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A B S T R A C T

Purpose
Buparlisib, an oral reversible inhibitor of all class I phosphoinositide-3-kinases, has shown
antitumoral activity against estrogen receptor (ER)-positive breast cancer cell lines and xenografts,
alone and with endocrine therapy. This phase Ib study evaluated buparlisib plus letrozole’s safety,
tolerability, and preliminary activity in patients with metastatic ER-positive breast cancer refractory
to endocrine therapy.

Patients and Methods
Patients received letrozole and buparlisib in two different administration schedules. Outcomes
were assessed by standard solid-tumor phase I methods. [18F]fluorodeoxyglucose–positron
emission tomography/computed tomography ([18F]FDG-PET/CT) scans were done at baseline and
2 weeks after treatment initiation. Tumor blocks were collected for phosphoinositide-3-kinase
pathway mutation analysis.

Results
Fifty-one patients were allocated sequentially to continuous or intermittent (five on/two off days)
buparlisib administration on an every-4-week schedule. Buparlisib’s maximum-tolerated dose
(MTD) was 100 mg/d. Common drug-related adverse events included � grade 2 hyperglycemia,
nausea, fatigue, transaminitis, and mood disorders. The clinical benefit rate (lack of progression �
6 months) among all patients treated at the MTD was 31%, including two objective responses in
the continuous dose arm. Of seven patients remaining on treatment � 12 months, three had
tumors with PIK3CA hot-spot mutation. Patients exhibiting metabolic disease progression by
[18F]FDG-PET/CT scan at 2 weeks progressed rapidly on therapy.

Conclusion
The letrozole and buparlisib combination was safe, with reversible toxicities regardless of schedule
administration. Clinical activity was observed independent of PIK3CA mutation status. No
metabolic response by [18F]FDG-PET/CT scan at 2 weeks was associated with rapid disease
progression. Phase III trials of buparlisib and endocrine therapy in patients with ER-positive breast
cancer are ongoing.

J Clin Oncol 32:1202-1209. © 2014 by American Society of Clinical Oncology

INTRODUCTION

The phosphoinositide-3-kinase (PI3K) pathway is
the most frequently altered pathway in cancer, with
mutation and/or amplification of the genes encod-
ing the PI3K catalytic subunits p110� (PIK3CA;
most common one), p110� (PIK3CB), and the PI3K
regulatory subunit p85� (PIK3R1). PIK3CA muta-
tions induce a transformed phenotype including
growth factor- and anchorage-independent growth,
resistance to anoikis, and drug resistance.1-4 Ap-

proximately 40% of estrogen receptor (ER) –posi-
tive breast cancers harbor PIK3CA mutations.5-7

We and others have shown preclinically that
activation of the PI3K signaling pathway promotes
resistance to endocrine therapy.8 PI3K signaling has
been shown to promote estrogen-independent
growth of ER-positive breast cancer cells9,10; how-
ever, this growth is inhibited by the addition of
PI3K-inhibitors to antiestrogens.11 Additionally, in-
hibition of PI3K prevents the emergence of
hormone-independent cells, which suggests that
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early intervention with antiestrogens and PI3K-inhibitors could limit
escape from endocrine therapy.

Drugs targeting multiple levels of the PI3K network have been
developed.12,13 Buparlisib (BKM120; Novartis Pharma AG, Basel,
Switzerland)14 is an oral pyrimidine-derived reversible pan-PI3K
inhibitor, with specific and potent activity against mutant PI3K�,
as well as wild-type PI3K�, �, �, and � class I isoforms, but no
inhibitory activity against the class III PI3K or mammalian target of
rapamycin (mTOR). A phase I study of single agent buparlisib
demonstrated that at the maximum-tolerated dose (MTD) of 100
mg/d, buparlisib is safe and well tolerated, exhibiting a favorable
pharmacokinetic profile, with clear evidence of target inhibition
and preliminary antitumor activity.15

The primary objective of our phase Ib trial was to determine the
safety and tolerability of oral letrozole, an aromatase inhibitor, in
combination with buparlisib in patients with ER-positive metastatic
breast cancer refractory to endocrine therapies. Secondary objectives
included antitumor activity and pharmacodynamic assessment of tu-
mor metabolic response by [18F]fluorodeoxyglucose–positron emis-
sion tomography/computed tomography ([18F]FDG-PET/CT) scan.
Clinical outcome was correlated with presence of PIK3CA mutations
in tumor specimens.

