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1 |  INTRODUCTION

Breast cancer is the most common cancer diagnosed in 
women and is the leading cause of cancer-related deaths 
worldwide.1 In the United States, there will be an estimated 
168  292 patients living with metastatic breast cancer in 
2020.2 Approximately 71% of patients with breast cancer 
have hormone receptor-positive (HR+), human epidermal 
growth factor receptor 2-not-amplified (HER2-negative) 

disease, which is associated with a favorable short-term 
prognosis.3 Current treatment options for HR+, HER2-
negative advanced breast cancer (ABC) include endocrine 
therapies (eg, tamoxifen and aromatase inhibitors), targeted 
therapies (eg, cyclin-dependent kinase 4/6 [CDK4/6] inhib-
itors), and chemotherapy.3,4

The HR+, HER2-negative tumors are less sensitive 
to chemotherapy and, despite demonstrating improved 
clinical outcomes, patients eventually develop resistance 
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Abstract
Breast cancer is the most common cancer in women, and approximately 71% of car-
cinomas are hormone receptor-positive (HR+) and human epidermal growth factor 
receptor 2-not-amplified (HER2-negative). Pathogenesis of breast cancer is associ-
ated with dysregulation of several signaling pathways, including the phosphatidylin-
ositol-3-kinase (PI3K) pathway. PIK3CA, the gene encoding PI3K catalytic subunit 
p110α, is mutated in 20%-40% of breast cancer patients. Several PI3K inhibitors 
have been developed and one, alpelisib, was recently approved for use in PIK3CA-
mutated, HR+, HER2-negative advanced breast cancer. There are numerous types of 
assays and methods used in clinical studies to determine PIK3CA status in cancers. 
Additionally, there are several factors to consider for PIK3CA testing in clinical prac-
tice, including choice of assay, source of sample, and test timing. In this review, we 
discuss the use of PIK3CA as a biomarker to guide treatment decisions in patients 
with HR+, HER2-negative advanced breast cancer, as well as practical considera-
tions and recommendations for testing.
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to CDK4/6 inhibitors and endocrine therapies—espe-
cially in the advanced setting.3,4 Other targeted therapies, 
such as phosphatidylinositol-3-kinase (PI3K) inhibitors, 
have been developed to overcome resistance to existing 
therapies.4-6

2 |  THE PI3K SIGNALING 
PATHWAY

The most frequently mutated signaling pathway in all breast 
cancers is the PI3K pathway.7 The PI3Ks are a family of 
lipid and serine/threonine kinases that integrate extracel-
lular stimuli into intracellular signals to regulate various 
pathways that control several physiological functions in-
cluding cellular proliferation, growth, survival, differen-
tiation, and metabolism.7-9 Phosphatidylinositol-3-kinases 
are divided into 3 classes (I, II, III) based on substrate spec-
ificity and structure.9 Of the 3 classes, class I PI3Ks are the 
most extensively studied and most established as a cause of 
many cancer types.9,10

Class I PI3Ks are subdivided into subclasses IA and IB 
in mammals based on their mode of regulation. Class IA 
PI3Ks are composed of a p110 catalytic subunit and a p85 
inhibitory adaptor/regulatory subunit.8,9 The genes PIK3CA, 
PIK3CB, and PIK3CD encode class IA catalytic isoforms 
p110α, p110β, and p110δ, respectively. Class IA and IB 
PI3Ks phosphorylate phosphatidylinositides (PtdIns(4,5)P2) 
in vivo, whereas class III PI3Ks phosphorylate PtdIns. Some 
evidence suggests that class II PI3Ks may also preferentially 
phosphorylate PtdIns in vivo.9

3 |  RATIONALE FOR TARGETING 
PIK3CΑ  IN ABC

Constitutive activation of the PI3K pathway is commonly re-
lated to oncogenesis.9 Class I PI3Ks, which include PI3Kα, 
PI3Kβ, PI3Kγ, and PI3Kδ, are aberrantly activated in breast 
cancer.7 The most common mechanism leading to constitu-
tive activation of the PI3K pathway is the somatic loss of 
phosphatase and tensin homologue (PTEN) by genetic or 
epigenetic alterations. Other mechanisms of PI3K pathway 
activation include the activation of receptor tyrosine kinases 
(RTKs) and PI3K isoform mutations, duplications, and/or 
overexpression.9

