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Abstract: The PI3K/AKT/mTOR pathway has long been known to play a major role in 
the growth and survival of cancer cells. Breast tumors often harbor PIK3CA gene 
alterations, which therefore constitute a rational drug target. However, it has taken 
many years to demonstrate clinically-relevant efficacy of PI3K inhibition and eventually 
attain regulatory approvals. As data on PI3K inhibitors continue to mature, this review 
updates and summarizes the current state of the science, including the prognostic role of 
PIK3CA alterations in breast cancer; the evolution of PI3K inhibitors; the clinical utility 
of the first-in-class oral selective PI3Kα inhibitor, alpelisib; PIK3CA mutation detection 
techniques; and adverse effect management. PIK3CA-mutated breast carcinomas predict 
survival benefit from PI3K inhibitor therapy. The pan-PI3K inhibitor, buparlisib and the 
beta-isoform-sparing PI3K inhibitor, taselisib, met efficacy endpoints in clinical trials, but 
pictilisib did not; moreover, poor tolerability of these three drugs abrogated further 
clinical trials. Alpelisib is better tolerated, with a more manageable toxicity profile; the 
principal adverse events, hyperglycemia, rash and diarrhea, can be mitigated by intensive 
monitoring and timely intervention, thereby enabling patients to remain adherent to 
clinically beneficial treatment. Alpelisib plus endocrine therapy shows promising efficacy 
for treating postmenopausal women with HR+/HER2– advanced breast cancer. Available 
evidence supporting using alpelisib after disease progression on first-line endocrine 
therapy with or without CDK4/6 inhibitors justifies PIK3CA mutation testing upon 
diagnosing HR+/HER2– advanced breast cancer, which can be done using either tumor 
tissue or circulating tumor DNA. With appropriate toxicity management and patient 
selection using validated testing methods, all eligible patients can potentially benefit 
from this new treatment. Further clinical trials to assess combinations of hormone 
therapy with PI3K, AKT, mTOR, or CDK 4/6 inhibitors, or studies in men and women 
with other breast subtypes are ongoing. 
Keywords: HR+/HER2− advanced/metastatic breast cancer, PIK3CA mutation test, alpelisib 
PI3K alpha-selective inhibitor, prognosis, survival benefit, toxicity management

Introduction
Breast cancer is the most common malignancy in women and the second most common 
cancer-related cause of death among women in the United States (US).1 The phosphoi-
nositide 3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway is 
involved in cell survival and human cancers.2 The PIK3CA gene, which encodes the 
p110α (catalytic subunit alpha) of PI3K protein, has often mutated in breast cancer, 
especially in hormone receptor positive/human epidermal growth factor receptor 2 
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negative (HR+/HER2−) breast cancer, also termed luminal 
subtype.3 Alpelisib is an oral α-specific PI3K inhibitor 
approved by the US Food and Drug Administration (FDA) 
for use in combination with fulvestrant to treat postmenopau-
sal women with HR+/HER2−, PIK3CA-mutated, advanced or 
metastatic breast cancer that has progressed following treat-
ment with an endocrine-based regimen.4 This review focuses 
on drug development, patient selection, and clinical perspec-
tives on using PI3K inhibitors to treat breast cancer.

Biochemistry of the PI3K Signaling 
Pathway
Three PI3K classes have been discovered, of which class 
IA PI3K, a heterodimer comprising a p85 regulatory sub-
unit and a p110 catalytic subunit,5 is clearly implicated in 
human cancers.6 The genes PIK3CA, PIK3CB, and 
PIK3CD encode three homologous class IA catalytic iso-
forms: p110α, p110β, and p110δ, respectively.7 In usual 
state, the PI3K p85 regulatory subunit interacts with p110 
and inhibits its kinase activity, upon the receptor tyrosine 
kinase activation; the p110 is relieved,8,9 then phosphor-
ylates phosphatidylinositol (4,5)-bisphosphate (PIP2) to 
generate phosphatidylinositol (3,4,5)-trisphosphate (PIP3) 
at the plasma membrane. The second messenger PIP3 
enables phosphorylation of the serine/threonine kinase 
AKT and of 3-phosphoinositide-dependent protein 

kinase-1 (PDK-1).10–12 Moreover, PDK-1 also activates 
AKT, which phosphorylates many downstream kinases, 
including the mammalian target of rapamycin (mTOR) 
complex.13,14 This phosphorylation cascade regulates cell 
survival and metabolism (Figure 1).15 On the other hand, 
the tumor suppressor phosphatase and tensin homolog 
(PTEN) dephosphorylates PIP3, counteracting PI3K 
signaling.16

PI3K Signaling Pathway Alterations in 
Breast Cancer
In breast cancer, the PI3K signaling pathway can be acti-
vated in two ways: one involves alterations (amplification 
or activating mutations) in genes that encode molecules 
which participate in the PI3K pathway; the other involves 
activation of upstream receptor tyrosine kinases. Table 1 
summarizes numerous studies that have revealed different 
frequencies of alterations in PI3K pathway components.17 

PIK3CA activating mutations are the most common type, 
with rates of 28–47%, 23–33%, and 8–25% in 
HR+/HER2−, HER2+, and triple-negative breast cancer 
subtypes, respectively.18–24 PIK3CB amplification or 
PIK3R1 inactivating mutations have been reported but are 
uncommon.25,26 Loss-of-function mutations or reduced 
PTEN expression hyperactivate PI3K signaling, and occur 
at frequencies of 29–44%, 22%, and 67% in HR+/HER2−, 

Figure 1 Signaling by the phosphatidylinositol-3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway.
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HER2+, and triple-negative subtypes, respectively.18,19,27,28 

Furthermore, inositol polyphosphate-4-phosphatase type IIB 
(encoded by INPP4B) can inhibit PI3K signaling, and 
reduced INPP4B expression and genomic loss have been 
reported in breast cancer.29,30 Amplification or mutations of 
AKT1, AKT2, and PDK1 hyperactivate AKT and its down-
stream proteins.19,31–33 Amplification of the ribosomal pro-
tein S6 kinase 1 gene (RPS6K1) and activation of RAS are 

infrequent mechanisms known to activate the PI3K 
pathway.34–36 Moreover, alterations that enhance signaling 
from receptor tyrosine kinases, such as HER2,37,38 epider-
mal growth factor receptor (EGFR),39 insulin-like growth 
factor-1 receptor (IGF-1R),40,41 and fibroblast growth factor 
receptor (FGFR),42,43 can also activate the PI3K pathway. 
In HR+/HER2− subtype breast cancer, overactive PI3K 
signaling pathway not only promotes cell proliferation and 

