
Abstract. Background/Aim: The phosphatidylinositol-3-
kinase (PI3K) signaling pathway is frequently activated in
cancer. Buparlisib (BKM120), an oral pan-PI3K inhibitor,
inhibits proliferation of human cancer in preclinical models.
Studies of buparlisib in Western and Japanese adults with
advanced solid tumors established a recommended dose of 
100 mg/day and showed an acceptable safety profile and
evidence of efficacy. This phase I dose-escalation/expansion
study aimed to establish the maximum tolerated dose (MTD)
of single-agent, once daily oral buparlisib in Chinese patients
with advanced solid tumors. Materials and Methods: Patients
(n=32; primary tumor site: lung (n=15), breast (n=10) or head
and neck (n=7); ≥2 prior lines of antineoplastic therapy
(n=26)) received 80 mg (n=15) or 100 mg (n=17) daily
buparlisib. Results: Five patients experienced dose-limiting
toxicities: grade (G)3 depression (n=1), G2 hyperglycemia
(n=3) and G3 hyperglycemia (n=1). Most frequent buparlisib-
related adverse events were hyperglycemia (n=18; 56%),
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) increase (n=9; 28%), as well as
anxiety (n=6; 19%); most common buparlisib-related G3/4
adverse events: hyperglycemia (n=3; 9%), ALT and AST
increase (n=2; 6%), as well as gamma-glutamyltransferase

increase (n=2; 6%). Best response was stable disease (SD) in
10 patients (31%). Conclusion: The MTD of buparlisib was
declared as 100 mg/day. Safety, efficacy and pharmacokinetic
data from this study were similar to those previously reported
in Western and Japanese populations.

The phosphatidylinositol-3-kinase (PI3K) signaling pathway
regulates a diverse range of cellular processes, including
proliferation, survival, protein synthesis, glucose
metabolism, migration and angiogenesis (1). The PI3K
pathway is the most frequently activated signaling pathway
in human cancer. Increases in pathway activity can occur via
several mechanisms, including mutation or amplification of
upstream regulators, including growth factor receptors,
activating mutations in the PIK3CA gene that encodes the
PI3K p110α isoform and loss of the negative regulator of
PI3K signaling and tumor suppressor phosphatase and tensin
homolog (PTEN) (1-4). Activation of the PI3K pathway
plays an important role in tumor formation and growth and
can cause resistance to anticancer agents, including
chemotherapy, endocrine therapy and other targeted therapies
(5, 6). The critical signaling role played by PI3K in cancer
cells makes this enzyme a valid therapeutic target. 

Buparlisib (BKM120) is an oral, pan-PI3K inhibitor that
targets all four class I isoforms of PI3K and can inhibit both
wild-type and mutant versions of the protein at nanomolar
concentrations (7). Buparlisib decreases PI3K signaling,
promotes apoptosis and prevents cell proliferation in a variety
of human cancer cell lines with and without constitutive PI3K
activation and causes tumor growth inhibition and regression
in xenograft tumor models (7). The first-in-human phase I
study of buparlisib in Western adult patients with advanced
solid tumors identified the maximum tolerated dose (MTD)
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as 100 mg/day during dose escalation (8), that was confirmed
in the subsequent dose-expansion part of the study (9). A
similar phase I study of buparlisib in adult Japanese patients
with advanced solid tumors also established a recommended
dose of 100 mg/day (10). Buparlisib showed an acceptable
safety profile as a single agent in both studies with common
treatment-related adverse events (AEs), including
hyperglycemia, diarrhea, rash, decreased appetite, mood
alteration and abnormal hepatic function (8-10). Single-agent
buparlisib showed preliminary evidence of efficacy in both
patient populations in metastatic breast cancer and other types
of solid tumors (8-10). This phase I study was undertaken to
establish a recommended dose for future development of
buparlisib in the Chinese population. 

