany), to select patients who
have PIK3CA mutations in tumor tissue specimens
and/or ctDNA isolated from plasma specimens. The
recommendation by the FDA is to initially carry out
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the test in ctDNA and if the test is negative for
PIK3CA mutations in plasma, patients should
undergo testing for PIK3CA mutations in tumor
tissue. Outside the United States, there is no
mandatory companion diagnostic test to determine
PIK3CA mutation status. A question remains as to
whether to use tumor tissue or ctDNA for its
determination. A subgroup analysis from the
SOLAR-1 phase III trial evaluating PFS by
PIK3CA-mutational status measured in ctDNA
observed that assessing mutational status via liquid
biopsy resulted in even larger clinical benefit
compared with tissue biopsy, with improvement of
median PFS from 3.7 months to 10.9 months.
Indeed, while patients with PIK3CA mutations
evaluated in tissue samples had a 35% reduction in
risk for disease progression, the risk reduction was
45% for patients with PIK3CA mutations identified
in ctDNA. Moreover, in the combined analyses from
the BELLE-2 and BELLE-3 clinical trials,
PIK3CAmut tumors derived more benefit from
buparlisib treatment as compared with PIK3CAwt,
although this benefit seemed to be numerically
higher when the PIK3CA mutation was identified by
BEAMing in ctDNA as compared with those
identified by PCR in tumor tissue. Based on these
results, the easy accessibility of ctDNA and the good
correlation of PIK3CA mutation status determined
by ctDNA and tumor tissue makes it plausible to
initially use ctDNA and to carry out research for a
PIK3CA mutation in the tumor tissue in the case of
ctDNA negativity.
4. Conclusion
The high frequency of genetic alterations in the
PI3K pathway has provided the rationale for
development of inhibitors targeting PI3K/AKT
PMID: 31828441.
Piqray is the first PI3K inhibitor to demonstrate
a clinically meaningful benefit in treating patients
with breast cancer harboring specific mutatinos. The
ability to target treatment to a patient’s specific
genetic mutation or biomarker is becoming
increasingly common in cancer treatment, and
companion diagnostic tests assist oncologists in
selecting patients who may benefit from these
targeted treatments.
This is a promising result, but only a small but
important step in our fight against breast cancer.
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