Table 1 Phosphatidylinositol 3-Kinase Pathway Alterations in Human Breast Cancers by Molecular Subtypes

Gene (Protein)Ref Type of Mutation Effect on Signaling Frequency

Luminal HER-2 TN

Activating mutations in PI3K pathway

PIK3CA (p110α)18–24 Activating Hyperactivation of PI3K signaling 28–47% 23–33% 8–25%

PIK3CB (p110β)25 Amplification Unknown 5% of all cases

PIK3R1 (p85α)26 Inactivating Suppressed catalytic activity of p110α 2% of all cases

PTEN18,19,27,28 Loss-of-function or reduced 

expression

Hyperactivation of PI3K signaling 29–44% 22% 67%

INPP4B29,30 Reduced expression or genomic 

loss

Hyperactivation of PI3K signaling 10–33% 54% 53%

AKT119,31 Activating Hyperactivation of AKT 2.6–3.8% 0% 0%

AKT232 Amplification Hyperactivation of AKT 2.8% of all cases

PDK133 Amplification or overexpression Hyperactivation of PDK1 (AKT, TORC1) 22% 22% 38%

RPS6K1 (p70S6K)34 Amplification Unknown 3.8–12.5% of all cases

KRAS35,36 Activating Hyperactivation of PI3K and MEK 4–6% of all cases

Receptor tyrosine kinases activating PI3K pathway

HER237,38 Gene amplification or 

overexpression

Hyperactivation of ErbB2 signaling (PI3K, 

MEK)

10% 100% 0%

EGFR39 Amplification Hyperactivation of EGFR signaling (PI3K, 

MEK)

0.8% of all cases

IGF1R & INSR (IGF-1R, 

InsR)40,41

Receptor activation, IGF1R 

amplification

Activates IGF-IR/InsR signaling (PI3K, 

MEK)

41–48% 18–64% 42%

FGFR142,43 Amplification, activating Hyperactivation of FGFR signaling (PI3K, 

MEK)

8.6–11.6% 5.4% 5.6%

Abbreviations: HER-2, human epidermal growth factor receptor 2; TN, triple negative; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; 
PI3K, phosphoinositide 3 kinase; PIK3CB, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit beta; PIK3R1, phosphatidylinositol 3-kinase, regulatory subunit 1; 
PTEN, phosphatase and tensin homolog; INPP4B, inositol polyphosphate-4-phosphatase, type II; PDK1, phosphoinositide-dependent kinase 1; TORC1, target of rapamycin 
kinase complex 1; RPS6K1, ribosomal protein S6 kinase 1; MEK, mitogen-activated protein kinase; EGFR, epidermal growth factor receptor; IGF-1R, insulin-like growth 
factor-1 receptor; InsR, insulin receptor; FGFR, fibroblast growth factor receptor.
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survival but also plays an important role in endocrine resis-
tance by activating estrogen receptor in an estrogen- 
independent manner.44,45

The Prognosis of Breast Cancer Patients 
with PIK3CA Mutations
Investigations of the prognostic role of PIK3CA muta-
tion in early breast cancer have produced conflicting 
results.46–58 Zardavas et al conducted the largest pooled 
analysis of data from 10,319 patients in 19 studies of 
early breast cancer;59 32% of patients had PIK3CA 
mutations, with prevalence of 37%, 22%, and 18% in 
the HR+/HER2−, HER2+, and HR−/HER2− breast can-
cers, respectively. PIK3CA mutations were significantly 
associated with advanced age, estrogen receptor positiv-
ity (ER+), lower grade, and smaller tumors. In multi-
variate analysis, PIK3CA mutations remained significant 
for better invasive disease-free survival, but not for 
distant disease-free survival or overall survival (OS).

However, PIK3CA mutation has different clinical 
implications in metastatic breast cancer compared with 
early breast cancer. Table 2 summarizes the effect of 
PIK3CA mutations on treatment outcomes of metastatic 
breast cancer in pivotal Phase III clinical trials (only 
FERGI was phase II) that evaluated endocrine therapy 
with or without modern targeted agents.4,60–67 With few 
exceptions, progression-free survival (PFS) among cohorts 
using non-PI3K inhibitor-based therapies was numerically 
shorter in PIK3CA-mutated versus non-mutated patients. 
Signorovitch et al did a meta-regression analysis of the 
association between PIK3CA mutation and PFS, which 
focused on non-PI3K inhibitor therapies in ER+/HER2− 
metastatic breast cancer;68 PIK3CA mutation was consis-
tently associated with significantly shorter PFS for patients 
with ER+/HER2− metastatic breast cancer who received 
non-PI3K inhibitor therapy. In addition, subgroup analysis 
of the SAFIR02 study provided information about the 
effect of PIK3CA mutations in ER+/HER2− metastatic 
breast cancer treated with chemotherapy.69 Among 364 
patients, 337 (93%) had received hormone therapy and 
104 (28%) had PIK3CA mutations, among whom 51% 
had stable disease or objective response after induction 
chemotherapy, compared to 69% in patients with wild- 
type PIK3CA. Patients with PIK3CA mutations also had 
worse OS, with median of 19.6 months versus 23.5 months 
for those without PIK3CA mutations (p = 0.04). 

Multivariate analysis confirmed that PIK3CA mutation 
was associated with chemoresistance and poor OS.69

On the other hand, among cohorts that used PI3K- 
inhibitor based therapies, patients with PIK3CA mutations 
had a significantly better median PFS compared with non- 
mutated patients, highlighting that PIK3CA mutation is 
a predictive marker of PI3K inhibitor benefit (Table 2).

