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In a recent issue of Annals of Oncology, Vuylsteke and 
colleagues presented the interim analysis of phase 
II  PEGGY study on the use of  pict i l i s ib [a  pan-
phosphoinositide-3-kinase (PI3K) inhibitor] plus paclitaxel 
in hormone receptor positive human epidermal receptor 
2 (HER2) negative (ER+/HER2−) locally advanced or 
metastatic breast cancer (1). This clinical trial is one among 
the many clinical trials to report clinical benefits and 
toxicity associated with PI3K-targeted therapies.

The PI3K-Akt-mTOR pathway is a major signaling 
pathway in pathophysiology of breast cancer. PI3K binds 
to phosphorylated tyrosine on a variety of receptor tyrosine 
kinases, including epidermal growth factor receptor 
(EGFR), insulin-like growth factor 1 receptor (IGF1R), 
insulin receptor, and HER2, leading to their activation 
and downstream signaling (2). Mechanisms leading to 
constitutive/aberrant activation of the PI3K pathway in 
cancer include (I) the mutation and/or amplification of 
PIK3CA, the gene encoding the α-catalytic subunit of the 
kinase (p110α); (II) the loss of expression of the PTEN 
phosphatase that reverses PI3K action; (III) the activation 
downstream of oncogenic receptor tyrosine kinases; and 
(IV) the activating mutation/amplification/translocation 
of Akt isoforms (AKT1, 2, and 3), kinases that mediate 
downstream signaling. A hyperactive PI3K pathway 
increases cell proliferation, migration, invasion, metabolism, 
angiogenesis, and resistance to chemotherapy through 
activated anti-apoptotic machinery. Although PI3K pathway 
was considered as a therapeutic target even before genomic 
era, interest on this pathway skyrocketed after discovery 
of frequent mutations/amplification in PIK3CA subunit in 

many different cancer types (Figure 1). Breast cancer field 
took the lead because of high frequency mutations and 
our previous work demonstrating intimate link between 
estrogen receptor (ER) and PI3K signaling (4). Somatic 
mutations have been identified in PIK3CA (36%), PIK3R1 
(3%), PTEN (3%) and AKT1 (2%) genes in the pathway (5). 
Activating mutations in the catalytic PI3-kinase subunit 
PIK3CA occur in 36% of breast cancers overall and are 
especially prevalent in luminal-ER+ and HER2-amplified 
breast cancers (range, 29–45%) (6). PIK3CA amplification 
is more common in basal-like breast cancers (6).

Preclinical models have shown that PIK3CA mutations 
are the driver mutations in breast cancer. In transgenic 
models, the expression of mutant PIK3CA H1047R in the 
luminal mammary epithelium evokes heterogeneous ER+ 
tumors that express luminal and basal markers (7). In an 
inducible transgenic mouse model conditionally expressing 
human PIK3CA H1047R in the mammary gland, most 
PIK3CA H1047R-driven mammary tumors recurred after 
PIK3CA H1047R inactivation via PI3K pathway-dependent 
and PI3K pathway-independent mechanisms (8).

Encouraged by compelling preclinical data supporting 
the role of mutant PIK3CA in breast cancer, several drugs 
targeting PI3K were developed in the last few years. Pan-
PI3K inhibitors [such as pictilisib (GDC-0941), XL147, 
buparlisib (BKM120), and the irreversible PX-866] target 
all p110 isoforms (9). Because of its narrower activity and 
broader specificity, this class of drugs may be better suited 
to treat tumors regardless of a PIK3CA mutation such 
as the triple-negative breast cancer. Phase I trials with 
buparlisib (BKM120) and XL-147 showed that treatment 
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Figure 1 cBioportal data (3) showing frequency of PIK3CA mutation/amplification/deletion in various cancers. Only those cancers with 
>10% aberration frequency are shown.
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partially inhibited PI3K as measured by levels of p-S6 
and P-AKT in patients’ skin or tumors, and by 2-deoxy-
2-[18F]fluoro-D-glucose uptake measured by positron 
emission tomography (FDG-PET) (10). The adverse-event 
profiles of pan-PI3K inhibitors have been primarily mild 
to moderate and manageable with supportive medications. 
Dose-limiting toxic effects reported with multiple agents 
include hyperglycemia, maculopapular rash, gastrointestinal 
intolerance (anorexia, nausea, vomiting, dyspepsia, 
diarrhea), and stomatitis. Although some of these are “off-
target” effects, others may be related to target engagement 
and directly related to mechanisms of action, such as 
hyperglycemia, which is more commonly seen upon more 
sustained inhibition of p110α. Hyperglycemia is expected 
with this class of drugs because of the need for AKT activity 
for insulin action (11). In the case of sustained inhibition 
of p110δ, lymphopenia is common, since the δ isozyme is 
highly expressed in lymphocytes. Interestingly, buparlisib 
(BKM120) can cross the blood-brain barrier, potentially 
inhibiting PI3K in the central nervous system (12,13). In 
phase I clinical trials, some patients treated with buparlisib 

