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Abstract Aberrations in the PI3K signaling pathway are
frequently observed in patients with breast cancer. Because
of that, PI3K inhibitors are attractive options for the
treatment of breast cancer because PI3K is the most
proximal component of the pathway other than receptor
tyrosine kinases. Buparlisib is a potent and highly specific
oral pan-class I PI3K inhibitor, which is currently under
investigation in patients with breast cancer. In this article,
we describe the PI3K signaling pathway, the prognostic
value of PI3K pathway mutations, as well as the mecha-
nism of action of buparlisib. Lastly, we discuss preliminary
results of preclinical and clinical studies showing the effi-
cacy and safety profile of this agent in breast cancer
patients.
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Introduction

The alteration of the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (AKT)/mammalian target of rapamycin
(mTOR) pathway is central to the growth and survival of
many cancers, including that of colon, brain, stomach, liver,
lung, and breast. Alterations include amplification of human
epidermal growth factor receptor 2 (HER?2), loss/mutation of
the phosphatase and tensin homolog (PTEN), PI3K muta-
tion/amplification, AKT overexpression/overactivation, and
modulation of tuberous sclerosis protein 1 and 2 (TSC1/
TSC2) tumor suppressors [1]. These aberrations in the PI3K
signaling pathway are frequently observed in breast cancer,
mainly in hormone-sensitive tumors. The use of PI3K
pathway inhibitors is a valuable option in this setting.

PI3K inhibitors are attractive options for the treatment
of cancer because PI3K is the most proximal component of
the pathway other than receptor tyrosine kinases (RTKSs).
Therefore, targeting PI3K itself rather than AKT or mTOR
could provide global inhibition of the downstream com-
ponents within the pathway.

Buparlisib is a potent and highly specific oral pan-class I
PI3K inhibitor, which is currently under investigation in
patients with solid tumors. In this article, we describe the
PI3K signaling pathway, as well as the main characteristics
of buparlisib. Lastly, we discuss preliminary preclinical
and clinical studies demonstrating the efficacy of this agent
in breast cancer.

PI3K signaling pathway
The intracellular PI3K pathway regulates cellular functions

such as cell proliferation, growth, survival, apoptosis,
protein synthesis, and glucose metabolism. There are three
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classes of PI3Ks grouped according to structure and
function (class I, II, and III). Class A PI3K is the one most
clearly implicated in human cancer and consists of a reg-
ulatory subunit and a catalytic subunit. Regulatory subunits
are p85a (p85a, pSS5a, and p50a isoforms), p85P, and
p557, which by convention are referred to collectively as
p85. pl110 are also regulatory subunits. They are encoded
by the genes PIK3RI, PIK3R2, and PIK3R3, respectively.
The catalytic subunits are p110a, p110p, and p1109, which
are encoded by genes PIK3CA, PIK3CB, and PIK3CD.
Both PIK3CA and PIK3RI are somatically mutated in
cancers, and these mutations promote activation of the
PI3K pathway [2].

Class IA PI3Ks are activated by growth factor stimula-
tion through RTKSs. These receptors include HER2 and
insulin-like growth factor-1 receptor (IGF-1R) among
others [3-5]. The regulatory subunit, p85, directly binds to
phosphotyrosine residues on RTKs and/or adaptors, such as
the insulin receptor substrate 1 (IRS-1) [6]. This binding
relieves the intermolecular inhibition of the p110 catalytic
subunit by p85 and moves PI3K toward the plasma mem-
brane where its substrate, phosphatidylinositol 4,5-bis-
phosphate (PIP2), resides. The catalytic subunit can also be
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Fig. 1 PI3K/AKT/mTOR signaling pathway. 4E-BP1 elF4AE-binding
protein, AKT protein kinase B, /RS-/ insulin-like growth factor-1,
p70S6K 70 kDa ribosomal protein S6 kinase, PDKI phosphoinosi-
tide-dependent kinase 1, PI3K phosphatidylinositol 3-kinase, PIP2
phosphatidylinositol 4,5-bisphosphate, PIP3 phosphatidylinositol
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triggered by activated RAS, which directly binds p110, and
by G-protein coupled receptors [7, 8]. PI3K phosphorylates
phosphatidylinositol 4,5-bisphosphate (PIP2) to produce
phosphatidylinositol 3,4,5-trisphosphate (PIP3). In addi-
tion, the tumor suppressor PTEN dephosphorylates PIP3 to
PIP2, thereby regulating PI3K-dependent signaling in a
negative way [9] (Fig. 1).