Clinical Trial Results of PI3K 
Inhibitors
Pan-PI3K Inhibitors and Beta 
Isoform-Sparing PI3K Inhibitor
Buparlisib
Buparlisib (BKM120; Novartis Pharmaceuticals, Basel, 
Switzerland) is an oral pan-PI3K inhibitor. Safety and 
efficacy of buparlisib combined with fulvestrant to treat 
patients with HR+/HER2− metastatic breast cancer were 
assessed in two large phase III randomized clinical trials 
(RCTs), BELLE-2 and BELLE-3, in 2nd/3rd-line settings 
or beyond, respectively.62,63 BELLE-2 enrolled postmeno-
pausal women with HR+/HER2− metastatic breast cancer 
that progressed during/after aromatase inhibitor (AI) treat-
ment and up to one previous line of chemotherapy for 
advanced disease.62 BELLE-3 differed in requiring parti-
cipants to have HR+/HER2− metastatic breast cancer trea-
ted unsuccessfully by prior endocrine therapy and mTOR 
inhibitors.63 Patients in both trials were randomly assigned 
to receive fulvestrant plus either buparlisib, or placebo. 
Both trials met their primary efficacy endpoint, but bupar-
lisib was associated with significantly more grade 3/4 
adverse events (AEs), which included hepatic aminotrans-
ferase elevations, hyperglycemia, and rash. Many patients 
discontinued buparlisib prematurely due to poor tolerabil-
ity, resulting in very short treatment exposure (median 1.9 
months in BELLE-2). Moreover, central nervous system 
penetration of buparlisib proved disadvantageous – some 
patients suffered from depression, anxiety, and even rare 
suicide ideation. The study team decided to cease further 
development owing to the toxicity profile and proposed the 
investigation of more selective PI3K inhibitors, such as an 
α-specific PI3K inhibitor, to further improve the safety and 
benefits in this setting.

Nonetheless, the clinical trials of buparlisib provided 
valuable information. In an exploratory analysis of 
BELLE-2, in subsets (587 out of 1147 submitted plasma, 
and 34% [n=200] PIK3CA mutation tested positive) with 
detectable PIK3CA mutation in their circulating tumor 
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DNA (ctDNA), the median PFS was 7.0 months in the 
buparlisib group and 3.2 months in the placebo group 
(HR 0.58; p = 0.001).62 Likewise, in also exploratory 
analyses of the BELLE-3 trial, adding buparlisib to ful-
vestrant significantly increased PFS in patients who had 
PIK3CA mutation, either using tumor tissue or ctDNA to 
determine mutation status. The median PFS was 4.2 

months vs. 1.6 months; (HR 0.46 [0.29–0.73]; 
p = 0.00031) by ctDNA testing, and 4.7 months vs. 1.4 
months (HR 0.39 [0.23–0.65], p<0.001) by tissue real- 
time polymerase chain reaction (RT-PCR).63 All of these 
observations support the rationale for PI3K inhibition 
plus endocrine therapy in ER+/HER2− patients with 
PIK3CA mutations.

Table 2 Prognosis of PIK3CA Mutation Status and Treatment Outcomes in Luminal-Type, Metastatic Breast Cancer

Study Name (1st 
Author)Ref

Treatments Median Months PFS (95% Cl) Hazard Ratio (95% Cl)

Mutated 
PIK3CA

Wild-Type 
PIK3CA

Mutated 
PIK3CA

Wild-Type 
PIK3CA

In first-line treatment of metastatic breast cancer

Hormone therapy ± CDK 4/6 inhibitors

MONALEESA-2 

(Hortobagyi)60

Ribociclib + letrozole 19.2 (13.0–23.9) 29.6 (24.8–NR) 0.53 (0.35–0.81) 0.44 (0.31–0.62)

Placebo + letrozole 12.7 (9.2–15.0) 14.7 (13.0–19.2)

MONARCH-3 (Goetz)61 Abemaciclib + NSAI 27.5 NR 0.70 (0.42–1.14) 0.33 (0.22–0.49)

Placebo + NSAI 24.2 14.9

In more than one line treatment of metastatic breast cancer

Hormone therapy ± PI3K inhibitors

BELLE-2 (Baselga)62 Buparlisib + Fulvestrant 7.0 (5.0–10.0) 6.8 (4.7–8.5) 0.58 (0.41–0.82) 1.02 (0.79–1.30)

Placebo + Fulvestrant 3.2 (2.0–5.1) 6.8 (4.7–8.6)

BELLE-3 (Di Leo)63 Buparlisib + Fulvestrant 4.2 (2.8–6.7) 3.9 (4.7–8.5) 0.46 (0.29–0.73) 0.73 (0.53–1.00)

Placebo + Fulvestrant 1.6 (1.4–2.8) 2.7 (4.7–8.6)

FERGI (Krop)64 Pictilisib + Fulvestrant 6.5 (3.7–9.8) 5.8 (3.6–11.1) 0.73 (0.42–1.28) 0.72 (0.42–1.23)

Placebo + Fulvestrant 5.1 (2.6–10.4) 3.6 (2.8–7.3)

SOLAR-1 (André)4 Alpelisib + Fulvestrant 11.0 (7.5–14.5) 7.4 (5.4–9.3) 0.65 (0.50–0.85) 0.85 (0.58–1.25)

Placebo + Fulvestrant 5.7 (3.7–7.4) 5.6 (3.9–9.1)

SANDPIPER (Baselga)65 Taselisib + Fulvestrant 7.4 (7.3–9.1) 5.6 (4.1–9.1) 0.70 (0.56–0.89) 0.69 (0.44–1.08)

Placebo + Fulvestrant 5.4 (3.7–7.3) 4.0 (1.9–6.0)

Hormone therapy ± CDK 4/6 inhibitors

PALOMA-3 (Cristofanilli)66 Palbociclib + 
Fulvestrant

9.5 (5.7–11.2) 9.9 (9.2–13.9) 0.48 (0.30–0.78) 0.45 (0.31–0.64)

Placebo+ Fulvestrant 3.6 (1.9–5.6) 4.6 (3.4–7.3)

Hormone therapy ± mTOR inhibitors

BOLERO-2 (Moynahan)67 Everolimus + 

Exemestane

6.9 (5.6–8.3) 7.4 (6.8–9.7) 0.37 (0.27–0.51) 0.43 (0.34–0.56)

Placebo + Exemestane 2.7 (1.5–4.1) 3.0 (2.8–4.2)

Abbreviations: PFS, progression-free survival; Cl, confidence interval; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; CDK, cyclin- 
dependent kinase; NSAI, non-steroidal aromatase inhibitor; PI3K, phosphoinositide 3 kinase; mTOR, mammalian target of rapamycin.
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Pictilisib
Another oral pan-PI3K inhibitor, pictilisib (GDC-0941; 
Genentech, San Francisco, CA, USA), was evaluated in 
the Phase II FERGI RCT of fulvestrant plus pictilisib 
versus placebo, which enrolled postmenopausal women 
with HR+/HER2− metastatic breast cancer resistant to 
treatment with AI in adjuvant or metastatic settings.64 

