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Abstract: Nasopharyngeal carcinoma (NPC) is endemic to Southeast Asia and over 40% of NPC tissues harbor
PIK3CA amplifications. This study aims to study the preclinical activity of a novel PI3K inhibitor, BYL719, in 6 NPC
cell lines: C666-1, CNE-2, HK1, HK1-EBV, HONE-1 and HONE-1-LMP1. Over 70% of growth inhibition was attained
when NPC cell lines were exposed to increasing concentrations of BYL719, with IC50 values at the low micro-molar
range. Two BYL719-sensitive cell lines that harbor PIK3CA mutations, CNE-2 and HONE-1, were selected for fur-
ther analysis on the effect of BYL719 on cell cycle progression, apoptosis and PI3K signaling. BYL719 significantly
reduced the phosphorylation of Akt, and the Akt-mTOR axis downstream effector S6 in these 2 cell lines, but a
feedback activation of MAPK was observed at 72 hours post-treatment. BYL719 induced G /G, cell cycle arrest and
apoptosis in both cell lines. In 3D cell culture models, the growth of NPC spheroids was significantly inhibited in a
dose-depending manner. When BYL719 was combined with a MEK inhibitor (AZD6244) in a 3D cell culture system,
strong synergism on NPC cell growth was observed with attenuation of MAPK activation. A synergistic inhibitory ef-
fect on growth was observed when BYL719 was combined with higher dose levels of cisplatin. These data suggest
that BYL719 has preclinical activity in NPC cell lines especially in those which harbor PIK3CA mutation. Combination
with a MEK inhibitor maybe a useful strategy that warrants further investigation.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithe-
lial malignancy featured by its unique epidemi-
ology and geographical distribution. Over
84,400 incident cases were diagnosed in 2008
and the incidence rate was the highest in
Southeast Asia [1]. Concomitant chemoradio-
therapy is the standard of care for locoregion-
ally advanced NPC [2], but in spite of the overall
improvement in survival for NPC in the last two
decades, more than 50,000 people still died
from NPC in 2008 worldwide, hence there is a
need for better systemic treatment.

The phosphoinositide 3-kinase/protein kinase
b (PI3K/Akt) pathway is often deregulated in

NPC. The PI3K/Akt pathway has long been
thought to play a critical role in carcinogenesis
as activation of its downstream effectors such
as mTOR have been associated with increased
cellular proliferation and genomic instability,
decreased apoptosis and alterations in the
cytoskeleton [3]. Epstein-Barr virus (EBV) has
been associated with many different types of
human malignancies such as NPC [4]. The EBV
latent membrane proteins (LMP)1 and LMP2A
are frequently found in NPC and they are able to
activate the PI3K/Akt and the mitogen-activat-
ed protein kinase (MAPK) signaling pathways
[5]. The PIBK/Akt pathway is also essential in
promoting cancer metastasis and drug resis-
tance [6-8]. Genome-wide studies using array-
based comparative genomic hybridization have
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shown that PIKBCA amplifications are present
in 40-70% of NPC tissues [9, 10]. Hot spot
PIK3CA mutations have also been reported in
low frequencies in NPC cell lines and tissues
[10]. Hence, inhibition of this pathway could be
an effective strategy against NPC.

BYL719 is a selective PI3Ka inhibitor that is
equipotent against the somatic PI3Ka muta-
tions and wild-type PI3Ka. Significant anti-
tumor activity has been observed when BYL719
was administered orally to mice bearing PIK-
3CA-dependent tumor xenograft models. Com-
pared to pan-PI3K inhibitors, BYL719 has a bet-
ter safety profile in terms of glucose metabo-
lism in animal model [11]. In vitro, BYL719 ex-
hibits the highest potency against PI3Ka acti-
vation (IC,, = 4.6 nmol/L) than other isoforms
such as PI3K3 (IC,, = 290 nmol/L) and PI3Kp
(ICy, = 1,156 nmol/L) [12]. Moreover, the plas-
ma level of insulin rose in proportion to the
plasma concentration of BYL719 without any
significant changes in the plasma glucose level
in animal test. Interestingly, cells harboring
PIK3CA mutations are more responsive to
BYL719 [11]. BYL719 has been used in a phase
| study regarding patients with PIK3CA-mutant
ER-positive metastatic breast cancer (MBC). It
was investigated with a favorable safety and PK
profile, the MTD was established at 400 mg
once daily and promising preliminary clinical
activity was observed in MBC patients [13, 14].
Hence, BYL719 warrants further investigation
in other cancers