Following PIP3 formation, phosphoinositide-dependent
kinase 1 (PDK1) and AKT bind to PIP3 through its
pleckstrin homology (PH) domains in close proximity to
the cell plasma membrane. PDKI1 activates AKT by
phosphorylating AKT at threonine 308 [10]. After this
phosphorylation, AKT is fully activated by the subsequent
phosphorylation at serine 473 by several protein kinases,
such as PDK1, the complex mTORC2 formed by mTOR
bound to rapamycin-insensitive companion of mTOR
(RICTOR), or AKT itself [11-14] (Fig. 1).

AKT is the central mediator of the PI3K pathway and
promotes cell growth and survival by several mechanisms.
One of the most studied downstream effectors of AKT is
mTOR, usually associated with the regulatory-associated
protein of mTOR (RAPTOR), creating the complex
mTORC1 [15]. AKT phosphorylates TSC2, thereby
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3,4,5-trisphosphate, PTEN phosphatase and tensin homolog, mTOR
mammalian target of rapamycin, RAPTOR regulatory-associated
protein of mTOR, RHEB RAS homolog enriched in brain, RICTOR
rapamycin-insensitive companion of mTOR, RTK receptor tyrosine
kinase, TSCI-TSC2 tuberous sclerosis protein 1 and 2



Clin Transl Oncol (2016) 18:541-549

543

inhibiting the GTPase activity of the TSC1/TSC2 dimer,
and the GTP-binding protein RAS homolog enriched in
brain (RHEB) remain in its active GTP-bound state,
causing a rise in mTORC1 [16, 17]. In the mTORCI1
complex, mTOR phosphorylates 70 kDa ribosomal protein
S6 kinase (p70S6K) and eIF4E-binding protein (4E-BP1),
leading to an increased translation and synthesis of cell
cycle regulating and ribosomal proteins [18, 19]. Activated
p70S6K also forms a negative feedback reducing the
activation of the PI3K pathway through phosphorylation
and subsequent inhibition of ISR-1 [20] (Fig. 1).

PI3K pathway in cancer

The PI3K pathway is one of the most highly mutated in
human cancer.

Disruption of this pathway can be due to a host of
genetic aberrations, resulting in either amplification or
mutation of PI3KCA, amplification or mutation of AKT,
decreased expression of PTEN, and also amplification or
overexpression of HER2 [21, 22].

PI3KCA encodes pl110a, the catalytic subunit of PI3K,
and is commonly mutated or amplified in cancers [23]. In
breast cancer, the overall mutation rate of PI3KCA is
around 40 % [24], and more than 85 % of the mutations
occur in E542K and E545K at exon 9, which encodes the
helical domain (HD), and H1047R at exon 20, which
encodes the catalytic domain (KD). These mutations confer
increased PI3K catalytic activity, leading to cellular
transformation through growth factor and anchorage-inde-
pendent cellular proliferation [25, 26].

Prognostic value of PI3K pathway mutations

The prognostic significance of PI3KCA mutations remains
most frequently inconclusive in breast cancer. Kalinsly
et al. analyzed the prognostic value of PI3KCA mutations
in 590 patients with breast cancer [27]. They identified
PI3KCA in 32.5 % of breast cancers. Compared with wild
type (WT), PI3KCA mutations were significantly more
likely to occur in elderly patients, lymph node negative,
hormone receptor-positive, HER2-negative, and low-grade
and early-stage breast cancer at diagnosis. Interestingly,
patients harboring a PI3KCA mutated breast tumor show a
marginally significant longer progression-free survival
(PFS) compared with patients with WT tumors (p = 0.06)
and a significant improvement in overall survival (OS)
(p = 0.03). In particular, patients with a H1047R KD
mutated tumor display a favorable prognosis when com-
pared with WT. This improvement in OS is not observed in
patients with a HD mutated tumors, showing that the OS
benefit is a result of the H1047R KD mutation. These

results demonstrate that the mechanism of PI3KCA muta-
tion-associated protection may differ according to mutation
type.