PATIENTS AND METHODS

Patient Population

Postmenopausal patients had histologically confirmed ER-positive/
human epidermal growth factor receptor 2-negative metastatic breast can-
cer refractory to at least one line of endocrine therapy in the metastatic
setting, or diagnosed with metastatic breast cancer during or within 1 year
of adjuvant endocrine therapy; evaluable disease as defined by Response
Evaluation Criteria in Solid Tumors (RECIST); age � 18 years; life expec-
tancy � 6 months; Eastern Cooperative Oncology Group performance
status � 1; adequate bone marrow, hepatic, and renal function; and fasting
plasma glucose levels � 140 mg/dL (7.8 mmol/L). A tumor specimen
(primary or metastatic) from archival material or fresh biopsy was re-
quired. Key exclusion criteria were CYP3A4 modifier drug treatment � 2
weeks before starting buparlisib, clinically manifest diabetes mellitus, clin-
ically documented depression or anxiety on the Patient Health Question-
naire–9 (PHQ-9) and Generalized Anxiety Disorder Screener–7 (GAD-7)
mood scales, and previous treatment with PI3K-inhibitors.

Primary endocrine therapy resistance was defined as relapses during or
within 6 months of stopping adjuvant endocrine treatment, or progression
within 6 months of starting endocrine treatment in the metastatic setting.
Secondary resistance was defined as relapses � 6 months after stopping adju-
vant endocrine therapy or responses for � 6 months to endocrine therapy in
the metastatic setting.

Approval was obtained from the ethics committees (institutional review
board no. 101057, Vanderbilt University) at the participating institutions and
regulatory authorities. All patients gave informed consent. The study followed
the Declaration of Helsinki and Good Clinical Practice guidelines.

Study Design

This phase Ib, multicenter, open-label study enrolled subjects in a stan-
dard 3 � 3 dose de-escalation design. All patients received letrozole 2.5 mg/d,
and buparlisib was initiated at 100 mg/d (MTD of the single agent phase I
trial15), on a 28-day cycle. In case of adverse events requiring dose adjustments,
buparlisib doses were reduced to 80 mg/d and subsequently to 60 mg/d.
Intrapatient dose reductions were allowed after the initial 4 weeks of treatment.
Patients were treated until disease progression, unacceptable toxicity, or con-
sent withdrawal.

Dose-limiting toxicities (DLTs) were defined as Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version 4.0 grade � 3 toxicities.

Exceptions were grade � 2 pancreatitis, � 1 grade level increase in neuro-
toxicity, grade � 2 phototoxicity or skin rash necessitating treatment
interruption for � 21 consecutive days, non-CTCAE grade 2 hyperglyce-
mia not resolved to grade 0 within 14 consecutive days of initiation of oral
antidiabetes medications, non-CTCAE grade � 3 hyperglycemia, grade 2
mood alterations not resolved to grade 1 within 14 days despite medical
treatment (grade 2 anxiety was considered a DLT only if worsened from
baseline), and grade � 3 mood alterations. CTCAE grade � 3 anemia was
not considered a DLT unless judged to be a hemolytic process secondary to
study drug. CTCAE grade � 3 lymphopenia was not considered a DLT
unless clinically significant.