Materials and Methods

Study design and treatment. This was a phase I, open-label, dose-
escalation and -expansion study (ClinicalTrials.gov Identifier:
NCT01626209) of single-agent buparlisib administered orally once
daily in Chinese patients with advanced solid tumors. The primary
objective was to establish the MTD/recommended phase II dose
(RP2D) of single-agent buparlisib in adult Chinese patients with
advanced solid tumors. Secondary objectives were to investigate
the safety, tolerability, pharmacokinetic (PK) profile and clinical
efficacy of buparlisib as a single agent in this patient population.
During the dose-escalation period, at least three evaluable patients
were to be enrolled at each dose level, to be expanded to -at least-
six evaluable patients at the level in which the MTD/RP2D was
reached. Two dose levels were to be tested: 80 mg/day and 
100 mg/day, each in 28-day treatment cycles. An adaptive Bayesian
logistic regression model for dose escalation with overdose control
(EWOC) was used to guide the dose-escalation part of the study to
estimate the MTD/RP2D (11, 12). The MTD was defined as the
highest drug dosage not causing a medically unacceptable dose-
limiting toxicity (DLT) in more than 33% of the treated patients in
the first cycle of treatment and was estimated based on clinical and
PK considerations. Patients were treated until disease progression,
unacceptable toxicity, investigator’s decision or until they refused
further study treatment. Informed consent was obtained from each
patient prior to enrollment and the study protocol and all
amendments were reviewed by the Independent Ethics Committee
or Institutional Review Board at each study site. The study was
conducted according to the International Conference on
Harmonization Harmonized Tripartite Guidelines for Good Clinical
Practice, with applicable local regulations (including European
Directive 2001/20/EC and US Code of Federal Regulations Title 21)
and with the ethical principles laid down in the Declaration of
Helsinki.

Patients’ eligibility. Adult Chinese patients with advanced
unresectable breast cancer or advanced carcinoma with squamous
cell histology (including non-small cell lung cancer, squamous cell
carcinoma of the head and neck and esophageal cancer) whose
disease had progressed on (or who had been unable to tolerate)
standard therapy or for whom no standard therapy existed were
eligible for this study. Other key inclusion criteria were
measurable and/or non-measurable disease as per Response

Evaluation Criteria in Solid Tumors (RECIST) v1.1 guidelines;
availability of a representative archival or fresh tumor biopsy;
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) ≤2; and adequate bone marrow and organ function. Patients
were excluded if they had received previous treatment with a PI3K
inhibitor; symptomatic central nervous system (CNS) metastases;
concurrent treatment with another approved or investigational
antineoplastic therapy; increasing or chronic treatment with
immunosuppressive agents, such as corticosteroids; active cardiac
disease or a history of cardiac dysfunction; Fridericia’s corrected
QT >480 ms on screening electrocardiogram; impairment of
gastrointestinal (GI) function or GI disease that may significantly
alter the absorption of buparlisib; unresolved diarrhea of Common
Terminology Criteria for Adverse Events (CTCAE) grade 2 or
greater; patient health questionnaire-9 (PHQ-9) score ≥12 or a
positive response to PHQ-9 question 9 relating to suicidal
ideation; generalized anxiety disorder 7 (GAD-7) mood scale score
≥15; a documented or current major depressive episode or other
specified psychiatric disorders.

Definition of dose-limiting toxicity (DLT). A DLT was defined as an
AE or abnormal laboratory value that fulfilled all of the following
criteria: unrelated to disease, disease progression or concomitant
medications; occurrence within 28 days following the first dose of
buparlisib; meeting any of the criteria in Table I.

Study assessments. Safety assessments consisted of monitoring by
physical examination vital signs, weight, ECOG PS,
electrocardiogram, laboratory evaluations and assessment of patient-
rated mood scales (PHQ-9 and GAD-7), in addition to the recording
of all serious and non-serious AEs using CTCAE version 4.03.
Laboratory evaluations included hematology, blood chemistry,
urinalysis and glucose monitoring. For PK assessments, blood
samples for buparlisib plasma concentration–time profiles were
collected for all study patients on Days 1, 8 and 28 of Cycle 1 pre-
dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8 and 24 hours post-dose, as well
as on Day 1 of Cycle 3 and every other cycle thereafter, pre-dose
and 2-4 h post-dose. Buparlisib in plasma was analyzed by liquid
chromatography-tandem mass spectrometry (limit of quantification
1.0 ng/ml). PK parameters were determined using non-
compartmental methods (WinNonlin® Pro version 5.2 or Phoenix®
WinNonlin® version 6.0 (Pharsight, Mountain View, CA, USA)).
For biomarker assessments, archival or fresh tumor samples were
investigated for aberrations of the PI3K pathway by analysis of
PIK3CA mutations using gene sequencing and PTEN protein
expression level using immunohistochemistry. For efficacy
assessments, radiologic assessment of tumor lesions using computed
tomography (CT) or magnetic resonance imaging (MRI) was
performed at baseline and every 8 weeks thereafter. Tumor response
was assessed using RECIST v1.1. 