The objective of this study is to elucidate the
effect of BYL719 on NPC growth, cellular apop-
tosis, cell cycle progression, and PI3K-Akt-
MTOR signaling as well as the potential syner-
gistic effect on growth when combined with
cisplatin or a MEK inhibitor.

Materials and methods
Cell lines

Three EBV-associated NPC cell lines (HK-1-EBV,
HONE-1-LMP1 and C666-1) and three non-EBV
cell lines (HK-1, HONE-1 and CNE-2) were sele-
cted in this study. These cell lines were opted
for this study as C666-1 and HK-1 cell lines
carry PIK3CA amplifications while CNE-2 and
HONE-1 harbor a PIK3CA mutation in exon 20
(missense mutation, H1047R) [10, 15]. These
cells were cultured in RPMI-1640 medium sup-
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plemented with 10% fetal bovine serum (FBS)
(Hyclone, Thermo Fisher Scientific, Logan, UT),
1% of 10 mM sodium pyruvate and 1% mixture
of penicillin (50 IU/ml) and streptomycin (50ug/
ml) (P/S) (Gibco, Life Technologies, Carlsbad,
CA).

Drugs, chemicals and antibodies

BYL719 was provided by Novartis Pharma AG
(Basal, Switzerland). AZD6244 and Cisplatin
were purchased commercially from LC Labo-
ratories (Woburn, MA) and Pharmachemie B.V.
(Haarlem, The Netherlands) respectively. Amer-
sham ECL Western blotting detection reagents
were from GE Healthcare Biosciences (Pitts-
burgh, PA). The following antibodies were pur-
chased from Cell Signaling Technology (Dan-
vers, MA): antibodies recognizing cleaved PARP
(#9541), p-p70S6K(Thrd21/S424) (#9204),
p-mTOR(Ser2448) (#2971), mTOR (#2972), p-
Akt(Serd73) (#9271), Akt(pan) (#4691), p-S6
(#2215), S6 (#2217), p-p44/42 MAPK(Thr202/
Tyr204) (#9101), p44/42 MAPK (#9102) and
GAPDH (#2118). Actin antibody (#CP0O1) was
purchased from Calbiochem.

Assay of cytotoxicity of BYL719 alone or in
combination

Cytotoxicity was assessed by a colorimetric
assay using 3-(4, 5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT). Cells were
cultured in 48-well plates (5000-30000 cells
per well) in respective culture medium. BYL719
alone or in combination with cisplatin/MEK
inhibitor AZD6244 was added at 24 hours after
cell plating and incubated at 37°C with 5% CO,
for 24, 48, and 72 hours in complete medium.
Cell growth inhibition was expressed as the
percentage of the absorbance of control cul-
tures measured at 570 nm with a microplate
reader (PerkinElmer 1420 Multilabel Counter
VICTOR3, Waltham, Massachusetts, USA) and
the 50% of the maximum growth inhibition
(IC,,) was calculated (GraphPad PRISM; Intui-
tive Software for Science, San Diego, CA). In
each experiment, triplicate wells were perfor-
med for each drug concentration (n = 3), and
assay was repeated in three independent ex-
periments.