However, the fact that PI3KCA mutations are a marker
of favorable outcome for breast cancer patients remains
unexplained. One suggestion could be that cells harboring
the mutation are more sensitive to systemic treatment.
Another possibility is that there is a biphasic growth (i.e.,
an expansion of mutant cells followed by a senescence
program of limited growth). Notably, the comparative
group PI3SKCA WT were mainly HER2-positive but were
not treated with trastuzumab at this time [27].

A retrospective study conducted by Angulo et al.
determined that there are differences in mutation status of
components of the PI3K pathway and PTEN between pri-
mary tumors and metastases in breast cancer patients [28].
Also, Dupont et al. observed the discordance in PIK3CA
mutations between primary and metastatic disease in breast
cancer [29]. Overall, the rates of PI3KCA aberrations were
similar between the primary tumors and matched metas-
tases (around 41 %); however, the authors found marked
discordances in PTEN levels (26 %), PIK3CA mutations
(18 %), and receptor status (25 %) between the primary
tumor and metastases. Unexpectedly, they also found that
almost the same proportion of patients had activating
PIK3CA mutations in their primary tumor and not in
metastases as they had activating mutations in their
metastases but not primary tumors. The gain and loss fre-
quencies between primary and metastatic sites suggest that
the aberrations in the PI3K pathway are not required for the
metastatic process.

Antiestrogen treatment resistance

Boyault et al. showed that PI3K pathway mutations are
associated with estrogen receptor-positive breast tumors
irrespective of HER2 status [30]. Also, PIK3CA mutations
frequently occur in estrogen receptor-positive or HER2-
amplified breast tumors, which may be a major determinant
of resistance to endocrine and HER2-targeted therapies [31].

Currently, one of the most widely accepted mechanisms
linked with endocrine resistance is the amplification or
overexpression of the HER2 proto-oncogene [32]. More-
over, a large body of experimental and clinical evidence
suggests that activation of PI3K pathway promotes antie-
strogen resistance. In fact, there is crosstalk between the
PI3K and estrogen receptor pathway. PI3K activation was
shown to induce estrogen receptor phosphorylation at
Ser167 by AKT or p70S6K inducing estrogen-independent
transcriptional activity [33, 34]. In addition, PI3K and RAS
promote c-Jun phosphorylation. c-Jun complexes with
c-Fos to form the AP-1 complex, which cooperates with
estrogen receptor transcription [35]. These factors are the
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rationale for a combined targeting of the estrogen receptor
and PI3K pathways, as shown in the section below [36].

Mechanism of action of buparlisib

Buparlisib (Novartis Pharma AG, Basel, Switzerland) is an
oral inhibitor of the pan-class I PI3K family of lipid kinases
with antineoplastic activity. This agent specifically inhibits
class I PIK3 in the PI3K/AKT kinase signaling pathway in
an ATP-competitive approach, inhibiting both the pro-
duction of the secondary messenger phosphatidylinositol-
3.,4,5-trisphosphate and the activation of the PI3K signaling
pathway. This may result in inhibition of tumor cell growth
and survival in susceptible tumor cell populations. Bupar-
lisib does not significantly inhibit the related class III
(Vps34) and class IV (mTOR) PI3K.

The mechanism of action of buparlisib consists of
binding to the ATP-binding site of the KD of PI3K, pre-
venting the phosphorylation of PIP2 to PIP3, which
decreases the levels of phosphorylated AKT. This bio-
logical activity correlates with the inhibition of various
AKT downstream signaling pathway components and
with its antiproliferative activity [37, 38]. The vascular-
ization of many tumors is in part due to VEGF-induced
eNOS activation through a class IA PI3K-dependent
mechanism involving AKT [39-41]. Buparlisib has
shown in vivo antiangiogenic activity through the inhi-
bition of PI3K [38]. Buparlisib has also demonstrated cell
death irrespective of the level of PI3K when used in vitro
at higher dose. This apparently PI3K-independent effect is
due to the inhibition of microtubule dynamics upon direct
binding to tubulin, causing a prometaphase to metaphase
blockade [42].

Research with buparlisib

Several preclinical and clinical trials have evaluated or are
currently evaluating the pharmacokinetic, pharmacody-
namic and safety profile of buparlisib.