The MTD was defined as the highest dose of buparlisib in combina-
tion with letrozole not causing DLT in � 33% of patients in the first
treatment cycle. Twenty or more evaluable patients had to be treated before
declaration of an MTD, with � six evaluable patients treated at the MTD
for one cycle. Criteria for evaluation were � 21 days on buparlisib treat-
ment in cycle 1 or early discontinuation because of a DLT. The recom-
mended phase II dose (in each arm) was defined as the highest dose at or
below the MTD at which � 75% of the patients could tolerate therapy for
a minimum of 8 weeks without development of CTCAE � 2 hyperglycemia
for more than 14 consecutive days despite initiation of oral antidiabetes
medications; and CTCAE � 3 rash, CTCAE � 2 nausea, vomiting or
diarrhea, and CTCAE � 2 rash, all for more than 14 consecutive days of
initiation of optimal medical treatment.

Buparlisib was administered once daily in a continuous schedule. Once
20 patients were accrued, the protocol was amended to add a second expansion
arm, in which buparlisib was administered in an intermittent schedule (5 days
of 7). Cross-over between arms was not allowed. Patients accrued to the
second arm of the study were treated in three different institutions.

Safety and Radiographic Assessments

Clinical and laboratory assessments were conducted at baseline and
weekly during cycle 1, on days 1 and 15 of cycle 2, and on day 1 of subsequent
cycles. Safety assessments included serial ECGs, fasting plasma glucose, and
neuropsychiatric assessments (self-rating mood questionnaires GAD-7 [anx-
iety] and PHQ-9 [depression]). Adverse events were graded by using the
CTCAE version 4.0. Radiographic responses were assessed every 2 months by
using RECIST version 1.1.

[18F]FDG-PET/CT Scan Assessments

Whole-body [18F]FDG-PET/CT scans were performed at Vanderbilt
University with a 60-minute FDG-uptake period at three time points: baseline,
on day 15 of treatment, and after 2 months of treatment, on patients in the
continuous treatment arm. PET/CT scanner qualification, central quality as-
surance, and image analysis were performed by the imaging core laboratory at
the Dana-Farber Cancer Institute.

Metabolic response was assessed on the basis of the post-treatment
change relative to baseline in the sum of the maximum standardized uptake
value of up to five lesions for each patient (partial response [PR] � 25%
reduction, stable disease [SD] � 25% reduction or increase, progressive dis-
ease � 25% increase16; Appendix, online only). The agreement between the
cycle 1 and cycle 2 metabolic response assessments was evaluated by using
Kendall’s W test.

Mutation Analysis

DNA was extracted by using DNEasy (Qiagen, CA) or QiaAMP DNA
(Qiagen) tissue kits from formalin-fixed paraffin-embedded archival tu-
mor sections or fresh biopsies of metastases, respectively. Tumor cellular-
ity was assessed by an expert breast pathologist (M.G.K. or M.E.S.), and
specimens with � 20% tumor nuclei were included and considered evalu-
able. In paucicellular samples that did not exceed 20%, multiple sections
were macro-dissected to achieve 20% tumor cellularity. DNA was sub-
jected to Snapshot17 analysis (Appendix, online only) of 18 mutations in
PIK3CA, PTEN, and AKT1, including the common hot-spot mutations in
exons 9 and 20 of PIK3CA (Table 1).
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RESULTS

Study Population

Fifty-one patients were enrolled from August 2010 to January
2012 (Table 2). Overall, 90% of the patients had bone metastasis and
approximately 50% had visceral and/or serosal metastasis. Ninety
percent of patients in both groups were previously exposed to at least
one line of endocrine therapy for metastatic disease, and 50% and 69%
of patients previously received an aromatase inhibitor in the meta-
static setting on the continuous and intermittent arms, respectively.
Intermittent arm patients had greater exposure to previous chemo-
therapy regimens in the metastatic setting compared with continuous
arm patients (42% v 15%, respectively), and had a shorter median
interval between original diagnosis of breast cancer and development
of metastatic disease (median of 29 v 76 months, respectively). How-
ever, more patients in the intermittent arm had secondary endocrine
therapy resistance (74% v 55% of patients, respectively).

Evaluable tumor samples were obtained in all 51 patients; the
majority of these were paraffin-embedded blocks from the original
diagnosis (41 from the primary tumor and 10 from a metastatic
biopsy). PI3K-pathway mutations were found in five of 20 patients
(25%) in the continuous arm, and 11 of 31 patients(35%) in the
intermittent arm (Table 2).