Western blot analysis

To study the effect of BYL719 on PI3K-Akt-
mTOR signaling, two NPC cell lines that are
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Figure 1. A. Representative dose response curve on
C666-1, CNE-2, HONE-1, HONE-1-LMP1, HK-1-EBV
and HK1, showing at least 50% of growth inhibition
at 72 hours of incubation with BYL719. B. Corre-
sponding IC, at 72 hours incubation of BYL719.

most sensitive to BYL were treated with BYL719
at or near IC_, concentrations for 48 and 72
hours. Cells were lysed with the western lysis
buffer for 10 min at 4°C and the lysate was
then centrifuged at 4°C, 12,000 rpm for 10
min. Supernatant was collected for protein qu-
antitation with the usage of Bicinchoninic Acid
(BCA) Assay (Sigma Aldrich) and bovine serum
albumin of known concentration as the stan-
dard. Twenty-five ug of total protein was reso-
Ived on SDS-PAGE gel and transferred onto the
Trans-Blot nitrocellulose membrane using wet
transfer machine (BioRad Laboratories, Her-
cules, CA). After protein transfer, the membrane
was blocked with 5% non-fat dry milk, 0.2%
Tween 20 in 1X PBS (TBST) for 2 hours at room
temperature. The membrane was incubated
with primary antibody at 4°C overnight and
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Figure 2. Akt, mTOR and p70S6K phosphorylation
profile in NPC cell lines.

washed thrice with TBST for 15 min each. The
membrane was then incubated with secondary
antibody for 1 hour at room temperature and
washed thrice for 15 min. The blot was devel-
oped with GE Amersham ECL chemilumines-
cent substrate by autoradiography.

Analysis of cell cycle and apoptosis

NPC cells were plated in 50 mm? culture dishes
at a number of 1.5 x 10° cells, and then treated
either with control or 3 different concentrations
of BYL719. Cells were collected at 16 and 24
hour by trypsinization, centrifugation, following
fixation with 70% cold ethanol. DNA staining
was performed with a solution containing
RNase (0.2 mg/ml) and propidium iodide (0.05
pg/ml). Analysis was performed using a FAC-
Scan flow cytometer while data of cell cycle
were processed with CELLQuest software (Be-
cton Dickinson). Apoptotic effect of BYL719
was determined via the detection of cleaved
poly (ADP-ribose) polymerase (PARP) by Wes-
tern blotting.

3D culture

Cells were plated on matrigel (BD Biosciences)
coated well and cultured in RPMI-1640 medi-
um with 2% matrigel. DMSO control and three
different doses at or near IC,, concentration of
BYL719 were added to the spheroids after 48
hours of cell plating. The cells were then incu-
bated for another 6 days and drug was replen-
ished once within this period.

Am J Cancer Res 2015;5(4):1496-1506
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Figure 3. A. Effect of either 16 or 24 hours incubation of BYL719 on cell cycle distribution in CNE-2 and HONE-1
cell lines. Minor G1 phase accumulations were observed. B. Effect of BYL719 on apoptotic induction of CNE-2 and
HONE-1. Cleaved PARP was detected at 48 or 72 hours of incubation with BYL719, in a time- and dose-dependent
manner.
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Synergistic effect in 3D culture

Synergistic effect with AZD6244 and cisplatin
was performed on NPC cell lines that are most
sensitive to BYL719 in 3D culture. 1 x 10* cells
were plated in each matrigel-coated well in
48-well plates. Treatment started at 48 hours
after cell plating (day 0) after cell plating and
drug was replenished at day 3. Growth inhibi-
tion was determined by MTT assay at day 6.
Briefly, 150 pl of 5 mg/ml MTT solution was
added to each well, followed by 2 hours of incu-
bation at 37°C. Cells were then incubated in
0.01 M HCl in 10% SDS at 37°C until all forma-
zan dissolved. Cell growth inhibition was then
determined as described above. Combination
Index (Cl) was calculated by Calcusyn software
(Biosoft, Cambridge, UK). Based on the method
described by Chou et al., the Cl was calculated
as D1/(Dx)1+D2/(Dx)2, in which ‘X’ represents
the level of growth inhibition when the two
drugs (D1 = dose of drug 1 and D2 = dose of
drug 2) combined, while (Dx)1 represents the
dose of drug 1 alone that was necessary to
inhibit inhibition ‘x” and (Dx)2 is the dose of
drug 2 alone required to reach inhibition ‘X’
(Dx)1 and (Dx)2 were obtained from their indi-
vidual dose-response curves. Cl < 0.7 indicates
that the drug combination is synergistic. Images
of 3D culture spheroids were captured by Axio
Observer Z1 using ZEN imaging software (Carl
Zeiss, Germany).