Preclinical studies

One of the preclinical investigations with buparlisib used
353 cell lines that varied with respect to key genetic
determinants such as the status of the PIK3CA, PTEN, and
KRAS genes [38]. Buparlisib exhibited preferential inhibi-
tion of tumor cells bearing PIK3CA mutations in contrast to
either PTEN or KRAS mutant models. Also, buparlisib
showed dose-dependent in vivo pharmacodynamic activity
as measured by significant inhibition of phosphorylated
AKT and tumor growth inhibition. Interestingly, it was
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observed that cotreatment of buparlisib with mitogen-ac-
tivated protein kinase/extracellular-signal-regulated kinase
(MEK) or HER? inhibitors, or with cytotoxic agents such
as docetaxel or temozolomide, could induce cell death [38].
In another preclinical study, the efficacy of several PI3K
inhibitors in association with fulvestrant against estrogen
receptor-positive breast cancer cell lines was evaluated
[36]. Buparlisib induced high levels of apoptosis when
combined with estrogen deprivation in sensitive cells. In
addition, fulvestrant strongly potentiated apoptosis when
combined with buparlisib treatment in MCF7 long-term
estrogen-deprived (LTED) cells. This is the rationale
behind the clinical studies combining buparlisib with ful-
vestrant in estrogen receptor-positive breast cancer
patients, who progressed on an aromatase inhibitor.
Therapeutic options for triple-negative breast cancers
are limited [43]. A small subset of these cancers has defects
in homologous recombination (HR)-mediated DNA repair
due to BRCA1/2 mutations. BCRA1/2 proteins are essential
components of HR to repair double-strand breaks of DNA.
Poly ADP-ribose polymerase (PARP) is needed for the
repair of single-strand breaks of DNA, and the use of
PARP inhibitors in tumors with BRCA1/2 mutations may
be sufficient to cause lethal DNA damage. In cases without
BRCA1/2 mutations, PARP inhibitors alone may be insuf-
ficient because of the functioning BRCA1/2 system. On the
other hand, PI3K stabilizes and preserves double-strand
break repairs by interacting with the HR complex. Triple-
negative tumors also display aberrant activation of the
PI3K pathway. Thus, direct inhibition of PI3K, together
with PARP inhibition, could be an attractive strategy for
this disease. Two preclinical trials studied the combination
of buparlisib and the PARP inhibitor olaparib in triple-
negative breast cancer cells [44, 45]. They observed that
PI3K blockade results in HR impairment sensitization to
PARP inhibition in triple-negative breast cancers without
BRCA mutations. Also, an ongoing clinical trial is evalu-
ating the combination of buparlisib and olaparib in patients
with recurrent triple-negative breast cancer or recurrent
high-grade serous ovarian cancer (NCT01623349).
Lapatinib-resistant cells were profiled for mutations in
the PI3K pathway in a study by Rexer et al. [46]. The
impact of PIK3CA mutations on the effect of HER2 and
PI3K inhibitors combined was studied in HER2-amplified
xenograft models with wild-type or mutant PIK3CA.
Results suggest that the addition of a PI3K inhibitor further
improved tumor regression and decreased tumor relapse
after discontinuation of treatment. PIK3CA inhibition with
buparlisib in combination with lapatinib and trastuzumab
was required to achieve tumor regression in a PIK3CA-
mutant HER2-positive xenograft. Hanker et al. observed
that HER2-driven tumors in mice clustered with luminal
breast cancers, whereas PIK3CA tumors were associated
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with claudin-low breast cancers [47]. The authors detected
that HER2-positive/PIK3CA tumors were resistant to
trastuzumab in monotherapy or in combination with lapa-
tinib or pertuzumab. Drug resistance and enhanced mam-
mosphere formation were reversed by treatment with a
PI3K inhibitor.

Clinical studies

At this time, several clinical studies are evaluating the role
of buparlisib in patients with breast cancer. One common
issue in these trials is that there was no prior selection of
patients according to PI3KCA status. However, these
studies have a stratification of patients and are powered to
answer whether PI3K activation is a predictor of response.
The stratification ensures adequate power to assess the
activity of buparlisib in patients presenting PI3K activated
in comparison with all the patients in the context of the
large phase III ongoing studies. So far, no data are con-
clusive on the activity of buparlisib in this specific patient
population. Another important issue is that the PI3K sig-
naling pathway seems relevant in all breast carcinoma

Table 1 Phase I trials with buparlisib in selected advanced solid tumors

subtypes, including also triple-negative breast carcinoma,
i.e., PI3K signaling pathway seems relevant independently
of molecular alterations in patients with breast cancer.