Results

Patients’ characteristics and treatment. Between July 2012
and April 2014, 32 Chinese patients with advanced solid
tumors were enrolled and treated with buparlisib at three
centers in China: 15 patients received 80 mg buparlisib and
17 patients received 100 mg buparlisib once daily (Table II).
The median age of patients was 52 (range=24-75) years,
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56% (18 of 32) were female and 91% (29 of 32) had an
ECOG PS of 0-1. The predominance of tumor type was non-
small cell lung cancer (n=15), breast (n=10) or squamous
cell cancer of head and neck (n=7). This patient population
was heavily pre-treated, with 81% (n=26) and 38% (n=12)
having received at least two or four prior lines of
antineoplastic therapy, respectively, including at least one

line of therapy in the metastatic setting in 84% (n=27) of
patients. Seven patients in the study were reported to have
PI3K pathway activation: two due to PIK3CA mutation, four
due to loss of PTEN expression and one due to both a
PIK3CA mutation and loss of PTEN expression. Nineteen
patients (59%) had progressed within 12 months following
the initial diagnosis. 
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Table I. Criteria for defining dose-limiting toxicities.

Toxicity                                                               Any of the following criteria
Toxicity leading to skipped/delayed dose         An AE (except for alopecia) of any grade, considered to be related to the study drug, leading  
                                                                            to a dose interruption of more than 7 consecutive days, despite supportive treatment, will be 
                                                                            considered to be a DLT
Re-occurred toxicity                                           If the 2nd occurrence of an initially non-dose limiting toxicity (e.g. grade 1 neutropenia that 
                                                                            resolved within 7 days at 1st occurrence) leads to a dose reduction within 28 days of the first 
                                                                            28 days of the first dose of buparlisib, this will be considered a DLT
Hematological                                                     CTCAE grade 4 neutropenia
                                                                            CTCAE grade 4 thrombocytopenia
                                                                            Febrile neutropenia (ANC <1.0×109/l, with a single temperature ≥38.3˚C 
                                                                            or a sustained temperature of ≥38˚C for more than 1 hour) CTCAE grade ≥3
Renal                                                                   CTCAE grade ≥3 serum creatinine
Hepatic                                                                Total bilirubin ≥2.0 × ULN to ≤3.0 x ULN for >7 consecutive days.
                                                                            AST or ALT CTCAE grade ≥3 in conjunction with blood bilirubin CTCAE grade ≥2 of any duration
                                                                            CTCAE grade ≥3 total bilirubin
                                                                            CTCAE grade 3 AST or ALT for >7 consecutive days
                                                                            CTCAE grade 4 AST or ALT
Endocrine (hyperglycemia is not                      Grade 2 hyperglycemia (>8.89-13.89 mmol/l or 160-250 mg/dl FPG; confirmed with a repeat 
graded per CTCAE v4.03)                                 FPG within 24 hours) that does not resolve to normal within 14 consecutive days (after initiation 
                                                                            of adequate antidiabetic treatment)
                                                                            Grade ≥3 hyperglycemia (>13.89 mmol/l or 250 mg/dl FPG; 
                                                                            confirmed with a repeat FPG within 24 hours)
Metabolic/Laboratory                                         CTCAE grade 3 asymptomatic amylase and/or lipase for >7 consecutive days
                                                                            CTCAE grade 3 GGT elevation
                                                                            CTCAE grade 4 asymptomatic amylase and/or lipase
                                                                            CTCAE grade 4 GGT elevation
Pancreatitis                                                          CTCAE grade ≥2
Cardiac                                                                Cardiac toxicity ≥CTCAE grade 3 or cardiac event that is symptomatic or 
                                                                            requires medical intervention
                                                                            Clinical signs of cardiac disease, such as unstable angina or myocardial infarction, 
                                                                            or troponin ≥CTCAE grade 3
Neurotoxicity (other than mood alterations)     At least one CTCAE grade level increase
Mood alteration                                                  CTCAE grade 2 mood alteration that does not resolve to ≤grade 1 within 14 days 
                                                                            despite medical treatment (for anxiety only, if worsened from baseline)
                                                                            CTCAE grade ≥3 mood alteration
Dermatologic                                                      CTCAE grade ≥2 photosensitivity
                                                                            CTCAE grade 3 rash for >7 consecutive days despite skin toxicity treatment
                                                                            CTCAE grade 4 rash
Other adverse events                                          CTCAE grade ≥3 adverse events (excluding CTCAE grade ≥3 lymphopenia or 
                                                                            CTCAE grade ≥3 elevations in alkaline phosphatase)
                                                                            CTCAE grade ≥3 vomiting/nausea ≥48 hours, despite the use of antiemetic therapy
                                                                            CTCAE grade ≥3 diarrhea ≥48 hours, despite the use of antidiarrheal therapy
                                                                            CTCAE grade 3 fatigue (asthenia) for >7 consecutive days
                                                                            CTCAE grade 4 fatigue (asthenia)