Statistical analysis

Statistical analyses were performed using
PRISM4 Software (GraphPad, La Jolla, CA).
Unpaired T-test with Welch Correction was used
unless specified. Findings were considered as
statistically significant when P value < 0.05.

Results

Effect of BYL719 on cell growth in NPC cell
lines

Exposure to BYL719 for up to 72 hours resulted
in over 80% of growth inhibition in HONE-1,
HONE-1-LMP1, HK-1 and HK-1-EBV cell lines.
Around 70% of growth inhibition was observed
in C666-1 and CNE-2 (Figure 1A) cells. The
respective IC,; values were in micro-molar
range (in a descending order of sensitivity):
HONE-1 = 0.56+0.04 uM; CNE-2 = 0.90+0.06
pMM; HONE-1-LMP1 = 0.95+0.06 pM; HK-1-EBV
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= 1.49+0.25 pM; HK-1 = 1.53+0.12 uM; and
C666-1 = 1.85+0.17 uM (Figure 1B). HONE-1
and CNE-2 cells were found to be most sensi-
tive to the growth inhibitory effect of BYL719,
and both cell lines harbor a PIK3CA mutation.
The result suggests that cell lines carrying
PIK3CA mutations could be more sensitive to
BYL719 compared to those with wild-type
PIK3CA.

Basal activation of PI3K-Akt-mTOR signaling in
NPC cell lines

All NPC cell lines showed basal activation of Akt
and its downstream effectors mTOR and
p70S6K. C666-1, HONE-1-LMP1, HK-1-EBV and
HK-1 overexpressed a higher basal level of
p-Akt than HONE-1 and CNE-2 cells. Downs-
tream to Akt, p-mTOR was strongly expressed
in CNE-2 and HONE-1 compared to other cell
lines. Most of the NPC cell lines expressed a
high basal level of p-p70S6K in comparison
with C666-1 cells (Figure 2). HONE-1 and CNE-2
cells were subsequently selected for further
analysis on the effect of BYL719 on Akt signal-
ing, cell cycle and apoptosis, as well as on cell
growth when combined with cisplatin or a MEK
inhibitor.

BYL719 induced G /G, cycle arrest in NPC cell
lines

A dose-dependent increase in the percentage
of cells undergoing G /G, cycle arrest was
observed in HONE-1 and CNE-2. A dose-depen-
dentincrease in the proportion of cells entering
the G,/G, phase could be observed when
HONE-1 cells were exposed to BYL719 at
increasing concentrations at 16 and 24 hours.
For instance at 24 hours after exposure to
BYL719, the percentage of cells entering G /G,
phase rose from a baseline of 46.82% to
53.79% at a concentration of 0.3 uM, t0 53.14%
at 0.6 uM, and to 60.61% at 0.9 uM. On the
other hand, G /G, accumulation was observed
in CNE-2 cells only at 24 hours following expo-
sure to BYL719, with the proportion of cells
entering G /G, phase increasing from a base-
line of 39.42% to 43.17% at a concentration of
BYL719 at 0.5 uM, 48.86% at 1.0 uM, and
52.17% at 1.5 uM) (Figure 3A).

Using cleaved PARP as an indicator for apopto-
sis, it was found that apoptosis was not detect-
ed in both cell lines at 16 and 24 hours follow-

Am J Cancer Res 2015;5(4):1496-1506
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Figure 4. Protein expression was detected by immunoblotting after 16, 24, 48 and 72 hours treatment. Inhibition
of Akt and S6 were observed up to 48 hours of treatment. At 72 hours, the inhibition of S6 was diminished and

feedback activation of MAPK was observed.

ing exposure to BYL719 at concentrations at or
near the IC, values of the respective cell lines.
Apoptosis was only detected following longer
exposure at 48 to 72-hour in both HONE-1 and
CNE-2 cells (Figure 3B).