Part 1 enrolled 168 patients irrespective of PIK3CA muta-
tion status, whereas Part 2 excluded patients without 
PIK3CA mutations. In part 1, there was no significant 
difference in median PFS between pictilisib (6.6 months) 
versus placebo (5.1 months) (HR 0.74 95% CI 0.52–1.06; 
p = 0.096). In addition, no difference was observed when 
patients were stratified by presence of PIK3CA mutations 
(pictilisib 6.5 months vs. placebo 5.1 months; HR 0.73 
95% CI 0.42–1.28; p = 0.268) or their absence (pictilisib 
5.8 months vs. placebo 3.6 months; HR 0.72 95% CI 
0.42–1.23; p = 0.230). Grade 3 or worse AEs occurred in 
54 (61%) of 89 patients in the pictilisib group and in 22 
(28%) of 79 patients in the placebo group; 19 pictilisib- 
related serious AEs were reported in 14 (16%) of 89 
patients. Substantial toxicities caused 45% of patients to 
discontinue pictilisib or require dose reduction. The pro-
tocol in Part 2 (n = 61) was amended to reduce the starting 
dose of pictilisib from 340 mg to 260 mg; there was still 
no between-group difference in median PFS (pictilisib 5.4 
months vs. placebo 10.0 months; HR 1.07 95% CI 0.53– 
2.18; p = 0.840). The authors concluded that the toxicity of 
pictilisib limited its tolerability, potentially limiting its 
efficacy.64 Similar to buparlisib, they suggested that future 
development should investigate agents with higher selec-
tivity for specific PI3K isoforms or mutants, thus improv-
ing tolerability and affording a more robust therapeutic 
index to realize clinical benefit.

Taselisib
Taselisib (GDC-0032; Genentech) is not only beta-isoform 
sparing but also potently inhibits PI3K, exhibiting greater 
sensitivity for mutant PI3Kα compared with the wild-type 
isoform. In the phase III SANDPIPER RCT, postmeno-
pausal patients with disease recurrence or progression 
during/following AI treatment were randomized 2:1 to 
taselisib versus placebo combined with fulvestrant.65 

Participants were enriched for PIK3CA mutations (80% 
of total), and the primary endpoint was investigator- 
assessed PFS in patients with PIK3CA-mutated tumors. 
Among 516 participants with PIK3CA mutations, 340 
received taselisib plus fulvestrant and 176 placebo plus 

fulvestrant; median PFS was 7.4 months in the taselisib 
arm versus 5.4 months in the placebo arm (HR 0.70 95% 
CI 0.56–0.89; p = 0.004). Meanwhile, the taselisib combi-
nation arm also had a significantly higher objective 
response rate: 28% versus 11.9%, p < 0.001. Among 120 
participants without PIK3CA mutations, median PFS did 
not differ significantly between taselisib versus placebo 
(5.6 vs. 4.0 months; HR 0.69 95% CI 0.44–1.08; p = 
0.106). Although SANDPIPER was a positive study and 
demonstrated that PIK3CA mutation could be targeted, the 
clinical benefit was modest and the tolerability was ques-
tionable. The most common grade ≥3 AEs in the taselisib/ 
fulvestrant arm were diarrhea (12%), hyperglycemia 
(10%), colitis (3%), and stomatitis (2%). AEs led to 
more taselisib discontinuations (17% vs. 2%) and dose 
reductions (37% vs. 2%) compared with placebo. 
Concerns over safety and efficacy have halted further 
investigation of taselisib.65

PI3K Alpha-Selective Inhibitor
Alpelisib
Alpelisib (BYL719; Novartis Pharmaceuticals, Basel, 
Switzerland) is the first selective PI3Kα inhibitor. In pre-
clinical models, it not only potently inhibited the two most 
common (hotspot) PIK3CA mutations (H1047R and 
E545K) at an IC50 of ~4 nmol/L,70 but also demonstrated 
a dual mechanism of action by inhibiting PI3K and indu-
cing degradation of p110α in a dose-dependent manner in 
certain ER+/PIK3CA mutant breast cancer cell lines.71 

Notably, PIK3CA mutation and/or amplification were 
mandatory inclusion criteria of the first-in-human Phase 
I study conducted by Juric et al,72 which enrolled 134 
patients across cancer types, who all received alpelisib 
monotherapy. Frequent treatment-related AEs of all grades 
included hyperglycemia (51.5%), nausea (50.0%), 
decreased appetite (41.8%), diarrhea (40.3%), and vomit-
ing (31.3%). Objective tumor responses were only 
observed at once-daily doses of ≥270 mg, with an overall 
response rate (ORR) of 6.0%. Stable disease was achieved 
in 70 (52.2%) patients and maintained for >24 weeks in 13 
(9.7%) patients. Thirty-six patients had breast cancer, and 
among 22 with ER+/HER2− advanced breast cancer who 
were treated with ≥270 mg alpelisib once daily, the median 
PFS was 5.5 (95% CI 3.0–7.0) months.72

The subsequent phase Ib study (ClinicalTrials.gov: 
NCT01219699) assessed the maximum tolerated dose, 
safety, and efficacy of alpelisib combined with fulvestrant 
in 87 women with ER+/HER2– metastatic breast cancer.73 
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Patients in the dose escalation cohort were required to have 
PIK3CA-altered tumors and received fixed-dose fulvestrant 
500 mg plus once-daily doses of alpelisib (300 mg, n = 9; 
350 mg, n = 8; 400 mg, n = 11). In the dose-expansion 
cohort, 59 patients received 400 mg alpelisib once-daily 
plus fulvestrant, irrespective of PIK3CA status. Similar to 
single-agent alpelisib, the maximum tolerated dose in com-
bination with fulvestrant was 400 mg once daily; the recom-
mended Phase 2 dose was 300 mg once daily. The most 
frequent grade 3/4 AEs (≥10% of patients) during treatment 
with 400 mg alpelisib once daily were hyperglycemia 
(22%) and maculopapular rash (13%); nine patients perma-
nently discontinued due to AEs. The median PFS of patients 
with PIK3CA-altered tumors (treated with 300–400 mg 
alpelisib once-daily plus fulvestrant) was longer (9.1 
months 95% CI, 6.6–14.6) than those with PIK3CA -wild- 
type tumors, who all received 400 mg alpelisib once-daily 
plus fulvestrant (4.7 months; 95% CI, 1.9–5.6). The ORR 
among patients with PIK3CA alterations was 29% (95% CI, 
17–43%) compared to no objective tumor response in the 
PIK3CA wild-type group.73