In breast cancer, PIK3CA mutations are the most 
frequent alterations in the PI3K pathway, with at least 
80% occurring within the helical (E542K and E545K) 
and kinase (H1047R) domains of p110α.11 Mutations in 
PIK3CA have been reported in 20%-40% of breast can-
cer cases, and their incidence also varies across differ-
ent breast cancer molecular subtypes.11-13 The incidence 

of PIK3CA mutations has been estimated at 36%-45% of 
HR+, HER2-negative breast cancers; up to 40% of HER2-
positive breast cancers; and 9%-14% of triple-negative 
breast cancers.12,14,15

Regarding PIK3CA mutation as a prognostic factor, 
there are conflicting results on the association of PIK3CA 
mutations and breast cancer outcome.16 A pooled analysis 
showed that the presence of PIK3CA mutations is a negative 
prognostic factor (pooled overall survival [OS], disease-free 
survival [DFS], and progression-free survival [PFS]) in 
breast cancer.13 It has been suggested that PIK3CA may 
offer a differing prognostic role in early versus advanced 
or metastatic BC. Data from 10 319 early breast cancer pa-
tients with known PIK3CA genotype showed that PIK3CA 
mutations were associated with better invasive DFS, dis-
tant DFS, and OS. However, it should be noted that after 
adjusting for other factors including treatment, estrogen 
receptor/HER2 status, and tumor grade, the effect only re-
mained significant for invasive DFS.17 In a recent subgroup 
analysis of the SAFIR02 study, patients with PIK3CA-
mutated, HR+, HER2-negative metastatic breast cancer 
were found to be less sensitive to chemotherapy and pre-
sented with shorter survival than patients without PIK3CA 
alterations (OS hazard ratio [HR] 1.44; 95% CI, 1.02-2.03; 
P  =  .039).18 In agreement with this, a systematic review 
of 12 studies conducted in HR+, HER2-negative metastatic 
breast cancer reported worse prognosis in patients whose 
cancers had PIK3CA mutations compared with wild-type 
when treated with non-PI3K inhibitors. Notably, in patients 
treated with PI3K inhibitors, improved PFS was observed 
in the PIK3CA-mutant cohort.19 However, other meta-anal-
yses have reported the presence of PIK3CA mutations to 
be associated with better relapse-free survival.20 Overall, 
the prognostic significance of PIK3CA alterations in breast 
cancer remains inconclusive.

Mutations in PIK3CA may be found alongside HER2 
amplification and PTEN loss, which also enhance PI3K sig-
naling activity.20 Phosphatase and tensin homologue protein 
loss is found in 35% of triple-negative; 11% of HR+, HER2-
negative; 5% of HR+, HER2-positive; and 6% of HR–, 
HER2-positive breast cancers.21

Loss of PTEN is also thought to be associated with 
trastuzumab resistance. Preclinical studies have shown 
that PIK3CA-activating mutations and/or PTEN loss di-
minishes the growth inhibitory effects of trastuzumab, 
and trastuzumab-resistant cell lines have been shown to 
respond to a selective PI3K inhibitor. In clinical studies, 
PTEN loss and/or PIK3CA-activating mutations have been 
associated with poor clinical outcomes and were not as-
sociated with outcomes related to treatment with trastu-
zumab. Despite worsening clinical outcomes, patients 
with PTEN loss still demonstrated benefit from trastu-
zumab treatment.21
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4 |  PI3K INHIBITOR PHASE 
3 CLINICAL TRIAL TESTING 
METHODS AND OUTCOMES