BYL719’s effects on Akt and its downstream
pathway signaling

The effect of BYL719 on PI3K-mediated signal-
ing was assessed by analyzing the expression
level of activated and total forms of its down-
stream targets. Upon treatment with BYL719 at
concentrations at or near their respective IC_
values for 72 hours, the levels of phosphory-
lated and total forms of Akt and its downstream
effectors were significantly reduced in HONE-1
and CNE-2. The effect on phosphorylated Akt
and S6 was detected shortly after 16 hours
treatment of BYL719 and became increasingly
noticeable after 72 hours exposure (Figure 4).

Previously, it was reported that the inhibition of
mTOR would lead to the activation of MAPK
pathway in other human cancers [16, 17]. Since
BYL719 exerts potent inhibitory effects on the
Akt-mTOR signaling, we investigated its effect
on the expression level of MAPK and its activa-
tion in the NPC cell lines. Treatment with
BYL719 resulted in an increase in the level of
phosphorylated and total p-p44/42 MAPK at
48 and 72 hours in HONE-1 and CNE-2 cells
respectively, whereas MAPK activation in
HONE-1 was diminished at 72 hours. In general,
BYL719 had a more rapid onset of inhibitory
effect on Akt and its downstream signaling
pathways in CNE-2 cells, which is also more
sustainable compared to HONE-1.
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The effect of combining BYL719 and cisplatin
or the MEK inhibitor AZD6244 on NPC cell
growth

3D culture was used to further test the inhibi-
tory effects of BYL719. Over 50% of growth inhi-
bition was observed in HONE-1 spheroids for a
6-day treatment at concentrations at or near
their IC,, values (Figure 5A). HONE-1 was then
opted for the investigation of synergistic effect
of BYL719 in combination with cisplatin/MEK
inhibitor AZD6244.

HONE-1 and CNE-2 cell lines were treated with
BYL719 at IC,, concentration (0.6 pM) in combi-
nation with a MEK inhibitor AZD6244 (0.325
MM, 0.65 uM) or cisplatin (2 uM, 4 uM) for up to
72 hours. BYL719 had shown synergistic effect
on growth inhibition when combined with
AZD6244 or cisplatin. The combination indices
(Cls) for BYL719 (0.6 uM) plus AZD6244 at 2
different concentrations of 0.325 uyM and 0.65
UM were 0.17 and 0.13 respectively, indicating
strong synergisms. The Cls for BYL719 (0.6 uM)
plus cisplatin at 2 different concentrations (2
UM and 4 uM) were 1.109 and 0.585, indicat-
ing a mild synergism on growth inhibition (Fig-
ure 5B). Microscopic images had shown that
the combined treatments could significantly
inhibit the growth and formation of tumor
spheroids compared with untreated control or
single drug treatment (Figure 5C). The results
were further verified by Western blotting. The
addition of AZD6244 resulted in the suppres-
sion of the MAPK feedback activation induced
by BYL719 treatment (Figure 5D). The abroga-
tion of the MAPK feedback activation could
have partly accounted for the synergistic effect

Am J Cancer Res 2015;5(4):1496-1506
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Figure 5. A. Efficacy of BYL719 was evaluated by
HONE-1 3D cultures. A dose dependent growth inhi-
bition was observed. B. Synergistic study of BYL719
and AZD6244 or cisplatin on HONE-1 3D cultures.
Strong synergistic effects were observed from the
combined treatment of BYL719 and AZD6244. Syn-
ergism was observed in BYL719 treatment with high
dose of cisplatin only. C. Microscopic images show-
ing 6 days treatment of BYL719, AZD6244, cisplatin
or in combinations with matrigel 3D culture of HONE-
1 cells. The combined treatments had shown signifi-
cant inhibition to the growth of spheroids compared
to untreated control and single drug treatment. Bar
represents 200 ym. D. Protein was extracted for
western blot. The induced feedback activation of
MAPK at 72 hours was successfully inhibited by the
co-treatment with AZD6244. The combined treat-
ment with cisplatin did not significantly change the
signaling profile of BYL719 treatment; the beneficial
effects of the combined treatment might be due to
the addition of DNA damaging effect.
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between BYL719 and AZD6244. Treatment of
NPC cells with cisplatin also resulted in a very
strong Akt and MAPK activation. The inhibitory
effect observed from BYL719 plus higher doses
of cisplatin could be due to the suppression of
Akt activation by BYL719 in vitro (Figure 5D).
BYL719 had demonstrated a better inhibitory
effect on NPC cell growth when combined with
AZD6244 in both 2D and 3D NPC culture
models.