Dose De-escalation and MTD

Buparlisib dose was started at 100 mg/d in both treatment arms.
DLTs occurred in three of 51 patients: two patients on the continuous
arm (transient grade 3 transaminitis that resolved within 3 weeks of
buparlisib interruption; drug not reinitiated) and one patient in the
intermittent arm (reversible grade 3 depression that resolved within 2
weeks of buparlisib interruption; drug reinitiated at 80 mg). No dose
de-escalations were necessary in either treatment arms. The buparlisib

MTD in both treatment arms was 100 mg/d. Intrapatient dose reduc-
tions occurred in six patients in the continuous arm (four in cycle 2,
two beyond cycle 2); and in five patients in the intermittent arm (all in
cycle 2). Less than 25% of patients on either arm required buparlisib
interruption or dose reduction during the first 8 weeks of treatment.

Safety Findings

Overall, the combination of buparlisib and letrozole was well
tolerated (Table 3). Most common adverse effects were GI disorders
(80%), transaminitis and hyperglycemia (60% each), and mood dis-
orders (45%). Grade 3 adverse events, regardless of causality, were
observed in 14 patients (27%). No grade 4 adverse events were ob-
served. Cumulative grade 3 adverse events between both treatment
arms differed slightly (Table 3).

Mood alterations (including anxiety, depression, emotional
lability, hallucinations, irritability, and affective disorder) resolved
within 2 weeks of buparlisib interruption in severe cases, or
controlled with administration of selective serotonin reuptake
inhibitors in mild to moderate cases. Of all patients requiring

Table 1. Snapshot Analysis of 18 Mutations in PIK3CA, PTEN, and AKT1

Position AA Mutant Nucleotide Mutant

PIK3CA
H1047 p.H1047R c.3140A�G

p.H1047L c.3140A�T
E542 p.E542K c.1624G�A
E545 p.E545K c.1633G�A

p.E545Q c.1633G�C
p.E545A c.1634A�C
p.E545G c.1634A�G
p.E545V c.1634A�T

Q546 p.Q546K c.1636C�A
p.Q546E c.1636C�G
p.Q546P c.1637A�C
p.Q546R c.1637A�G
p.Q546L c.1637A�T

D549 p.D549N c.1645G�A
PTEN

R233 p.R233� c.697C�T
R159S p.R159S c.477G�T
K267fs�9 p.K267fs�9 c.800delA

AKT
E17K p.E17K c.49G�A

Table 2. Patient Baseline Characteristics and Tumor PIK3CA Status

Characteristic

Continuous
B � L

(N � 20)

Intermittent
B � L

(N � 31)

No. % No. %

Age
Median 55 56
Range 34-77 38-77

Time since original diagnosis, months
Median 76 29
Range 0-123 0-265

Metastatic lesions
Bone 19 95 27 87
Visceral

Liver 5 25 16 51
Lung 3 15 6 19
Pleura/peritoneum 2 10 6 19

Other
Lymph nodes 1 5 10 32
Skin 0 — 2 6

Prior therapies
Number of previous therapies

Median 4 4
Range 1-11 1-13

Endocrine therapy in the metastatic
setting 18 90 28 90

Previous aromatase inhibitor therapy
Any time 18 90 25 80
In the metastatic setting 10 50 21 69

Primary endocrine therapy resistance 9 45 8 26
Secondary endocrine therapy

resistance 11 55 23 74
Chemotherapy in the metastatic setting 3 15 13 42

PIK3CA/AKT mutation status in the tumor
PIK3CA_pE545K 2 1 4 13
PIK3CA_pE542K 1 0.5 2 6
PIK3CA_pH1047R 1 0.5 5 16
AKT1_pE17K 1 0.5 — —
Total 5 20 11 35

Abbreviation: B � L, buparlisib � letrozole.
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interruption of buparlisib for mood alterations, only one eventu-
ally discontinued buparlisib permanently.