ALT, Alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for
Adverse Events; DLT, dose-limiting toxicity; FPG, fasting plasma glucose; GGT, gamma-glutamyltransferase; ULN, upper limit of the normal range.
aCTCAE grade ≥3 anemia is not considered a DLT unless judged to be a hemolytic process secondary to the study drug. CTCAE grade ≥3
lymphopenia is not considered a DLT unless clinically significant.



DLTs and MTD. Twelve patients were included in the dose-
determining set (DDS) used to establish the MTD: four in
the 80-mg buparlisib group and eight in the 100-mg
buparlisib group. Five patients experienced DLTs during the
study. Two DLTs occurred in the dose-escalation part of the
study and were grade 3 depression (n=1, 80-mg group) and
grade 2 hyperglycemia (n=1, 100-mg group). Based on the
results from patients in the DDS, the MTD of buparlisib was
declared as 100 mg/day. Additional patients were enrolled
into the dose-expansion part of the study in parallel dose
groups (80 mg and 100 mg) for evaluation of the safety and
tolerability of buparlisib. Three DLTs occurred in the dose-
expansion part of the study; all were hyperglycemia in the
80-mg group (n=2 grade 2 hyperglycemia; n=1 grade 3
hyperglycemia). The MTD of buparlisib was confirmed at
100 mg/day with an overall frequency of DLTs at this dose
level of 3%.

Safety and tolerability. All patients experienced at least one
AE regardless of relationship to the study drug. These
included hyperglycemia in 19 patients (59%), increased
alanine aminotransferase (ALT) in 14 patients (44%),
increased aspartate aminotransferase (AST) in 13 patients
(41%; 12 patients had an increase in both ALT and AST
(38%)) and decreased appetite in 10 patients (31%). Study
drug-related AEs were seen in 28 patients (88%), including
hyperglycemia in 18 patients (56%), ALT and AST increase
in the same nine patients (28% each), as well as anxiety in
six patients (19%; Table III).

Eight patients (25%) experienced grade 3/4 AEs that were
suspected to be related to buparlisib; these included
hyperglycemia in three patients (9%), ALT and AST increase
in the same two patients (6% each) and gamma-
glutamyltransferase increase in two patients (3%). The
frequency of treatment-related grade 3/4 AEs was similar at
the two dose levels tested: 27% of patients treated at 80 mg
and 24% treated at 100 mg experienced grade 3/4 AEs. Four
patients in each dose group experienced at least one serious
AE (SAE) regardless of relationship to the study drug. Two
patients (12%) in the 100-mg group experienced SAEs
suspected to be study drug-related, including one patient
with a grade 3 suicide attempt and one patient with grade 2
pneumonitis. 