Dose-escalation studies of buparlisib

Table 1 shows the phase I trials conducted with buparlisib
in different advanced solid tumors. In three of these trials
[48-50], patients with solid tumors, mainly colon and
breast cancer, received daily oral buparlisib from 12.5 to
150 mg. The maximum-tolerated-dose (MTD) of buparli-
sib was 100 mg/day, and dose-limiting toxicities observed
were hyperglycemia, rash, epigastralgia, and mood alter-
ation. In general, buparlisib was well tolerated. Most fre-
quent treatment-related adverse events included rash,
hyperglycemia, diarrhea, anorexia, and mood alteration.
Skin rash was successfully managed with antihistamines
and topical corticosteroids. Hyperglycemia was managed
with metformin and insulin, but at 150 mg, discontinuation
of buparlisib was required to control hyperglycemia. Mood
alterations were reversed with a dose hold and subsequent
dose reduction, as well as with the administration of

Trial N Type advanced Drugs and doses MTD Grade 34 DLT
solid tumors (mg/day)
Bendell et al. [48] 35 Colorectal (43 %) Buparlisib at 12.5, 25, 50, 80, 100 100 Hyperglycemia
Breast (26 %) and 150 mg/day Epigastralgia
Lung (5 %) Rash
Others (26 %) Mood alteration
Baselga et al. [49] 30 Colorectal (43 %) Buparlisib at 12.5, 25, 50, 80, 100 100 Hyperglycemia
Breast (27 %) and 150 mg/day Upper abdominal pain
Others (30 %) Rash
Mood alteration
Grana et al. [50] 77 Colorectal (31 %) Buparlisib at 12.5, 25, 50, 80, 100 100 Hyperglycemia
Breast (23 %) and 150 mg/day Upper abdominal pain
Lung (4 %) Rash
Endometrial (4 %) Mood alteration
Others (38 %)
Dirix et al. [54] 33 Not specified Buparlisib at 40, 60, 80, 100 and 100 Asthenia
120 mg/day Hyperglycemia
Paclitaxel at 70-80 mg/m> Depression
Bedard et al. [55] 49 With RAS/RAF Buparlisib at 30, 60, 70 and Not reached Stomatitis
mutations 80 mg/day Dysphagia
GSK1120212 at 0.5, 1.0, 1.5 and LVEF decrease
2.0 mg/day Creatine kinase increase
Nausea
Anorexia

Decreased oral intake

DLT dose-limiting toxicities, LVEF left ventricular ejection fraction, MTD maximum-tolerated dose
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selective serotonin reuptake inhibitors and anxiolytics.
Regarding efficacy, between 52 and 58 % of patients
achieved stable disease and 3 % of patients showed partial
response.

However, these trials could not elucidate whether
tumors bearing a PI3K mutation had a higher probability of
response to buparlisib, although some of the patients
treated for more than 8 months with buparlisib did have
tumors with PI3K pathway abnormalities. Otherwise, pre-
clinical data suggest that KRAS mutation may predict
resistance to PI3K inhibitors [51]. This is particularly
evident in colon cancer, although it could not be demon-
strated in breast carcinoma. However, in one of these phase
I trials, a breast cancer patient treated with buparlisib
showed a partial response in spite of harboring a KRAS
mutation [48].

In conclusion, these studies demonstrated the clinical
safety and tolerability of buparlisib at the selected dose of
100 mg, as well as a favorable pharmacokinetic profile,
which was consistent with its pharmacodynamic effects.
Further clinical studies are needed to evaluate the predic-
tive value of PI3K alterations.

A substudy of a previous phase I trial focused on
metastatic breast cancer. MTD for buparlisib was
100 mg/day [48, 52], and drug-related adverse events were
similar to those previously observed, which were man-
ageable with treatment interruption and dose reduction.
Regarding efficacy, 11 % of patients exhibited a partial
response and 50 % had stable disease.

Subsequently, another phase 1 study evaluated the
inhibitory effect of buparlisib in patients with solid tumors
in the context of glucose metabolism regulation and tumor
biology by surveying the phosphorylation of proteins
downstream of the PI3K pathway [53]. Buparlisib appears
to have the ability to induce an increase in C-peptide and
inhibition of the immediate effector of PI3K, phosphory-
lated AKT, as well as to downregulate the phosphorylated
proteins downstream of PI3K pathway, such as S6 and 4E-
BP1 at MTD.