Radiographic Assessments

Forty-six of 51 patients (90%) were evaluable for best response
(first postbaseline target lesion radiologic assessment) by investigator
review (Fig 1). Two of 20 patients (10%) in the continuous arm
achieved a complete and a PR, respectively. Each patient had only one
previous line of endocrine therapy (tamoxifen and fulvestrant in the
metastatic setting, respectively). Both of these patients had wild-type
PIK3CA/ER-positive breast cancer. Eleven patients (55%) in the con-
tinuous arm had SD; of those, six patients (30%) had SD � 6 months.
None of the patients in the intermittent arm had a response, but 14
(45%) of them had SD; of those, 10 (32%) had SD � 6 months.
Clinical benefit rate (lack of disease progression � 6 months) was
similar for both treatment arms (30%). Of seven patients with SD �
12 months (two in the continuous arm; five in the intermittent arm),
three had a PIK3CA hot-spot mutation in their tumor, and all had
previous exposure to an aromatase inhibitor in the metastatic setting.

Of 16 patients with SD � 6 months (six in the continuous arm; 10 in
the intermittent arm), only four were considered to have primary
endocrine therapy resistance (Fig 1).

[18F]FDG-PET/CT Scan Metabolic Assessments

Seventeen of 20 patients (85%) on the continuous arm were
evaluable for [18F]FDG-PET/CT assessments (Fig 2). A � 25% de-
crease in tumor [18F]FDG uptake 15 days after treatment initiation
was observed in nine patients by central review (metabolic PR), two of
whom demonstrated tumor shrinkage on radiographic assessment by
RECIST criteria after 2 months on treatment (Figs 2A and 2B). The
day 15 and month 2 metabolic response assessments revealed a strong
concordance by Schmidt criteria (Kendall’s W � 0.85). Three of the
nine patients who had a metabolic PR had a PIK3CA mutation in their
tumor. Interestingly, patients who had a metabolic PR in their day 15
and month 2 [18F]FDG-PET/CT scan were also more likely to stay on
treatment for a longer duration of time on the basis of lack of radio-
graphic progression (Fig 2C). Conversely, the patient demonstrating
metabolic progressive disease at day 15 progressed radiographically at
month 2.

DISCUSSION

The results from this study provide evidence that buparlisib plus
letrozole is safe, tolerable, and active in postmenopausal patients with
ER-positive/human epidermal growth factor receptor 2–negative
metastatic breast cancer refractory to endocrine therapy. The MTD
and recommended dose for phase II trials of buparlisib in combina-
tion with letrozole was defined as 100 mg/d. At this dose, both admin-
istration schedules (continuous or intermittent) were considered
tolerable, because � 75% of patients in each group tolerated therapy
for � 8 weeks without development of grade � 2 GI disturbances,
hyperglycemia, rash, or mood alterations.

Most common adverse effects (hyperglycemia, nausea, diarrhea,
fatigue, and mood disorders) in the continuous dosing of buparlisib
with letrozole were of similar frequency to those in the phase I study of
buparlisib single agent.15 They were also consistent with what has been
seen with other PI3K pathway inhibitors.18-20 However, the rates of
transaminitis in the intermittent schedule dosing were lower, proba-
bly because of reduced buparlisib accumulation. All cases of transami-
nitis resolved within 2 weeks with buparlisib interruption and, when
appropriate, with dose reduction.

The intermittent schedule had lower rates of all common adverse
effects, including hyperglycemia. This was to be expected because
hyperglycemia is a class effect, and more commonly seen on more
sustained inhibition of p110�.15 Importantly, none of the patients
required administration of insulin to manage their hyperglycemia; all
of them were managed with metformin. We postulate that by manag-
ing buparlisib-induced hyperglycemia without resorting to insulin, we
could circumvent the stimulation of insulin receptors (and thus PI3K)
in breast cancers.21

Buparlisib can cross the blood-brain barrier (data on file, No-
vartis, New York, NY), potentially inhibiting PI3K in the CNS22,23; this
effect could result in anxiety, depression, and irritability. The inci-
dence of mood alterations in patients exposed to the combination of
letrozole and daily buparlisib was similar to what has been reported in
the phase I single agent buparlisib trial (40% to 50%). Mood