4.1 | Pan-PI3K inhibitor: Buparlisib

Buparlisib is an oral pan-PI3K inhibitor that targets all four 
isoforms of class I PI3K. BELLE-2 was a phase 3 trial that 
evaluated the safety and efficacy of buparlisib in combina-
tion with fulvestrant in postmenopausal women with aro-
matase inhibitor-resistant HR+, HER2-negative ABC. The 
status of PI3K in archival tumor tissue was determined dur-
ing a 14-day run-in treatment phase using Sanger sequencing 
of the PIK3CA gene and immunohistochemistry of PTEN 
protein expression. Patients were classified into three cat-
egories: (a) PI3K pathway activated—if Sanger sequenc-
ing detected a mutation in PIK3CA exons 1, 7, 9, or 20, or 
if there was a loss of PTEN expression; (b) PI3K pathway 
non-activated; and (c) PI3K pathway unknown—if the as-
sessment was uninterpretable. Plasma samples for circulating 
tumor DNA (ctDNA) analysis were collected at study entry 
for all randomized patients. Analysis was done using beads, 
emulsification, amplification, and magnetics (BEAMing) 
based on a predefined panel of 15 PIK3CA mutations in 
exons 1, 7, 9, and 20 (Arg88Gln, Arg93Trp/Gln, Lys111Glu/
Asn, Gly118Asp, Glu365Lys, Cys420Arg, Glu542Lys, 
Glu545Gly/Lys, Gln546Lys, and His1047Arg/Leu/Tyr) 
(Table 1).5,22-27 Patients treated with buparlisib (n = 576) had 
significantly improved median PFS (mPFS) compared with 
placebo (n = 571; 6.9 vs 5.0 months; HR 0.78; P = .00021). 
A significant improvement in mPFS was also observed in bu-
parlisib-treated patients with known PI3K status and patients 
with an activated PI3K pathway (Table 1). Exploratory anal-
ysis using ctDNA showed that patients with PIK3CA muta-
tions (n = 200) had longer PFS when treated with buparlisib 
compared with placebo (Table 1). This was not observed in 
the ctDNA PIK3CA nonmutant cohort (n = 387).22

In BELLE-2, the most common grade 3/4 adverse events 
(AEs) in the buparlisib group (n = 573) were elevated ala-
nine aminotransferase (ALT; 25%), elevated aspartate amino-
transferase (AST; 18%), hyperglycemia (15%), and rash (8%). 
Serious AEs occurred more frequently in the buparlisib group 
(23%) compared with placebo (16%). Mood disorders such as 
depression and anxiety were more common in the buparlisib 
group (buparlisib vs placebo: 26% vs 9% for depression and 
22% vs 8% for anxiety). Suicidal ideation was noted in three 
patients in the buparlisib group and two in the placebo group, 
but no suicide attempts were reported. There were no noted 
occurrences of treatment-related deaths.22

The phase 3 BELLE-3 trial evaluated the safety and ef-
ficacy of buparlisib in combination with fulvestrant in post-
menopausal women with HR+, HER2-negative ABC who 
progressed on/after an aromatase inhibitor and resistant to 

endocrine therapy plus everolimus. Plasma samples collected 
at screening or at cycle 1, day 1 were analyzed for PIK3CA mu-
tations status at exons 9 (Glu542Lys, Glu545Lys, Glu545Gly, 
Gln546Lys) and 20 (Met1043Ile, His1047Tyr, His1047Arg, 
His1047Leu) using the Inostics BEAMing assay for ctDNA 
analysis. Mutation status of PIK3CA was also analyzed via 
the Roche cobas® PIK3CA assay that covers exons 7, 9, and 
20, using new or archival primary or metastatic tumor sam-
ple (Table 1).5,22-27 Patients enrolled in the trial (N = 432) 
who were treated with buparlisib (n  =  289) had signifi-
cantly longer mPFS compared with placebo (n  =  143; 3.9 
vs 1.8 months; HR 0.67; P = .0003). Consistent with the re-
sults of BELLE-2, patients with PIK3CA mutation by ctDNA 
treated with buparlisib (n = 100) also had significantly longer 
mPFS compared with placebo (Table 1).23