A small pilot phase Ib study (B-YOND) tested alpelisib 
or buparlisib combined with tamoxifen plus goserelin as 
first-line endocrine therapy in Asian premenopausal 
patients with HR+/HER2– advanced breast cancer.74 The 
recommended phase 2 doses of alpelisib and buparlisib in 
combination with tamoxifen and goserelin were 350 mg 
and 100 mg, respectively. No unexpected safety findings 
were reported. Treatment emergent AEs led to disconti-
nuation in 18.8% and 53.8% of patients treated with alpe-
lisib (n = 16) or buparlisib (n = 13), respectively. The most 
common grade 3/4 treatment emergent AEs were hypoka-
lemia (12.5%), hyperglycemia (6.3%), and rash (6.3%) in 
the alpelisib group, and increased alanine aminotransami-
nase (30.8%), increased aspartate aminotransaminase 
(23.1%), and anxiety (15.4%) in the buparlisib group. 
Either the higher recommended phase 2 dose of 350 mg 
or the significantly lower incidence of hyperglycemia sug-
gests that premenopausal women (younger, with a lower 
probability of glucose intolerance/insulin resistance) toler-
ate alpelisib better than postmenopausal women do. The 
observed median PFS was 25.2 months in the alpelisib 
group and 20.6 months in the buparlisib group. Notably, 
tumor PIK3CA mutation status was not an inclusion cri-
teria in the B-YOND study; although the patient number 
was limited, these data suggest that alpelisib plus endo-
crine therapy may be a potentially efficacious treatment for 

premenopausal patients with HR+/HER2– advanced breast 
cancer.

The large phase III SOLAR-1 RCT compared fulves-
trant plus alpelisib (300 mg once daily) versus placebo in 
572 men or postmenopausal women with HR+/HER2– 
advanced breast cancer that recurred or progressed on AI 
treatment.4 Patients were stratified according to centrally 
assessed PIK3CA mutation status based on tumor tissue RT- 
PCR (11 hotspot mutations on exons 7, 9, and 20), with 341 
in the PIK3CA-mutant cohort and 231 in the non-mutant 
cohort. The primary endpoint was investigator-assessed 
PFS in the PIK3CA-mutant cohort. Median PFS of patients 
with PIK3CA mutations was 11.0 months in the alpelisib/ 
fulvestrant arm versus 5.7 months in the placebo/fulvestrant 
arm (HR 0.65 95% CI 0.50–0.85; p < 0.001). The ORR was 
also higher with alpelisib/fulvestrant versus placebo/fulves-
trant (26.6% vs. 12.8%); the corresponding ORR rates 
among patients with measurable disease were 35.7% versus 
16.2%. In contrast, there was no meaningful between- 
treatment difference in median PFS in the PIK3CA-non- 
mutant cohort; 7.4 months vs. 5.6 months (HR 0.85 95% CI 
0.58–1.25). In 2019, the positive results of SOLAR-1 
prompted the US FDA to approve alpelisib plus fulvestrant 
for treating men and postmenopausal women with ER 
+/HER2–, PIK3CA-mutated advanced or metastatic breast 
cancer. André et al reported OS results of the PIK3CA- 
mutant cohort;75 with median follow-up of 30.8 months, 
median OS was 39.3 months (95% CI 34.1–44.9) with 
alpelisib/fulvestrant and 31.4 months (95% CI 26.8–41.3) 
with placebo/fulvestrant (HR 0.86 95% CI 0.64–1.15; p = 
0.15). In patients with lung and/or liver metastases, median 
OS was 37.2 months (95% CI 28.7–43.6) with alpelisib/ 
fulvestrant and 22.8 months (95% 19.0–26.8) with placebo/ 
fulvestrant (HR 0.68 95% CI 0.46–1.00). Median time to 
chemotherapy was 23.3 months (95% CI 15.2–28.4) with 
alpelisib/fulvestrant and 14.8 months (95% CI 10.5–22.6) 
with placebo/fulvestrant (HR 0.72 95% CI 0.54–0.95). 
Although the OS result did not meet the prespecified criter-
ion for statistical significance, the absolute between- 
treatment difference of 8 months was clinically relevant 
and valuable. The PFS benefit was not only maintained 
but even enhanced in terms of OS outcome.

When SOLAR-1 was designed, CDK 4/6 inhibitors 
were not yet approved; however, combined hormonal 
plus CDK4/6 inhibitor therapy has now become the stan-
dard first-line treatment for HR+/HER2– advanced breast 
cancer. In the SOLAR-1 PIK3CA-mutant cohort, only 20 
patients (5.9%) had previously received CDK4/6 
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inhibitors. To assess the efficacy and safety of combining 
alpelisib with endocrine therapy (fulvestrant or letrozole) 
in PIK3CA-mutated, HR+/HER2– advanced breast cancer 
after CDK4/6 inhibition failed, Rugo et al conducted the 
BYLieve phase 2 study (ClinicalTrials.gov: 
NCT03056755).76 Cohort A results were presented at 
ASCO 2020: 127 patients who had received AI and 
CDK 4/6 inhibitors as the last prior therapy line were 
enrolled and received alpelisib plus fulvestrant. The pri-
mary endpoint of the proportion of patients surviving with-
out disease progression at 6 months, was 50.4%. The 
secondary endpoint of median PFS was 7.3 months.76 

The result was consistent with SOLAR-1 subgroup analy-
sis: of 9/20 patients receiving fulvestrant plus alpelisib, 
44% were alive without disease progression at 6 months 
and median PFS was 5.5 months.4 These results support 
using alpelisib plus fulvestrant after CDK4/6 inhibitors;4,76 

data on other BYLieve cohorts are anticipated.76

Since high incidence of hyperglycemia was observed 
in early-phase studies,72,73 SOLAR-1 excluded patients 
with type 1 diabetes or uncontrolled type 2 diabetes (fast-
ing plasma glucose [FPG] >140 mg/dL [7.7 mmol/L] or 
glycosylated hemoglobin [HbA1c] level >6.4%). 
Nevertheless, hyperglycemia was still the most frequent 
grade 3/4 AE in the overall population (36.6% in the 
alpelisib/fulvestrant group vs. 0.7% in the placebo/fulves-
trant group), followed by rash (9.9% vs. 0.3%) and diar-
rhea (6.7% vs. 0.3%). Compared to the placebo group, 
more patients treated with alpelisib discontinued due to 
AEs (25.0% vs. 4.2%).4