Table 3. Total Adverse Events by Treatment Arm

Toxicity Category/Toxicity
(CTCAE version 4)

Continuous B � L
(N � 20)

Intermittent B � L
(N � 31)

Total
Grade

3 Total
Grade

3

No. % No. % No. % No. %

GI disorders
Nausea 13 65.0 8 25.8
Diarrhea 10 50.0 11 35.5
Mucositis (oral) 3 15.0 2 6.5
Vomiting 3 15.0 4 12.9
Constipation 4 20.0 7 22.6

General disorders
Fatigue 14 70.0 1 5 13 41.9

Investigations
Transaminase elevation 15 75.0 3 15 14 45.2 3 9
Alkaline phosphatase increased 12 60.0 6 19.4

Metabolism and nutrition disorders
Hyperglycemia 14 70.0 2 10 15 48.4
Anorexia 4 20.0 9 29.0

Skin and subcutaneous tissue
disorders

Rash maculopapular 8 40.0 1 5 9 29.0 1 3
Pruritus 7 35.0 5 16.1
Rash acneiform 7 35.0 1 3.2
Dry skin 4 20.0 1 3.2

Psychiatric (mood) disorders
Anxiety 9 45.0 1 5 13 41.9
Depression 11 55.0 1 5 10 32.3 1 3
Irritability 4 20.0

Nervous system disorders
Dizziness 4 20.0 6 19.4
Ataxia 3 15.0
Concentration impairment 2 10.0

Blood and lymphatic system
disorders

Anemia 11 55.0 6 19.4

Abbreviations: B � L, buparlisib � letrozole; CTCAE, Common Terminology
Criteria for Adverse Events.
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alterations were overall mild to moderate, and responsive to dose-
reductions/interruptions (suggesting dose-dependency), as well as
treatment with selective serotonin reuptake inhibitors and anxiolytics.

Over 50% of patients undergoing [18F]FDG-PET/CT scan exhib-
ited a reduction in FDG tumor uptake at 2 and 8 weeks post-treatment
initiation. Although this likely reflects pharmacodynamic effects of the
PI3K inhibitor,13,15 there was a correlation between the magnitude of
the decrease in FDG-uptake relative to baseline and the duration of
treatment, suggesting the decrease in tumor metabolism may predict
response to therapy. This speculation is also supported by the obser-
vation in one patient where increase in FDG uptake preceded rapid
disease progression.

The combination of letrozole and buparlisib revealed clinical
activity regardless of administration schedule of the PI3K inhibitor.
Approximately 30% of patients remained on treatment � 6 months,
and 7 of 51 patients remained on treatment � 12 months. Interest-
ingly, the clinical benefit rate seen in this study is not inconsistent with
the clinical benefit rate in patients with ER-positive metastatic breast
cancer treated with exemestane and the mTORC1 inhibitor everoli-
mus in the BOLERO-2 phase III study.24 Additionally, the benefit of
buparlisib addition to letrozole was mostly seen in patients with sec-
ondary endocrine therapy resistance, similar to the pattern seen in
patients with ER-positive metastatic breast cancer treated with tamox-
ifen and everolimus in the phase II TAMRAD study.25 This clinical
activity is consistent with reports revealing that hyperactivation of the

PI3K/AKT pathway confers adaptation to estrogen deprivation in
experimental models of hormone-dependent breast cancer. In these
studies, PI3K pathway inhibitors trump this adaptation of ER-positive
cells to estrogen deprivation and/or synergize with antiestrogens in
inducing an antitumor effect.9-11,26 It remains to be determined if
p110�-specific inhibitors would have greater activity against PIK3CA-
mutant tumors. To start to address this question, several phase Ib
clinical trials of p110�-specific inhibitors in combination with endo-
crine therapy in patients with/without PIK3CA mutations are close
to completion.