The safety profile of buparlisib plus fulvestrant in the 
BELLE-3 trial was consistent with that of the BELLE-2 trial. 
Serious AEs were reported in 22% and 16% of buparlisib 
and placebo groups, respectively. Adverse events that led to 
dose interruptions were more frequent in the buparlisib group 
than in the placebo group (36% vs 9%), as were dose reduc-
tions (31% vs 8%) or discontinuation (21% vs 5%). The most 
common reasons (all-grade AEs) for permanent discontinu-
ation of treatment with buparlisib were elevated ALT (6%), 
elevated AST (4%), and depression (2%). Suicidal ideation 
was noted in both treatment groups (2% vs 1%), and three 
suicide attempts were reported in the buparlisib group. Most 
on-treatment deaths were due to metastatic breast cancer, 
but two were considered treatment-related (cardiac failure 
[n = 1] in the buparlisib group and unknown reason [n = 1] 
in the placebo group).23

Efficacy results from BELLE-2 and BELLE-3 demon-
strated that patients with PIK3CA-mutant, HR+, HER2-
negative ABC benefited more from treatment with a PI3K 
inhibitor than patients without PIK3CA mutations. However, 
the toxicity associated with buparlisib did not support fur-
ther development of the combination of buparlisib and 
fulvestrant.22,23

4.2 | Beta-sparing PI3K inhibitor: Taselisib

The efficacy and safety of taselisib, a beta-sparing28 PI3K 
inhibitor with enhanced activity in PIK3CA mutated breast 
cancer cell lines, were evaluated in the phase 3 SANDPIPER 
trial. PIK3CA mutation status was identified using central-
ized Roche cobas test (which detects the following mutations: 
R88Q, N345K, C420R, E542K, E545A/G/K/D, Q546K/R/
E/L, M1043I, H1047L/R/Y, G1049R) (Table 1).5,22-27 A total 
of 631 postmenopausal patients with ER+, HER2-negative 
ABC who had disease recurrence or progressed on aro-
matase inhibitor were included, 516 of whom were PIK3CA-
mutant. Taselisib in combination with fulvestrant improved 
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investigator-assessed mPFS compared with fulvestrant alone 
(Table 1). The most frequent AEs of any grade in the taselisib 
group were diarrhea (60%), hyperglycemia (40%), stomati-
tis (33%), nausea (34%), decreased appetite (26%), and rash 
(25%). Grade 3/4 AEs occurred in 50% of patients in the 
taselisib-plus-fulvestrant group and only 16% in the placebo-
plus-fulvestrant group. Serious AEs were also more common 
in the taselisib group, occurring in 32% compared with 9% 
in the placebo group. Adverse events led to taselisib discon-
tinuation, dose interruption, and dose reduction in 17%, 41%, 
and 37% of patients, respectively. Overall, investigators con-
cluded that taselisib had a modest benefit but an unfavorable 
safety profile.24

4.3 | Alpha-specific PI3K 
inhibitor: Alpelisib

Alpelisib is an alpha-specific PI3K inhibitor used in combi-
nation with fulvestrant for the treatment of postmenopausal 
women and men with HR+, HER2-negative, PIK3CA-mutated 
ABC. In the phase 3 SOLAR-1 trial (NCT02437318), the 
safety and efficacy of alpelisib in combination with fulves-
trant were evaluated in patients with HR+, HER2-negative 
ABC who received prior endocrine therapy.5 Mutation status 
of PIK3CA in SOLAR-1 was determined by using a validated 
clinical trial assay and was transitioned to QIAGEN theras-
creen® PIK3CA RGQ polymerase chain reaction (PCR) kit to 
detect mutation hotspots in the C2 (C420R), helical (E542K, 
E545A, E545D, E545G, E545K, E545X, Q546E, Q546R, 
Q546X), and kinase domains (H1047L, H1047R, H1047X, 
H1047Y) of PI3K (exons 7, 9, and 20, respectively).25 
Formalin-fixed, paraffin-embedded tumor samples were 
used for testing of samples obtained at initial diagnosis or at 
the most recent biopsy. In addition, ctDNA was obtained at 
baseline and analyzed by PCR to evaluate PFS by PIK3CA 
mutation status26 (Table 1).5,22-27