Finally, two dose-escalation phase I trials tested bupar-
lisib in combination with other drugs. The first one com-
bined buparlisib with paclitaxel in patients with solid
tumors [54]. The MTD achieved was 100 mg/day for
buparlisib and 80 mg/m* for paclitaxel. Dose-limiting
toxicities were asthenia, hyperglycemia, and depression. In
the second trial, buparlisib was combined with the oral
MEK1/2 inhibitor GSK1120212 in patients with mainly
RAS/RAF mutations [55]. Grade 3 dose-limiting toxicities
were stomatitis, dysphagia, LVEF decrease, creatine kinase
increase, nausea, anorexia, and decreased oral intake. The
MTD was 70 mg/day of buparlisib. The authors concluded
that the combination can be safely administered to these
patients and shows a promising clinical activity.
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Buparlisib in HER2-positive disease

HER2 overexpression, which is found in 20-30 % of
human breast cancers, has been linked to the activation of
the PI3K pathway in patients with this disease. Tras-
tuzumab is a monoclonal antibody that blocks HER2.
Trastuzumab resistance has been associated with
loss/downregulation of PTEN, which has been reported in
5-10 % of human breast cancers and also causes activation
of the PI3K pathway, suggesting that PI3K-targeting ther-
apies could overcome this resistance [56]. Also, in a study
by Barbareschi et al. [57], the authors analyzed PI3KCA
hot-spot mutations and PTEN immnunohistochemical
expression in 129 HER2-positive infiltrating breast cancers
treated with trastuzumab.

Out of the total 129 patients with HER2-positive infil-
trating breast cancers which had been treated with trastu-
zumab, PI3KCA hot-spot mutations were detected in 19 %
of them. No correlations were observed between mutations
and pathological and biological parameters in these
patients. In addition, in patients treated with neoadjuvant
therapy and in metastatic breast cancer, no relationship was
detected between response to trastuzumab-based therapy
and this mutation. PTEN loss was found in 28 % of cases,
13 % of which presented also mutation for PI3KCA. PI3K
pathway activation, defined as PI3KCA mutation and/or
PTEN loss, was not related with response to treatment or
clinical outcome in patients with metastatic breast cancer.

A trial by Saura et al. analyzed the safety and efficacy of
buparlisib in combination with trastuzumab in patients with
HER2-positive advanced breast carcinoma who have pro-
gressed on a trastuzumab-containing regimen. The ratio-
nale for this trial was the synergistic activity observed for
both drugs in preclinical models. The primary objective of
this phase I/II study was to determine the MTD of bupar-
lisib in combination with weekly trastuzumab. Patients had
received a median of 4 (1-10) antineoplastic regimens.
Results from the phase Ib of this trial were recently
reported [58]. In 18 patients evaluated, the MTD of
buparlisib in combination with trastuzumab was set up at
100 mg/day. No grade 4 toxicity was reported, and grade 3
adverse events were asthenia, altered mood, rash, GGT
increase, hypokalemia, and hypersensitivity in one patient.
The preliminary pharmacokinetics data indicated that sys-
temic drug exposure (Cp.x and AUC) of buparlisib in
combination with trastuzumab was similar to what is seen
when used as single agent.

Also, preliminary results of the phase II of this trial have
been recently presented at the European society for medical
oncology (ESMO) [59]. A total of 53 patients previously
treated with anti-HER2 regimens received 100 mg/day of
buparlisib and the standard dose of weekly trastuzumab.
Patients had been administered <4 prior anti-HER2
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regimens, including trastuzumab (required), lapatinib, and/
or trastuzumab and maytansine (T-DM1). Most patients
discontinued the treatment due to disease progression
(55 %), although 16 % of patients withdrew due to adverse
events. Most common suspected study drug-related grade
3/4 adverse events were increased transaminases, rash,
asthenia, nausea, anxiety, skin photosensitivity, and
hyperglycemia. The disease control rate was 49 %. These
results showed that buparlisib in combination with trastu-
zumab has an acceptable safety profile and an encouraging
preliminary activity in heavily pretreated patients with
HER2-positive metastatic breast cancer that are resistant to
trastuzumab.