Discussion

The PI3K pathway has always been seen as a
critical component in cell growth, proliferation,
survival and protein synthesis. Previous find-
ings affirmed that Akt signaling and its down-
stream effectors are over-active in most NPC
cell lines. We have previously evaluated the
preclinical activity of an inhibitor of Akt (MK-
2206), mTOR (RADOO01) and dual inhibitors of
PIBK-mTOR (PF-04691502 and BEZ235) [18-
21]. A common phenomenon observed with
TORC1 inhibitors is the induction of Akt activa-
tion in some NPC cell lines, which has been well
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described with rapamycin analogues owing to
its effect on the Akt feedback loop [22].

In this study, the alpha-isoform specific PI3K
inhibitor, BYL719, was effective in suppressing
cell growth in 6 NPC cell lines (C666-1, CNE-2,
HONE-1, HONE-1-LMP1, HK-1-EBV and HK-1) at
micro-molar concentrations, while CNE-2 and
HONE-1 cells were found to be most sensitive
to BYL719. Around 80% of growth inhibition
was attained at 72 hours of treatment. BYL719
could also induce apoptosis and G./G, cycle
arrest in CNE-2 and HONE-1 cells in a dose
dependent manner. In addition, this inhibitory
effect was also observed in 3D matrigel cul-
turedspheroidsin HONE-1 cells. Mechanistically,
BYL719 was effective in inhibiting the activa-
tion of Akt and its downstream pathways such
as S6, which is their downstream effector of
Akt-mTOR axis. This could have impaired pro-
tein synthesis and driven the cells to G, cycle
arrest. Furthermore, a MAPK activation feed-
back loop was induced by BYL719 treatment,
which was possibly due to the inhibition of
mTOR and its downstream effectors as report-
ed in other types of cancers [16].
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Previous reports have indicated a supra-addi-
tive effect on growth inhibition when an Akt
inhibitor like MK-2206, or TORC1 inhibitor such
as RADOO1 was combined with cisplatin in NPC
cell lines [18, 19]. However, only a modest addi-
tive effect was resulted when the dual inhibitor
PF-04691502 was combined with cisplatin
[20]. For BYL719, a strong synergistic effect
was observed in the 3D culture model when it
was combined with MEK inhibitor AZD6244.
The same drug combination was also reported
to be synergistic against KRAS mutant NSCLC
cells [23]. The feedback activation of MAPK
induced by BYL719 could have diminished the
growth inhibitory effect since MAPK signaling
plays an important role in controlling cell
growth, proliferation and protein synthesis [24].
Inhibition of this feedback activation of p44/42
MAPK via the MEK inhibitor, AZD6244, could
have explained the strong synergism observed
when BYL719 was combined with AZD6244.
This supports a combinatorial approach in the
clinical development of BYL719.

In this study, cisplatin treatment alone was
found to induce very strong Akt and MAPK acti-
vation in NPC cell lines. BYL719 was able to
suppress this Akt activation, but had minimal
effect on MAPK activation. This probably con-
tributed to the lesser degree of synergism on
cell growth observed with the BYL719-cisplatin
combination, compared with the BYL719-AZD-
6244 combination. Overall, the results of this
study support the clinical evaluation of BYL719
in NPC, preferably in combination with MEK/
MAPK inhibitor or cisplatin.