A total of 572 patients were included in the trial, 341 of 
whom had PIK3CA-mutated ABC by tissue analyses, while 
231 were included in the PIK3CA-nonmutated cohort.5,26 
The primary endpoint of PFS in the PIK3CA-mutant cohort 
was met. Progression-free survival in the PIK3CA-mutant 
cohort was significantly longer in the alpelisib-plus-ful-
vestrant group compared with the placebo-plus-fulvestrant 
group (11.0 vs 5.7 months; HR 0.65; P = .00065). Notably, 
the proof-of-concept criteria to determine if treatment bene-
fit was obtained in the PIK3CA-nonmutant cohort were not 
met.5

The most common AEs of any grade that occurred in the 
alpelisib-plus-fulvestrant group were hyperglycemia (64%), 
diarrhea (58%), nausea (45%), decreased appetite (36%), and 
rash (36%). Patients who discontinued treatment due to AEs 
with alpelisib and placebo were 25% and 4.2%, respectively. 

Hyperglycemia was the most common AE leading to al-
pelisib discontinuation, occurring in 6.3% of patients.5,29 In 
patients treated with alpelisib, diabetic and prediabetic pa-
tients demonstrated greater mean increases in fasting plasma 
glucose from baseline than patients with normal glucose at 
baseline.26

In patients with PIK3CA mutations detected in ctDNA 
(n  =  186), PFS was found to be significantly improved in 
alpelisib-treated patients compared with placebo (10.9 vs 
3.7  months; HR 0.55; P value not specified), consistent 
with the PFS results in PIK3CA-mutant tissue samples.26 
Retrospective testing (n  =  415) using the FoundationOne 
CDx® 324-gene panel next-generation sequencing (NGS) 
assay was done to further characterize PIK3CA alterations 
observed in patients from SOLAR-1.25 The PIK3CA muta-
tion status was generally consistent between PCR used at 
screening to classify patients and the NGS assay.25 Patients 
with altered PIK3CA status (as determined by NGS) showed 
a very similar improvement in PFS when alpelisib was added 
to fulvestrant treatment27 (Table 1).5,22-27 Overall, the results 
of SOLAR-1 suggest that PIK3CA mutation status predicts 
response to alpelisib.

5 |  PRACTICAL 
CONSIDERATIONS FOR PIK3CA 
TESTING

In clinical practice, breast cancer patients may undergo core 
biopsy, providing adequate tissue for diagnosis and bio-
marker testing, with an option for subsequent excisional bi-
opsy or mastectomy.30 As such, there is typically sufficient 
tissue available. However, it can be challenging to implement 
biomarker testing across samples in clinical trials—espe-
cially when there is a limited amount of tumor sample.31 As a 
recent example, 27% of patients in the SOLAR-1 trial did not 
undergo NGS testing due to insufficient quantity or quality of 
the tissue samples.25

Another important issue is tissue preservation and prepa-
ration, which can affect the sample quality. Delays in fixa-
tion may lead to degradation of RNA and protein, which may 
cause alteration of immunohistochemical results; however, 
the American Society of Clinical Oncology—College of 
American Pathologists (ASCO-CAP) guideline recommen-
dations for biomarker testing have practically eliminated this 
as an issue with requirements for immediate fixation for a 
duration of 6 hours and not to exceed 72 hours and mandatory 
recording of the times in the surgical pathology report.32-37 
Other factors that should be taken into consideration include 
the type of test required, concordance between different tests, 
and testing centers. Communication between the clinicians 
and pathologists is essential to determine the type of sample, 
method of processing, and tests required.31
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Tumor heterogeneity and evolution should also be con-
sidered. For some types of alterations, increased rates of 
cell proliferation and mutation combined with genomic 
instability lead to significant genetic variations and in-
tratumor heterogeneity; however, such heterogeneity for 
standard breast cancer biomarkers is observed in only 
approximately 1% of primary breast cancer biopsies.31,38 
Incidence of tumor heterogeneity within metastases may 
also occur more frequently relative to primary sites—in-
cluding occurrence of ESR1 mutations in metastases that 
lead to acquired resistance to antiestrogen therapy (such 
as aromatase inhibitors).39-41 Hence, it has been suggested 
that biomarker testing should be done in both the primary 
and metastatic/recurrent lesions to account for tumor het-
erogeneity.42 However, it may be difficult to obtain met-
astatic specimens of adequate quality since core biopsy 
specimens tend to be smaller, which can result in insuffi-
cient sample for molecular analysis and lead to impurities 
due to stromal contamination. Re-biopsies may not always 
be feasible due to the locations of the metastatic site, and 
the procedure may be associated with increased morbidity. 
Furthermore, a comparative genomic analysis done com-
paring the primary tumors and matched metastatic lesions 
from 23 patients with breast cancer showed that mutational 
profiles were concordant except for one patient.43 Thus, 
overall, the choice of targeted therapy may change rela-
tively infrequently when the metastatic lesion is profiled 
versus the primary lesion.