The majority (90%) of PIK3CA mutation analysis were per-
formed in paraffin-embedded blocks from primary tumors. Several
studies have addressed discordance rates in PIK3CA mutation be-
tween primary tumor and recurrence/metastasis, but these varied
substantially from study to study.27,28 A recent, larger analysis per-
formed exclusively in ER-positive breast cancer examined PIK3CA
mutations in 88 paired-matched samples at both diagnosis and recur-
rence.29 Frequent changes in PIK3CA mutation status were seen in
patients who developed a new primary breast cancer. However, few
patients (� 10%) changed their PIK3CA mutation status in a local or
a metastatic recurrence, or postprogression on endocrine treatment,
suggesting that PIK3CA mutation status at diagnosis can be used to
determine eligibility or stratification within a clinical trial with a PI3K
pathway inhibitor.
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Buparlisib and letrozole clinical activity did not correlate with
PIK3CA hot-spot mutations. Approximately 50% of the patients who
had no disease progression � 12 months had a PIK3CA-mutated
cancer. The fact that wild-type PIK3CA breast cancers also appeared to

benefit from buparlisib plus letrozole suggests that these cancers har-
bor other alterations in the PI3K pathway, resulting in PI3K depen-
dence. Recently published deep sequencing data30 suggest the
coexistence of mutations and/or amplifications in several known
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Fig 2. [18F]fluorodeoxyglucose–posi-
tron emission tomography/computed to-
mography ([18F]FDG-PET/CT) metabolic
response assessments in patients ex-
posed to continuous buparlisib (BKM120)
plus letrozole, with corresponding re-
sponse by RECIST and tumor PIK3CA
status. (A) Seventeen patients in the con-
tinuous buparlisib plus letrozole arm were
evaluable for [18F]FDG-PET/CT assess-
ments. More than 25% decrease in tumor
[18F]FDG uptake 15 days after treatment
initiation corresponded to a metabolic par-
tial response (PR; blue shading), which
was seen in nine patients. More than 25%
increase in tumor [18F]FDG uptake 15
days after treatment initiation corre-
sponded to a metabolic progression of
disease (PD; gray shading), which was
seen in one patient. All remaining seven
patients had metabolic stable disease (SD;
gold shading). Two of the patients who
exhibited a metabolic partial response 15
days after treatment initiation, one of
them exemplified in (B), also had radio-
graphic responses by CT (yellow and pink
shading), at their 2-month tumor assess-
ment. All patients with a PIK3CA mutation
(orange shading) had metabolic partial re-
sponses. (C) Patients who had � 25%
reduction in tumor [18F]FDG uptake (met-
abolic partial response) on day 15 of treat-
ment relative to pretreatment baseline
(blue dots), as well as 8 weeks after
treatment initiation (gold triangles), had a
longer time on treatment than patients
with � 25% decrease in tumor [18F]FDG
uptake (metabolic SD or metabolic PD),
both on day 15 and 8 weeks after treat-
ment initiation. SUVmax, maximum stan-
dardized uptake value.
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driver genes, in addition to PIK3CA mutations. One trial patient was
found to have an AKT1 activating mutation. However, she did not
have a metabolic response by [18F]FDG-PET/CT scan and developed
disease progression after 3 months of therapy. This example supports
the notion that an activating mutation in AKT1 would cause it to
signal independent of phosphatidylinositol (3,4,5) - triphosphate. As
such, tumors with this alteration should not be sensitive to a PI3K in-
hibitor.

To our knowledge, this is the first phase Ib trial of an antiestrogen
with a PI3K inhibitor in breast cancer. The results of this study dem-
onstrate the combination of the pan-class I PI3K inhibitor buparlisib
with letrozole as safe, tolerable, and active in patients with endocrine
therapy-resistant ER-positive advanced breast cancer, particularly
those with secondary endocrine therapy resistance. Phase II and III
trials of endocrine therapy with/without buparlisib are ongoing.
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GLOSSARY TERMS

CYP3A4: gene encoding cytochrome P450, subfamily IIIA
(niphedipine oxidase), polypeptide 4. Notably present in the
liver, the mixed-function oxidase is the most important enzyme
involved in the metabolism of xenobiotics and oxidizes a wide
range of substrates, including taxanes.