developed mood alterations (anxiety, irritability, or 
depression) likely resulting from inhibition of PI3K in the 
central nervous system (10,14,15). 

Recent focus has been on isoform-specific PI3K 
inhibitors to avoid the side effects of pan-PI3K inhibitors. 
Specific inhibitors of p110α [e.g., alpelisib (BYL719) and 
MLN1117] and p110β-sparing inhibitors [e.g., taselisib 
(GDC-0032)] were designed to work better against 
PIK3CA-mutant tumors. p110δ is highly expressed in 
lymphocytes. Therefore, p110δ inhibitors [e.g., idelalisib 
(CAL-101)] were initially developed in hematologic 
malignancies. Idelalisib was, in fact, the first PI3K inhibitor 
to get approved for the treatment of relapsed chronic 
lymphocytic leukemia. 

Both pan-PI3K inhibitors and isoform-specific PI3K 
inhibitors are currently in different phases of clinical 
development (9), alone or in combination, in both 
solid tumors and hematologic malignancies (Table 1 for 
partial list). The rationale for the use of PI3K inhibitors 
in hormone receptor positive breast cancer came from 
preclinical evidence with ER+/PI3K-mutant breast cancer 
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cells and xenografts suggesting that simultaneous inhibition 
of PI3K and ER exerts synergistic antitumor activity (16,17). 
The first reported clinical trial of a PI3K inhibitor combined 
with endocrine therapy was a phase Ib study of buparlisib 
with the aromatase inhibitor letrozole in postmenopausal 
pat ients  with ER+ metastat ic  breast  cancer (14) .  
The combination was safe with reversible toxicities. 
The clinical benefit rate (lack of progression ≥6 months) 
among all patients treated at the maximum tolerated dose  
(100 mg/day) was 31%. Of note, PIK3CA mutation status 
did not predict clinical activity. Buparlisib is now in two 
ongoing phase III trials, in combination with fulvestrant 
or placebo, in postmenopausal ER+/HER2– metastatic 
breast cancer refractory to aromatase inhibitors (BELLE-2; 
ClinicalTrials .gov NCT01610284) and refractory 
to aromatase inhibitors and everolimus (BELLE-3; 
ClinicalTrials.gov NCT01633060). Initial findings from 
BELLE-3 suggest clinical benefits with Buparlisib plus 
endocrine therapy but at the cost of severe adverse events 
including attempted suicides (15).

In the PEGGY trial (1), patients with metastatic or 
locally advanced hormone receptor-positive HER2 negative 

breast cancer were randomized to receive paclitaxel with 
or without pictilisib. Pictilisib is a selective orally available 
pan-inhibitor of class I PI3K family members that inhibits 
the p110α, p110β, p110δ, and p110γ subunits of PI3K. This 
trial was based on preclinical studies showing enhanced 
antitumor activity of pictilisib and docetaxel combination 
(18,19). Pictilisib has also shown safety and tolerability 
in phase I trials, both alone and in combination with 
paclitaxel. The phase I trial of pictilisib in combination with 
paclitaxel showed a 6% complete response and 17% partial  
response (20). The PEGGY trial, however, failed to show 
any benefits of the combination in this Phase II setting. 
There was no significant progression-free survival (PFS) 
difference between arms in the intention-to-treat (ITT) 
population [8.2 vs. 7.2 months, hazard ratio (HR), 0.95; 
95% CI: 0.62–1.46; P=0.83] or patients with PIK3CA-
mutated tumors (7.3 vs. 5.8 months, HR, 1.06; 95% CI: 
0.52–2.12; P=0.88). There was no difference in PFS in the 
preplanned subgroup analysis. Also, significant adverse 
events including grade 3 rash and grade 2 pneumonitis were 
seen in pictilisib arm. Rash was the main cause of study 
drug dose modification, leading to more drug interruptions 