Although there are multiple types of assays available for 
screening, two of the most commonly used assays in clin-
ical trials for breast cancer are PCR and NGS. Polymerase 
chain reaction assays are low-cost, sensitive, rapid tests 
that can detect specific target mutations but do not pro-
vide a comprehensive analysis of genes being investigated. 
Next-generation sequencing assays are highly sensitive and 
also have the ability to assay all mutations in the genome, 
including rare sequences and complex mutations.31,44 In 
the retrospective NGS analysis of PIK3CA mutation in 
SOLAR-1, NGS was able to detect 60 different mutations 
across multiple exons and five copy number variations, in 
contrast to point mutations across three exons by PCR. In 
addition, out of 175 patients assigned to the nonmutant co-
hort by PCR, NGS testing revealed that 28 (16%) of these 
patients had a PIK3CA alteration. Also, NGS detected mul-
tiple PIK3CA mutations in 44 patients, six of whom had 
no detected mutations by PCR.25 Despite increased sen-
sitivity and wider coverage, NGS does have some draw-
backs, including higher cost and longer turnaround time.31 
Currently, two assays have been approved by the US Food 
and Drug Administration for PIK3CA testing in advanced 
breast cancer. The therascreen PIK3CA RGQ PCR Kit 
(QIAGEN GmbH) is a companion diagnostic approved for 
use with alpelisib in combination with fulvestrant for the 

treatment of HR+, HER2-negative PIK3CA-mutated ad-
vanced or metastatic breast cancer (following progression 
on or after an endocrine-based regimen).6,21,45 The assay 
is capable of detecting 11 frequently observed mutations 
in the PIK3CA gene (exon 7: C420R; exon 9: E542K, 
E545A, E545D [1635G>T only], E545G, E545K, Q546E, 
Q546R; and exon 20: H1047L, H1047R, H1047Y).45,46 The 
FoundationOne® CDx assay is also approved as a compan-
ion diagnostic for detection of those mutations.47

Tissue-based testing is considered standard for diagno-
sis and treatment selection because of its widespread use 
and the availability of substantial evidence to support its 
use in early and advanced cancers.48-50 Molecular charac-
terization of tumor tissue samples remains the current gold 
standard of personalized medicine.49 However, tissue-based 
testing is invasive, may be associated with complications 
of biopsy, and may not be feasible for all patients (patient 
too ill, or site not accessible to biopsy).48,51 In recent years 
focus has shifted to DNA-based biomarkers. In contrast to 
tissue-based testing, ctDNA assays are minimally invasive, 
making them ideal for serial monitoring.52 Compared with 
protein-based biomarkers, ctDNA has a greater dynamic 
range and shorter half-life (<2.5  hours), which allows it 
to be a more sensitive indicator of tumor progression and 
treatment response. Genetic alterations leading to treatment 
resistance may also be identified using ctDNA. Studies 
have demonstrated that ctDNA can be used to detect early 
recurrence in asymptomatic breast cancer patients who 
have undergone curative surgery. However, detection of 
early recurrence via biomarker analysis has not yet been 
shown to improve patient outcomes. Further, disease recur-
rence may occur without an increase in biomarker levels. 
Studies also suggest that in addition to identifying mech-
anisms of acquired resistance, these assays can be used to 
monitor treatment response in patients with ABC.52 Serial 
plasma specimens collected from 30 women with ABC re-
ceiving systemic therapy were analyzed for ctDNA to mon-
itor tumor burden using assays that were designed to detect 
somatic genomic alterations (including point mutations in 
PIK3CA and TP53) previously identified using targeted or 
whole genome sequencing. In addition, cancer antigen 15-3 
(CA 15-3) and circulating tumor cells (CTC) were mea-
sured at the same time points.53 CA 15-3 is a serum bio-
marker that can be used to monitor treatment and prognosis 
of patients with breast cancer, but it has low sensitivity 
and specificity.52,53 ctDNA, CA 15-3, and CTC were then 
compared to radiographic imaging, which is the standard 
for noninvasive monitoring of treatment response in ABC. 
ctDNA was identified in 97% (29/30) of samples, while 
CA 15-3 and CTC were detected in 78% (21/27) and 87% 
(26/30) of women, respectively. ctDNA was found to have 
a greater correlation with changes in tumor burden than CA 
15-3 and CTC and also provided the earliest measure of 
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treatment response in 53% (10/19) of women.53 Studies are 
also mostly retrospective; hence, further clinical validity 
and utility studies using ctDNA-based monitoring are still 
needed.48 ctDNA assays are also relatively expensive, labor 
intensive, and not widely available. Examples of ctDNA 
biomarkers in breast cancer include ESR1, PIK3CA, and 
TP53.52 For the alpelisib PCR companion diagnostic, 
ctDNA derived from plasma of breast cancer patients or 
genomic DNA extracted from tumor tissue can be used.46