Buparlisib in hormone receptor-positive disease

Mutations in the PIK3CA gene present in 28-47 % of
estrogen receptor-positive breast cancers have been asso-
ciated with antiestrogen resistance [31]. However, antie-
strogen-resistant cancers still retain estrogen receptors and
estrogen sensitivity. This suggests that the administration
of single agent PI3K-targeted therapy to patients with
estrogen receptor-positive and PI3K mutant breast cancer
may be insufficient to inhibit tumor growth [31].

A phase Ib trial has been recently conducted adding
buparlisib 100 mg/daily or intermittently (5 days on/2 days
off) to letrozol in postmenopausal patients with metastatic
breast cancer [60]. Fifty-one patients were enrolled, of
whom 49 had progressed on a previous aromatase inhibitor.
The best responses were seen in the arm with daily
buparlisib, where over 50 % of patients had >25 % tumor
reduction evaluated by 2-(fluorine-18)fluoro-2-deoxy-p-
glucose positron emission tomography (FDG-PET). Dose-
limiting toxicities were transaminitis and depression. These
results indicate that the combination of buparlisib with
letrozole is safe and useful in patients with aromatase
inhibitor-refractory estrogen receptor-positive metastatic
breast cancer.

Ongoing research

Several trials are currently evaluating buparlisib alone or in
combination for the treatment of patients with breast cancer.

A pharmacodynamic study of buparlisib is ongoing in
patients with hormone receptor-positive, HER2-negative,
and PI3KCA mutation breast cancer (NCT01513356). This
is a phase O clinical trial, the main purpose of which is to
determine the grade of inhibition of PI3K/AKT/mTOR
signaling pathways in a surgical specimen after 4 weeks of
treatment with buparlisib. Preliminary results were pre-
sented at SABCS 2013. To date, 47 patients have been
included in the study and 17 out of 47 patients (36 %) had

mutations in PI3KCA. Results from pRPS6 showed a
marked inactivation in 8 out of 11 patients (72 %) that have
completed 4 weeks of buparlisib treatment [61].There are
several ongoing placebo-controlled, randomized phase III
trials. In the first 2, the objective is to evaluate buparlisib
plus fulvestrant in patients with hormone receptor-positive
HER2-negative advanced or metastatic breast cancer that is
refractory to aromatase inhibitor (BELLE-2 study,
NCTO01610284), or who progressed on or after treatment
with mTOR inhibitor (BELLE-3 study, NCT01633060).
Lastly, BELLE-4 study (NCTO01572727) is a randomized
seamless phase II/III trial evaluating the addition of
buparlisib to paclitaxel in patients with HER2-negative,
locally advanced or metastatic breast cancer.

With regard to triple-negative breast cancer, a phase II
clinical trial is now recruiting patients to evaluate the
efficacy of buparlisib in patients with metastatic triple-
negative breast cancer who have developed disease pro-
gression after standard chemotherapy in the adjuvant or the
metastatic setting (NCT01629615). Another phase I trial is
determining the highest possible dose of buparlisib that
may be given safely, and also whether the combination of
buparlisib with olaparib may be an effective therapy to
treat patients with triple-negative breast cancer or with
high-grade serous ovarian cancer (NCT01623349).

Finally, a phase IB/II study is evaluating the safety and
efficacy profile of buparlisib in combination with lapatinib
in HER2-positive, PI3K-activated, trastuzumab-resistant,
locally advanced, recurrent, or metastatic breast cancer
(NCTO01589861). Other phase I trials in HER2-positive
metastatic breast cancer are being designed to establish the
safety, tolerability, and MTD of buparlisib in combination
with capecitabine and/or trastuzumab or lapatinib in
patients with metastatic breast cancer (NCT01300962).

Conclusions

Buparlisib is an oral pan-PI3K inhibitor that has allowed a
full clinical development. It is a topic under discussion
whether this drug possesses antiproliferative and antiangio-
genic activity related to the inhibition of the PI3K pathway
and its downstream effectors, as well as its capacity to cause
cell death due to the inhibition of microtubule dynamics. Due
to all its properties, alone or in combination with other drugs
such as fulvestrant, buparlisib may be an effective approach
especially for patients with HER2-negative, hormone
receptor-positive breast cancer.
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