In addition, toxicity is a crucial issue that we
could not neglect as the PI3K/Akt/mTOR and
MEK/ERK pathways have an important role in
human cell physiology and the simultaneous
blockage of both pathways could have undesir-
able consequences. In clinical trials, the safety
profile of PI3K inhibitors regarding feudal
events is acceptable and the adverse events
have been manageable. Some of the toxicities
observed in early phase clinical trials have in-
cluded hyperglycemia, maculopapular rash,
gastrointestinal intolerance (anorexia, nausea,
vomiting, dyspepsia, diarrhea), and stomatitis
[23]. Since p110« is primarily the intracellular
mediator of insulin response via the interac-
tions with insulin receptor substrate (IRS), near-
ly 50% of patients treated with BYL719 in phase
| trial encountered hyperglycemic event for at
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least once [25-27]. MEK inhibitors might bring
about vascular leakage, mild and reversible
visual disturbance [28]. For instance, patients
in the phase | single agent study of MEK inhibi-
tor AS703026 were reported developing blu-
rred vision, abnormal perception of colors and
field defects, the symptoms were resolved
spontaneously with the on-going treatment
[13]. It might also lead to rashes, however, dis-
tinctive to the ones caused by PI3K inhibitors.
In a study of 225 patients with advanced can-
cer who were treated with PI3K inhibitors alone
(54%), MAPK inhibitors alone (16%) or in combi-
nation (54%), a higher percentage of drug-relat-
ed grade 3 or 4 adverse events (AEs) were
observed in patients who received MAPK and
PI3K inhibitors together (46%) compared to
those who received either of these agents
alone (17%). Five out of nine patients had dem-
onstrated tumor regression after co-treatment,
in which they were either having simultaneous
PIBK pathway genetic alternations, K-Ras or
B-Raf mutations, suggesting dual blockage
strategy was effective in patients with these
mutations. Hence, the results suggested that
concurrent blockade of both pathways may be
efficacious but at the expense of increased tox-
icities [13, 29]. The result of an ongoing phase
Ib study of MEK162 and BYL719 co-treatment
in adult patients with selected advanced solid
tumors is eagerly awaited (NCT01449058).

The profiling results of Cancer Cell Line
Encyclopedia (CCLE) confirmed that PIK3CA
mutation status affects BYL719’s sensitivity
and it was found to be the most significant
mutation feature for predicting the response of
BYL719. The response rate for PIK3CA mutant
cell lines was 64% while the response rate for
PIK3CA wild-type group was only 22%. The
PIK3CA mutation feature illustrated a 3-fold
improvement in response rate against wild-type
and a 2.5-fold over random. PIK3CA amplifica-
tion and NRAS mutation have also been found
to have a positive effect on BYL719’s response
[11]. In NPC, the incidence of PIK3CA hotspot
mutations has been reported to be between O
to 9.6% 15, 25. However, these studies exam-
ined relatively small number of tumor samples
and thus the actual incidence remains to be
defined.

It was reported that persistent mTORC1 activity
was found in BYL719 resistant cell lines. A
phase 1 clinical trial of BYL719 in patients with
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PIK3CA mutant solid tumors showed that
mTORC1 inhibition is crucial for the growth
inhibitory effect of BYL719 in PIK3CA mutant
cancers. Strong suppression of S6 phosphory-
lation was observed in breast cancer biopsies
derived from patients who had responded to
BYL719. mTORC1 inhibition also enhanced the
efficacy of BYL719, and the combination of
BYL719 and RADOO1 was found to yield better
anti-tumor activity than if either of these drugs
were used alone [30]. Clinically, BYL719 is
being evaluated in various cancers, including
esophageal squamous cell carcinoma (ESCC),
metastatic head and neck squamous cell carci-
noma, pancreatic and ovarian cancers. In the
on-going clinical trials, BYL719 is combined
with MEK inhibitor, MEK162, in the treatment
of advanced solid tumors (NCT01449058). It is
also being combined with ERBB antibodies,
cetuximab (NCT01602315) and LJM716 (NC-
T01922613). Combinational therapy is a prom-
ising approach for the development of BYL719.

Conclusion

The result of the current study supports the
clinical evaluation of BYL719 in NPC in combi-
nation with inhibitors of MEK signaling or cispl-
atin-based chemotherapy. The association
between sensitivity to BYL719 and PIK3CA
mutations warrants further investigations in
animal models.
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