Clinical Practice Considerations
Hyperglycemia, diarrhea, and rash were the most common 
toxicities associated with PI3K inhibitors, and appropriate 
monitoring and management are essential, especially 
regarding hyperglycemia. Because PI3K/AKT/mTOR 
plays a key role in the insulin signaling pathway, hyper-
glycemia is a mechanism-based, on-target effect of PI3K/ 
AKT/mTOR inhibitors.77 Although the RCT excluded 
patients with diabetes, in real world practice it would be 
impossible to disallow the use of effective anti-cancer 
drugs by patients with diabetes. According to the World 
Health Organization, the global prevalence of diabetes in 
adult is around 8.5%,78 and physicians will inevitably treat 
patients with breast cancer who have comorbid diabetes. 
The minimal requirement is to follow the approved label 
instructions to assess FPG weekly for at least 2 weeks and 
every 4 weeks thereafter (plus HbA1c).79 However, longer 

duration of weekly follow-up may be required for those 
with higher risk of developing grade 3/4 hyperglycemia. In 
SOLAR-1, in addition to the prediabetic (FPG, 5.6 to <7.0 
mmol/L and HbA1c, 5.7 to <6.5%) and diabetic (FPG, 
≥7.0 mmol/L or HbA1c, ≥6.5%) status, obesity (defined as 
body mass index ≥30) and advanced age (≥75 years old) 
were also associated with higher incidence rates of grade 
3/4 hyperglycemia.80 In the earliest phase of SOLAR-1, 
before the protocol was amended to exclude patients with 
diabetes, one patient whose HbA1c was ~8% was enrolled; 
this patient did have grade 4 hyperglycemia, but after 
proper dose reduction and supervision by an endocrinolo-
gist, she was able to continue study treatment for more 
than 2 years. Although there are insufficient data regarding 
the safety of alpelisib in patients with diabetes, they should 
not be prohibited from using this treatment provided that 
careful monitoring is implemented and early endocrinolo-
gist consultation is sought. There is some pertinent indirect 
evidence: in SOLAR-1, 6.3% of patients discontinued 
alpelisib due to hyperglycemia compared with only 1.6% 
in the BYLieve study.4,76 Intensive monitoring and early 
interventions, such as metformin and diet education, all 
help to keep patients on treatment with tolerable toxicities.

Rugo et al reported the time course and management of 
the key AEs in SOLAR-1 and provided valuable clinical 
guidance.80 Eighty-six participants had received prophy-
lactic (before the onset of skin rash) anti-rash medication, 
among whom, 70% received anti-histamines. Compared 
with those (n = 198) who did not receive preventive 
medication, these patients experienced lower rates of any- 
grade rash (26.7% versus 64.1%) and grade 3 rash (11.7% 
versus 22.7%).80 Therefore, prophylactic antihistamine has 
been recommended to reduce the frequency and severity of 
skin rash and is also endorsed by the ABC-5 consensus.81 

Nonetheless, systemic corticosteroid use and treatment 
interruption are necessary for higher grade events, and it 
is highly desirable to include a dermatologist in the team. 
In SOLAR-1, most bouts of diarrhea were grade 1 and 2. 
And like other anti-cancer drugs, the incidence usually 
decreased with education and preemptive anti-diarrheal 
agents and can be satisfactorily handled. We believe that 
to keep patients adherent to alpelisib treatment by proper 
toxicity management may potentially increase clinical ben-
efit. An indirect supportive evidence was observed in 
SOLAR-1. In PIK3CA mutation cohort, the median dose 
intensity of alpelisib was 248mg/day; and the PFS was 
longer in patients who received higher dose intensity 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                               

Therapeutics and Clinical Risk Management 2021:17 200

Chang et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


compared with lower dose intensity (12.5 months versus 
9.6 months).80

Both SANDPIPER and SOLAR-1 showed that the 
benefit of PI3K inhibitors is limited to PIK3CA-mutant 
tumors;4,65 therefore, patient selection is crucially impor-
tant. Several questions arise: What sample should be 
tested? When should the test be ordered? What method 
should be used to detect mutations? Do PI3K inhibitors 
benefit different PIK3CA mutations to the same degree?

Unlike ESR1 mutations, which are acquired under the 
selective pressure of estrogen deprivation, PIK3CA muta-
tions are initiating truncal events, supported by the high 
percentage in the TCGA dataset,3 or the tumor evolution 
analysis by Turajlica et al.82 In paired primary tumor and 
metastatic tumor mutation analyses, PIK3CA status was 
highly concordant, and mutation rates were not always 
increased upon metastases.83,84 The SOLAR-1 protocol 
determined PIK3CA mutation status using tissue-based 
testing (therascreen® PCR kit, Qiagen), thus definitively 
endorsing tissue-testing as standard. Meanwhile, 
a secondary endpoint was PFS in patients with PIK3CA 
mutations detected by plasma ctDNA, and the results also 
supported the value of ctDNA-detected PIK3CA mutations 
in predicting benefit from alpelisib. In the ctDNA-defined 
PIK3CA-mutant cohort, the median PFS for the alpelisib 
plus fulvestrant arm was 10.9 months versus 3.7 months 
for the fulvestrant only arm (HR 0.55).4 This finding led to 
US FDA approval of liquid biopsy testing as an alternative 
to tissue testing. Nevertheless, we have some concerns. 
First, the ctDNA titer is typically quite low and may be 
undetectable unless the method is highly sensitive. Indeed, 
by applying the same PCR platform in SOLAR-1, only 
186 patients were defined as PIK3CA-mutated by plasma 
ctDNA compared to 341 patients by tissue testing. The 
much lower detection rate compared with tissue testing 
owed primarily to low ctDNA titer. Therefore, although 
the US FDA approves plasma ctDNA testing, it also 
reminds us to repeat tissue testing once ctDNA testing 
becomes negative for PIK3CA mutations. Second, some 
may favor ctDNA testing because the ctDNA-determined 
PIK3CA-mutant cohort appeared to get even larger PFS 
benefit with alpelisib, suggested by a lower HR of 0.55 
compared to 0.65 in the primary cohort.4 We would like to 
reemphasize that ctDNA originates from DNA fragments 
shed by cancer cells, primarily from apoptosis, and less 
from necrosis, or even secretory processes.85 Therefore, 
detectable ctDNA correlates with larger tumor burden or 
aggressive tumors with active proliferation, which are 