6 |  RECOMMENDED PIK3CA 
TESTING PRACTICES

The results of phase 3 trials have been informative and sup-
port the utility of PIK3CA mutation testing to guide treat-
ment decisions in patients with HR+, HER2-negative ABC. 
These results also demonstrate the importance of stratifica-
tion based on genetic testing at randomization (particularly 
the BELLE-3 trial).23

Overall, the reverse transcriptase PCR-based companion 
diagnostic for alpelisib is likely sufficient for most clini-
cians’ needs. However, the assay is limited to the detection of 
specific mutations and does not account for less commonly 
observed mutations in PIK3CA, PIK3CA copy number alter-
ations, or alterations in other genes relevant to PI3K signaling 
activity such as PTEN.46 When adequate resources are avail-
able, clinicians may want to consider supplemental testing to 
detect a wider array of PI3K pathway aberrations.

As discussed above, there is substantial agreement be-
tween primary and metastatic lesions, so either source 
would be acceptable for informing treatment decisions.43 
To address potential concerns with sample quality and 

degradation as well as potential tumor evolution over time, 
it is recommended to coordinate efforts and use fresh sam-
ples for testing when possible.31 In terms of timing, it is 
recommended to test for PIK3CA mutation at diagnosis of 
metastatic disease to see if the patient is suitable for al-
pelisib treatment (Figure 1).

Although liquid biopsies are increasingly utilized, caution 
is warranted. Most patients have concordant tissue and liquid 
biopsy results, but liquid biopsies have a lower sensitivity and 
discordant results can occur. In most cases of discordance, 
the tissue sample is positive while the liquid biopsy does not 
detect a mutation. Hence, it is recommended that a reflex 
tumor tissue biopsy is done when no mutation is detected via 
liquid biopsy. When liquid biopsy does not detect a mutation, 
this may mean either the absence of the mutation in the tumor 
or a low amount of ctDNA in the sample. When a mutation 
is detected in liquid biopsy but not in tissue, it may be due 
to either temporal (archival tumor specimen) or spatial (sub-
clonal mutation) heterogeneity.48 A tissue sample only rep-
resents a single tumor region (one primary or metastatic site) 
and provides a snapshot of the time the sample was taken. 
Thus, it would not be reflective of the entire tumor molecular 
landscape.48,50 In contrast, liquid biopsy may capture tumor 
sample ctDNA arising from all metastatic sites and can be 
done sequentially.48,50 Patients with tumor-undetected and 
liquid biopsy-positive results are less likely to benefit from 
targeted therapy due to tumor heterogeneity. Lastly, an assay 
error may also occur that could give false-negative tissue 
genotyping or a false-positive ctDNA genotyping. It is also 
important to consider that there is no consensus regarding 
the timing of biomarker analysis. For early-stage cancer, the 
clinical utility of using ctDNA for diagnosis is limited be-
cause mutations are generally detected at a lower rate than 