Table 1 Recent clinical trials with P13KCA inhibitors in breast cancer

Drug target Drug
Phase of 

development
Title HR (95% CI)

Pan-PI3K Pictilisib Phase II Pictilisib PI3Kinase inhibitor plus paclitaxel for the treatment of HR+, 
HER2−, locally recurrent, or metastatic breast cancer: interim analysis of 
the multicentre, placebo-controlled, phase II randomised PEGGY study

0.95 (0.62–1.46)

Pictilisib Phase II Pictilisib for ER+, aromatase inhibitor-resistant, advanced or metastatic 
breast cancer (FERGI): a randomised, double-blind, placebo-controlled, 
phase 2 trial

0.74 (0.52–1.06)

Pictilisib Phase II Phase II randomized preoperative window-of-opportunity study of the 
PI3K inhibitor pictilisib plus anastrozole compared with anastrozole 
alone in patients with estrogen receptor-positive breast cancer

0.48 (≤0.72)

Pan-PI3K Buparlisib Phase III Phase III study of buparlisib with fulvestrant in postmenopausal patients 
with HR+ HER2-negative locally advanced or metastatic breast cancer 
refractory to aromatase inhibitor (BELLE-2)

0.78

Buparlisib Phase II/III A randomized adaptive phase II/III study of buparlisib, a pan-class I 
PI3K inhibitor, combined with paclitaxel for the treatment of HER2− 
advanced breast cancer (BELLE-4)

1.18 (0.82–1.68)

Buparlisib Phase I A phase I trial of BKM120 (buparlisib) in combination with fulvestrant in 
postmenopausal women with ER+ metastatic breast cancer

58.6% (40.7–
74.5%)

p110α Alpelisib Phase Ib A phase Ib study of alpelisib (BYL719), a PI3Kα-specific inhibitor, with 
letrozole in ER+/HER2− metastatic breast cancer

35% (17–56%)

PI3K, phosphatidylinositol 3-kinase; HER2, human epidermal receptor 2; HR, hazard ratio.
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(11.0% vs.  1.1%), reductions (14.3% vs.  0%), and 
withdrawals (2.2% vs. 0%) in the pictilisib arm compared 
with the placebo arm.

FERGI, a phase II trial of fulvestrant with or without 
the pan-PI3K inhibitor pictilisib for ER+ metastatic breast 
cancer refractory to aromatase inhibitors showed that the 
addition of pictilisib to fulvestrant failed to improve PFS 
in either PIK3CA-mutant or wild-type breast cancers (21). 
There has been a trend with this class of drugs towards 
failing in phase II/III trials after success in preclinical and 
phase I studies. Buparlisib is the other sister drug in the 
same class which has shown mixed results. While BELLE-4 
was a negative trial (22) (the combination of paclitaxel with 
buparlisib did not show PFS benefits), BELLE-2 has been 
the only silver lining in this dark cloud. BELLE-2 showed 
a modest improvement with the use of buparlisib plus 
fulvestrant in patients with hormone receptor+, HER2− 
advanced breast cancer (23). It also showed a significant 
improvement in PFS in tumors that harbored PI3K 
mutations, which has not been seen in the previous trials 
with pictilisib. A recent phase I trial with alpelisib, a PI3K 
p110α specific inhibitor, has shown safety as well as efficacy 
with letrozole in ER+/HER2− metastatic breast cancer (24). 