usually accompanied by stress and consequent apoptosis. 
Based on this theory, researchers tracked serial ctDNA to 
successfully predict disease relapse,86 or treatment 
response.87 Hence, compared to ctDNA-non-mutant 
patients, those with ctDNA-detected PIK3CA-mutant sta-
tus would be expected to have had disease that is more 
serious and was PIK3CA activating mutation driven. This 
may explain why the small ctDNA-detected PIK3CA 
mutation subset in SOLAR-1 seemed to derive larger 
benefit from adding on alpelisib compared with the pri-
mary cohort.4 Among patients with advanced breast cancer 
that progressed on endocrine therapy who harbored 
PIK3CA-mutant tumors, those with high disease burden 
certainly get most benefit from PI3K inhibition. 
Meanwhile, OS subgroup analysis showed that the abso-
lute difference of 37.2 versus 22.8 months in patients with 
visceral (lung or liver) metastases was more pronounced 
than that in the entire PIK3CA-mutant cohort (39.3 vs. 
30.8 months), which also supports this hypothesis.75 

Despite the lack of level I evidence, the preferred strategy 
endorsed by current international guidelines is to treat HR 
+/HER2− advanced breast cancer with upfront endocrine- 
based therapies.81,88 The use of chemotherapy is delayed 
until failing consecutive 2 to 3 lines of endocrine therapies 
(with or without targeted therapies); unless the patients 
have visceral crisis, aggressive disease status, or endocrine 
therapy refractory diseases.81,88 Recently, a large network 
meta-analysis comparing chemotherapies and endocrine- 
based therapies provided supportive evidences for these 
recommendations.89 Based on trial evidence demonstrat-
ing the efficacy of alpelisib after failing first-line endocrine 
therapy with or without CDK4/6 inhibitors, it is justifiable 
to test PIK3CA mutation status upon diagnosing HR 
+/HER2– advanced breast cancer.

We also know that the ctDNA mutation detection rate 
varies with different methodologies. For instance, in 
BELLE-3,63 the BEAMing assay (a kind of droplet digital 
PCR) was used to detect PIK3CA mutations in ctDNA. 
Droplet digital PCR has very high sensitivity, with a lower 
detection limit as low as 0.01%. In BELLE-3, tumor tissue 
analysis, the PIK3CA mutation rates were 34% by RT-PCR 
and 39% in ctDNA analysis using BEAMing technology, 
although not within the same subsets; the concordance rate 
was 83%. Both PIK3CA mutation-testing methods were 
shown to be a valid predictive marker of buparlisib benefit. 
Notably, in BELLE-3, using ctDNA analysis to define 
PIK3CA mutation status did not predict greater PFS ben-
efit: HR 0.46 (95% CI 0.29–0.73) for ctDNA analysis 
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versus HR 0.39 (95% CI 0.23–0.65) for tissue analysis. 
Consequently, tissue testing is appropriate unless no speci-
men is readily available.

Although the companion diagnostic Qiagen kit 
(therascreen® assay) detects 11 PIK3CA mutations over 
exons 7 (C420R), 9 (E542K, E545K/A/D/G, Q546E/R), 
and 20 (H1047R/Y/L), most mutations occur in exon 9 
(helical domain) and exon 20 (kinase domain). In 
SOLAR-1, H1047X was the most prevalent locus (n = 
193; 57%), followed by E545X (n = 106; 31%), and 
E542K (n = 60; 18%). Exon 7 C420R (n = 6; 2%) and 
exon 9 Q546X (n = 5; 1%) were much less frequent.90 

The rarity of non-hotspot PIK3CA mutations makes it 
difficult to demonstrate alpelisib benefit; more data will 
be required to validate the efficacy.

Next generation sequencing (NGS) is another promis-
ing technology, since NGS covers almost all exons 
(depending on the panel), and goes beyond PIK3CA 
point mutations, to also detect insertion/deletion and 
gene copy number changes. In an exploratory analysis 
of SOLAR-1, retrospective tissue NGS results (tested 
with FoundationOne CDx 324-gene panel) correlated 
with median PFS.91 Valid NGS results were available in 
404 (71%) of all participants, among whom, 31 patients 
had tumor PIK3CA alterations detected by NGS but not 
by RT-PCR-based testing. Despite some discordance, 
patients whose tumors harbored PIK3CA alterations 
detected by NGS also benefited from alpelisib; therefore, 
the US FDA has approved FoundationOne CDx as 
a companion diagnostic.

We all acknowledged that PIK3CA mutations are het-
erogeneous and the full spectrum is far beyond the 
therasceen® 11 gene panels. Martínez-Sáez et al conducted 
a pooled NGS database analysis and found that the 
therascreen® gene panels can capture as low as 72% of all 
the NGS identified PIK3CA mutations.24 It implied that in 
clinical practice, as NGS testings become more and more 
popular, it would not be uncommon to identify PIK3CA 
mutations that have not been validated in SOLAR-1 study. 
That is a difficult situation; nevertheless, based on available 
clinical trial results, we should only give alpelisib to 
patients with one of the aforementioned 11 mutations, 
detected by whichever tools we use. Hopefully, the efficacy 
of alpelisib in other PIK3CA mutations (beyond the 
therascreen® 11 gene panels) or even other PI3K pathway 
alterations can be validated in future clinical trials.

Perspective
Many preclinical studies have investigated the potential 
mechanisms of PI3K inhibitor resistance. Although PI3K 
inhibitors can decrease AKT signaling, AKT inhibitors 
can sensitize breast cancer cell lines resistant to PI3K 
inhibitors. A combinational drug screen of PIK3CA 
mutant cell lines revealed that synergistic inhibition of 
CDK4/6 and PI3K inhibitors may overcome the resis-
tance of PI3K inhibitor monotherapy.92 PDK-1 signaling 
can activate the mTOR complex without activating 
AKT,93 and IGF-1 and other growth factors can also 
activate mTOR signaling and mediate resistance to 
PI3K inhibitors.94 Thus, hormone therapy in combination 
with more than one class of PI3K, AKT, mTOR, or CDK 
4/6 inhibitors can be developed to enhance the efficacy of 
treatments for HR+/HER2– breast cancer. However, tol-
erability will remain a concern due to the different toxi-
city profiles of these drugs.