AKT: a transforming serine-threonine kinase involved in
cell survival.

estrogen receptor (ER): ligand-activated nuclear proteins,
belonging to the class of nuclear receptors, present in many
breast cancer cells that are important in the progression of
hormone-dependent cancers. After binding, the receptor-ligand
complex activates gene transcription. There are two types of es-
trogen receptors (ER� and ER�). ER� is one of the most impor-
tant proteins controlling breast cancer function. ER� is present
in much lower levels in breast cancer, and its function is uncer-
tain. Estrogen receptor status guides therapeutic decisions in
breast cancer.

mammalian target of rapamycin (mTOR): member
of a protein complex (along with raptor and G�L) that is used by
cells to sense nutrients in the environment. mTOR is a serine/
threonine kinase that is activated by AKT and regulates protein
synthesis on the basis of nutrient availability. It was discovered
when rapamycin, a drug used in transplantation, was shown to
block cell growth presumably by blocking the action of mTOR.

mTORC1: complex composed of mammalian target of rapamycin
(mTOR), regulatory associated protein of mTOR (raptor), and mLST8/
GL. This complex has the classic features of mTOR by functioning as a
sensor for nutrients and energy and controlling protein synthesis. The
complex is downstream from AKT and phosphorylates S6K1 upon
activation.

pharmacokinetics: a branch of pharmacology that studies the rela-
tionship between drug exposure level, time course of exposure, and the
overall response of an organism. Although pharmacokinetics is largely
applied to drugs, it is also applicable to other compounds such as nutri-
ents, toxins, hormones, etc. Pharmacokinetics is subdivided into ab-
sorption and disposition (distribution, metabolism, and excretion) and
is generally referred to as ADME (absorption, distribution, metabolism,
excretion). With respect to drugs administered, all processes occur in
tandem once a drug dose is administered. In clinical trials, phase I stud-
ies will typically study pharmacokinetics and safety of the drug.

PI3K/AKT pathway: signal transduction pathways involving the
signaling molecules phosphatidylinositol-3 kinase (PI3K) and AKT,
where PI3K generates phosphorylated inositides at the cell membrane,
which are required for the recruitment and activation of AKT, a trans-
forming serine-threonine kinase involved in cell survival.

PIK3CA: the catalytic subunit of phosphatidylinositol 3-kinase in-
volved in the generation of PIP3 which, in turn, leads to the activation
of AKT and other oncogenic kinases. Mutations in the PIK3CA gene
have been found in several cancers, including ovarian, breast, colon, and
lung carcinomas.
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Appendix

Patients and Methods

Mutation analysis. Snapshot analysis is based on multiplex polymerase chain reaction, primer extension with fluorescently tagged
dideoxy-nucleotides and capillary electrophoresis; it is a fast, high-throughput, multiplex profiling method on the basis of the Applied
Biosystems Snapshot platform.17 Mutations can be detected when mutant DNA comprises as low as 5% of the total tumor DNA.

[18F]FDG-PET/CT Scan Assessments

To assess the functional tumor burden, we first defined measurable functional lesions on [18F]fluorodeoxyglucose-positron emission
tomography/computed tomography ([18F]FDG-PET/CT) scan as the most metabolically active lesions; ie, those with the highest FDG
uptake as defined by the highest standardized uptake value (SUV). We measured up to five of these lesions per patient, and assessed the
functional tumor burden by summing these lesions (as it would be done with Response Evaluation Criteria in Solid Tumors [RECIST]
version 1.1,31 where the sum of diameters of the target lesions defines the anatomic tumor burden). The potential advantage of the sum
of maximum SUV (SUVmax) over the SUVmax of a single lesion or the maximum over several lesions is that the sum of SUVmax is more
stable than the maximum SUVmax. This sum incorporates more comprehensively the various metabolically active sites of disease burden,
therefore better reflecting the overall anatomic tumor burden.32
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