Several questions arise from the results of the above 
trials. Are we using wrong combinations or wrong drugs? Is 
pictilisib not as effective in combination with other drugs? 
Combining these drugs with chemotherapy is all the more 
challenging due to added adverse events requiring dose 
reductions. That may be why the only modest positivity 
has been seen in combinations with antiestrogens and not 
chemotherapy. Another reason of failure might be the 
complexity of the PI3K-AKT-mTOR pathway. Inhibition 
of this pathway can lead to feedback upregulation of 
pathways like FOXO3a-HER3, IGF1R, MEK-ERK and 
other genomic changes causing resistance mechanisms 
(3,25). Several challenges remain before we can accept this 
class of drugs. These include exploring mechanisms of 
resistance, identify the right combination of other targeted 
drugs to be used with PI3K pathway inhibitors, finding 
the optimal patient population for which this drug is most 
effective, exploring potential biomarkers of clinical response 
and dose-limiting toxicity that prevent achieving drug dose 
with anti-tumor effects. 

Acknowledgments

Funding: Susan G. Komen for the Cure (SAC110025) 
provided financial support for research in Dr. Nakshatri lab.

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by the Section Editor San-Gang Wu 
(Department of Radiation Oncology, Xiamen Cancer 
Center, the First affiliated Hospital of Xiamen University, 
Xiamen, China).

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2017.03.24). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Vuylsteke P, Huizing M, Petrakova K, et al. Pictilisib 
PI3Kinase inhibitor (a phosphatidylinositol 3-kinase 
[PI3K] inhibitor) plus paclitaxel for the treatment of 
hormone receptor-positive, HER2-negative, locally 
recurrent, or metastatic breast cancer: interim analysis of 
the multicentre, placebo-controlled, phase II randomised 
PEGGY study. Ann Oncol 2016;27:2059-66.

2.	 Lauring J, Park BH, Wolff AC. The phosphoinositide-
3-kinase-Akt-mTOR pathway as a therapeutic target in 
breast cancer. J Natl Compr Canc Netw 2013;11:670-8.

3.	 Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis 
of complex cancer genomics and clinical profiles using the 
cBioPortal. Sci Signal 2013;6:pl1

4.	 Campbell RA, Bhat-Nakshatri P, Patel NM, et al. 
Phosphatidylinositol 3-kinase/AKT-mediated activation 
of estrogen receptor alpha: a new model for anti-estrogen 
resistance. J Biol Chem 2001;276:9817-24.

5.	 Cancer Genome Atlas Network. Comprehensive molecular 

http://dx.doi.org/10.21037/tcr.2017.03.24
http://dx.doi.org/10.21037/tcr.2017.03.24


S375Translational Cancer Research, Vol 6, Suppl 2 March 2017

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 2):S371-S375 tcr.amegroups.com

portraits of human breast tumours. Nature 2012;490:61-70.
6.	 Meyer DS, Brinkhaus H, Müller U, et al. Luminal 

Expression of PIK3CA Mutant H1047R in the Mammary 
Gland Induces Heterogeneous Tumors. Cancer Res 
2011;71:4344-51.

7.	 Liu P, Cheng H, Santiago S, et al. Oncogenic PIK3CA-
driven mammary tumors frequently recur via PI3K 
pathway-dependent and PI3K pathway-independent 
mechanisms. Nat Med 2011;17:1116-20.

8.	 Mayer IA, Arteaga CL. The PI3K/AKT Pathway as a 
Target for Cancer Treatment. Annu Rev Med 2016;67:11-28.

9.	  Bendell JC, Rodon J, Burris HA, et al. Phase I, dose-
escalation study of BKM120, an oral pan-Class I PI3K 
inhibitor, in patients with advanced solid tumors. J Clin 
Oncol 2012;30:282-90.

10.	 Hay N. Akt isoforms and glucose homeostasis - the leptin 
connection. Trends Endocrinol Metab 2011;22:66-73.

11.	 Ackermann TF, Hörtnagl H, Wolfer DP. 
Phosphatidylinositide dependent kinase deficiency 
increases anxiety and decreases GABA and serotonin 
abundance in the amygdala. Cell Physiol Biochem 
2008;22:735-44.