F I G U R E  1  Potential timepoints for tissue and liquid biopsy testing in HR+/HER2–ABC. ABC, advanced breast cancer; dMMR, mismatch 
repair deficient; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MSI-H, microsatellite instability-high; PE, physical 
examination; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha. †Otherbiomarkers:BRCA1/BRCA2, NTRK fusion, 
MSI-H/dMMR.30 ‡therascreen® PIK3CA RGQ PCR Kit (tissue and plasma) and FoundationOne® CDx(tissue).47,55

ABC, advanced breast cancer; dMMR, mismatch repair deficient; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MSI-H, microsatellite instability-high; PE, 
physical examination; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha.
†Other biomarkers: BRCA1/BRCA2, NTRK fusion, MSI-H/dMMR
‡therascreen® PIK3CA RGQ PCR Kit (tissue and plasma) and FoundationOne® CDx (tissue)
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in advanced cancers. In advanced cancers, literature supports 
the use of ctDNA for treatment selection during disease pro-
gression rather than when the patient is still responding to 
prior therapy. When a tumor is responding to therapy, ctDNA 
levels may be low, thus decreasing odds of mutation detec-
tion (if present).48

Although NGS-based assays can detect genomic varia-
tions that may respond to targeted therapy, clinical utility in 
breast cancer outside of clinical trials has yet to be estab-
lished.48,54 A retrospective study was done in 44 metastatic 
breast cancer patients who underwent targeted NGS test-
ing (FoundationOne) using the Illumina HiSeq 2000 plat-
form. Sixteen patients were ER+, 4 were HER2-positive, 
and 24 were triple-negative. Almost all patients (n  =  42, 
95%) had actionable mutations, but only 55% (n = 23) of 
those with actionable mutations initiated targeted therapy, 
which suggests a lack of access to targeted therapies with 
approved indications and a lack of enrolling clinical trials.54 
However, as suggested by results from the SOLAR-1 study, 
a number of patients were initially classified as not hav-
ing altered PIK3CA by reverse transcriptase PCR analysis 
who were later reclassified after NGS testing. Further stud-
ies are needed to determine the incidence of rare PIK3CA 
mutations and to understand the impact of these mutations 
on clinical outcomes in the HR+, HER2-negative ABC 
population.

7 |  SUMMARY AND CONCLUDING 
REMARKS

In a disease wherein molecularly targeted therapies have been 
limited to HER2 and estrogen receptor, PI3K inhibitors are 
a new class for which PIK3CA mutations predict response. 
Although CDK4/6 inhibitor-based regimens have become 
the standard of care for advanced HR+, HER2-negative 
ABC, the only biomarker that appears to predict response for 
that class of drugs is ESR1, which is not the molecular target. 
Although further studies are needed to establish the prognos-
tic significance of PIK3CA mutations in advanced breast can-
cer, PIK3CA mutations predict a favorable response to PI3K 
inhibitor treatment.

When testing for PIK3CA mutations in ABC, various 
factors should be considered by pathologists and oncolo-
gists, including choice of assay, sample availability, sample 
collection and preparation, time of screening, and tumor 
heterogeneity and evolution.14,16,31,44 Liquid biopsy tech-
nology is evolving but requires further evaluation. As pre-
viously noted, reflex tumor tissue biopsy is recommended 
for negative results due to considerable rates of discor-
dance with tumor genotyping.48 Next-generation sequenc-
ing-based assays can be considered but may have limited 
utility or availability in most clinical settings depending 

on expertise and reimbursement considerations. However, 
as additional molecular targets are identified in breast 
cancer, it is possible that NGS may become the standard 
of care for testing similar to what has occurred for stage 
IV lung cancer. With the approval of alpelisib along with 
therascreen PIK3CA RGQ PCR Kit (QIAGEN GmbH) and 
FoundationOne® CDx as companion diagnostics, PIK3CA 
testing practices may become standardized and widespread, 
and real-world use should provide more information about 
the incidence and pathology of various PIK3CA alterations 
in HR+, HER2-negative ABC.
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