Table 3 lists ongoing clinical trials of alpelisib in 
various indications. In subgroup analyses of SOLAR-1, 
patients with PTEN loss and non-altered PIK3CA also 
seemed to benefit from alpelisib treatment (HR: 0.5 95% 
CI 0.13–1.89).91 It is unlikely that any future clinical trials 
will specifically aim at this population. However, a phase 
III RCT (EPIK-B3; ClinicalTrials.gov: NCT04251533) 
focused on patients with triple negative breast cancer and 
with PIK3CA mutations or PTEN loss is ongoing; patients 
will be randomized to nab-paclitaxel with or without 
alpelisib.

On the other hand, PIK3CA mutations contribute to 
resistance to trastuzumab, which is an anti-HER2 
monoclonal antibody.95,96 In the BOLERO-3 study, 
women with HER2+, trastuzumab-resistant advanced 
breast cancer were randomly assigned to receive ever-
olimus plus trastuzumab and vinorelbine versus pla-
cebo plus trastuzumab and vinorelbine. The median 
PFS was 7.0 months in patients treated with everolimus 
and 5.8 months in patients treated with placebo (HR 
0.78; p = 0.007). Although BOLERO-3 met the pri-
mary endpoint, the benefit was not clinically meaning-
ful. Thus, it is intriguing to hypothesize that direct 
targeting of PI3K with specific inhibitors may give 
more clinical benefit than targeting the downstream 
mTOR complex. A phase III clinical trial (EPIK-B2; 
ClinicalTrials.gov: NCT04208178) specifically target-
ing HER2+ breast cancer is ongoing (Table 3).
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In conclusion, alpelisib is the first oral α-specific PI3K 
inhibitor approved by the US FDA, and regulatory authori-
ties in Europe and Australia for use in men and postmeno-
pausal women with HR+/HER2–, PIK3CA-mutated, 
advanced or metastatic breast cancer that progresses on an 

endocrine therapy. Although isoform selectivity made alpe-
lisib more tolerable than previous pan-PIK3 inhibitors, there 
were still substantial toxicities, especially hyperglycemia, 
rash, and diarrhea. With appropriate AE management and 
patient selection by validated testing methods, we hope that 

Table 3 Current/Future Clinical Trials Involving Alpelisib Treatment in Various Combinations and Settings

NCT 
Number

Phase Design Target Population Treatment 
Arm(s)

Primary Endpoint(s) Status

NCT03386162 II Open label, 

randomized 

comparison of 
post-CT 

maintenance 

strategy

HR+/HER2– PIK3CA- 

mutated advanced 

breast cancer

ALP + FUL 

(additional LHRH 

analogs in 
premenopausal 

patients) vs. CT

PFS Active, not 

recruiting

NCT03439046 IIIb Open label HR+/HER2– advanced 

breast cancer; PIK3CA- 
mutated in extension 

phase

1st-line (core 

phase): RIB + LET 
2nd-line (extension 

phase): ALP + FUL

Serial ctDNA changes 

from baseline to disease 
progression during core 

and extension phases

Active, not 

recruiting

NCT04300790 II Open label, single 

arm

HR+/HER2– PIK3CA- 

mutated advanced 
breast cancer

ALP + FUL + MET Grade 3/4 hyperglycemia 

rate over treatment cycles 
1 & 2

Recruiting

NCT01872260 Ib/II Open label, dose 
escalation

HR+/HER2– advanced 
breast cancer

RIB + LET  
ALP + LET  

RIB + ALP + LET

DLT (Phase lb only) Safety 
and tolerability PK profiles 

of RIB and LET

Active, not 
recruiting

NCT02734615 I/Ib Open label, parallel 

assignment

HR+/HER2– advanced 

breast cancer

A: LSZ102  

B: LSZ102 + RIB  

C: LSZ102 + ALP

DLT and safety Active, not 

recruiting

NCT04208178 III Open label:  

Part 1: safety run-in  
Part 2: randomized

HER2+ PIK3CA- 

mutated advanced 
breast cancer

Part 1: ALP + TRA + 

PER 
Part 2: ALP + TRA + 

PER vs. PBO + TRA + 

PER

Part 1: DLT  

Part 2: PFS

Recruiting

NCT04216472 II Open label, single 

arm

TNBC with PIK3CA or 

PTEN alterations in 
neo-adjuvant setting, 

ANT-refractory

ALP + nab-PAC Rates of pathologic 

complete response (pCR/ 
RCB-0) and minimal 

residual disease (RCB-I)

Recruiting

NCT04251533 III Randomized 

double-blind 

(except Part B1)

TNBC  

Part A: PIK3CA- 

mutated  
Part B: PTEN loss

ALP + nab-PAC vs. 

PBO + nab-PAC

PFS Recruiting

NCT03207529 Ib Open label HR+/–, HER2–, AR+, 
and PTEN+ metastatic 

breast cancer

ALP + ENZ MTD and RP2D Recruiting

Abbreviations: NCT, National Clinical Trial number (ClinicalTrials.gov registry); HR+/HER2–, hormone receptor positive/human epidermal growth factor receptor 2; 
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; ALP, alpelisib; FUL, fulvestrant; LHRH, luteinizing hormone releasing hormone; PFS, 
progression free survival; RIB, ribociclib; LET, letrozole; ctDNA, circulating tumor DNA; MET, metformin; DLT, dose limiting toxicity; PK, pharmacokinetics; TRA, 
trastuzumab; PER, pertuzumab; PBO, placebo; TNBC, triple negative breast cancer; PTEN, phosphatase and tensin homolog; ANT, anthracycline; PAC, paclitaxel; pCR, 
pathologic complete response; RCB, residual cancer burden; AR, androgen receptor; ENZ, enzalutamide; MTD, maximal tolerated dose; RP2D, recommended phase 2 dose.
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all eligible patients can benefit from receiving this new 
treatment. Further clinical trials to assess combinations of 
hormone therapy with PI3K, AKT, mTOR, or CDK 4/6 
inhibitors, or studies in other breast subtypes are ongoing.
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