12.	 Kalkman HO. The role of the phosphatidylinositide 
3-kinase-protein kinase B pathway in schizophrenia. 
Pharmacol Ther 2006;110:117-34.

13.	 Mayer IA, Abramson VG, Isakoff SJ, et al. Stand up 
to cancer phase Ib study of pan-phosphoinositide-3-
kinase inhibitor buparlisib with letrozole in estrogen 
receptor-positive/human epidermal growth factor 
receptor 2-negative metastatic breast cancer. J Clin Oncol 
2014;32:1202-9.

14.	 Benefit Mixed with Caution for Buparlisib. Cancer Discov 
2017;7:121.

15.	 Bosch A, Li Z, Bergamaschi A, et al. PI3K inhibition 
results in enhanced estrogen receptor function and 
dependence in hormone receptor-positive breast cancer. 
Sci Transl Med 2015;7:283ra51.

16.	 Crowder RJ, Phommaly C, Tao Y, et al. PIK3CA and 
PIK3CB inhibition produce synthetic lethality when 
combined with estrogen deprivation in estrogen receptor-
positive breast cancer. Cancer Res 2009;69:3955-62.

17.	 O'Brien C, Wallin JJ, Sampath D, et al. Predictive 

biomarkers of sensitivity to the phosphatidylinositol 3' 
kinase inhibitor GDC-0941 in breast cancer preclinical 
models. Clin Cancer Res 2010;16:3670-83.

18.	 Wallin JJ, Guan J, Prior WW, et al. GDC-0941, a novel 
class I selective PI3K inhibitor, enhances the efficacy of 
docetaxel in human breast cancer models by increasing cell 
death in vitro and in vivo. Clin Cancer Res 2012;18:3901-11.

19.	 Schöffski P, Cresta S, Mayer IA, et al. Tolerability and anti-
tumor activity of the oral PI3K inhibitor GDC-0941 in 
combination with paclitaxel, with and without bevacizumab 
or trastuzumab in patients with locally recurrent or 
metastatic breast cancer. Cancer Res 2015;75:P5-19-10.

20.	 Krop IE, Mayer IA, Ganju V, et al. Pictilisib for oestrogen 
receptor-positive, aromatase inhibitor-resistant, advanced 
or metastatic breast cancer (FERGI): a randomised, 
double-blind, placebo-controlled, phase 2 trial. Lancet 
Oncol 2016;17:811-21.

21.	 Martín M, Chan A, Dirix L, et al. A randomized adaptive 
phase II/III study of buparlisib, a pan-class I PI3K 
inhibitor, combined with paclitaxel for the treatment of 
HER2- advanced breast cancer (BELLE-4). Ann Oncol 
2016. [Epub ahead of print].

22.	 Baselga J, Im SA, Iwata H, et al. PIK3CA status in 
circulating tumor DNA (ctDNA) predicts efficacy 
of buparlisib (BUP) plus fulvestrant (FULV) in 
postmenopausal women with endocrine-resistant HR+/
HER2–advanced breast cancer (BC): first results from the 
randomized, phase III BELLE-2 trial. San Antonio Breast 
Cancer Symposium, December 8–12, 2015. 

23.	 Mayer IA, Abramson VG, Formisano L, et al. A A Phase Ib 
Study of Alpelisib (BYL719), a PI3Kα-Specific Inhibitor, 
with Letrozole in ER+/HER2- Metastatic Breast Cancer. 
Clin Cancer Res 2017;23:26-34.

24.	 Cheng H, Liu P, Ohlson C, et al. PIK3CA(H1047R)- and 
Her2-initiated mammary tumors escape PI3K dependency 
by compensatory activation of MEK-ERK signaling. 
Oncogene 2016;35:2961-70.

25.	 Klempner SJ, Myers AP, Cantley LC. What a tangled web 
we weave: emerging resistance mechanisms to inhibition 
of the phosphoinositide 3-kinase pathway. Cancer Discov 
2013;3:1345-54.

Cite this article as: Kalra M, Nakshatri H. Will PI3K-targeted 
therapies for cancer become a reality? Transl Cancer Res 
2017;6(Suppl 2):S371-S375. doi: 10.21037/tcr.2017.03.24