Irrespective of causality, AEs led to buparlisib
discontinuation in seven patients (22%). These included
three patients in the 80-mg group (one case each of grade 3
pneumonia, grade 4 dyspnea and grade 4 hemoptysis) and
four patients in the 100-mg group (one case each of grade 2
pulmonary tuberculosis, grade 2 hyperglycemia, grade 2
pneumonitis and grade 3 suicide attempt). In addition, 11
patients (34%) experienced AEs requiring dose interruption
or dose adjustments: five patients (33%) in the 80-mg group
and six patients (35%) in the 100-mg group; of which
hyperglycemia in four patients was the most frequent (three
patients in the 80-mg group and one patient in the 100-mg
group). Other reasons for dose interruption or change were
pyrexia, depression, anemia, AST or ALT increase, decreased
platelets, thrombocytopenia, hiccups, decreased appetite and
dyspnea (n=1 each). Eight deaths (25%; four in each dose
group) occurred during the study; none were suspected to be
study drug-related. Seven patients died due to disease
progression and one patient died due to pneumonia. The
median duration of exposure to buparlisib was 48 days in the
80-mg group and 57 days in the 100-mg group. The median
relative dose intensity for all patients was 100%.

Pharmacokinetics. After both single and repeated doses, the
absorption of buparlisib was rapid in both treatment groups
with a median Tmax of 1-1.7 h (Table IV). Following a single
dose of 80 mg buparlisib, the mean Cmax was 838 ng/ml,
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Table II. Baseline patients’ and disease characteristics.

                                                        Buparlisib       Buparlisib       Total
                                                           80 mg             100 mg         N=32
                                                            N=15               N=17

Age (years)                                                                                           
    Median                                               54                     51                52
    Range                                              31-75               24-72           24-75
Gender, n (%)                                                                                       
    Female                                            8 (53)              10 (59)        18 (56)
    Male                                                7 (47)               7 (41)         14 (44)
Baseline ECOG 
performance status, n (%)                                                                   
    0                                                          0                    1 (6)            1 (3)
    1                                                     13 (87)             15 (88)        28 (88)
    2                                                      2 (13)                1 (6)            3 (9)
Primary site of cancer, n (%)                                                              
    Breast                                              3 (20)               7 (41)         10 (31)
    Head and neck                               3 (20)               4 (24)          7 (22)
    Lung                                               9 (60)               6 (35)         15 (47)
Number of prior lines of 
antineoplastic therapy, n (%)                                                               
    1                                                      2 (13)               4 (24)          6 (19)
    2                                                      4 (27)               3 (18)          7 (22)
    3                                                      4 (27)               3 (18)          7 (22)
    ≥4                                                    5 (33)               7 (41)         12 (38)
PIK3CA mutation, n (%)                                                                     
    Yes                                                   1 (7)                2 (12)           3 (9)
    No                                                   9 (60)              12 (71)        21 (66)
    Unknown                                         1 (7)                2 (12)           3 (9)
    Missinga                                         4 (27)                1 (6)           5 (16)
PTEN negative, n (%)                                                                         
    Yes                                                  2 (13)               3 (18)          5 (16)
    No                                                   9 (60)              13 (77)        22 (69)
    Unknown                                            0                       0                  0
    Missinga                                         4 (27)                1 (6)           5 (16)

ECOG, Eastern Cooperative Oncology Group. aDamaged samples not
suitable for analysis.



which is approximately 80% of the mean Cmax observed
after a single 100-mg dose, suggesting a proportional
increase of Cmax with dose (Table IV). After repeated daily
doses of buparlisib, mean Cmax was similar at Day 8 and
Day 28 for each of the two dose levels with higher values
for the 100-mg dose (Table IV). Similarly, the area under the
curve (AUC)0-24 values were similar at Day 8 and 28 for
each of the two doses, again with higher values in the 100-
mg dose (Table IV). These results are consistent with a Cmax
increase proportional to dose and with steady-state for
buparlisib being reached after seven days of continuous
dosing. The accumulation ratio, calculated based on the
AUC0-24 ratio after repeated and single doses, was
approximately 2.8 for both doses. Buparlisib displayed linear
pharmacokinetics with a similar clearance at the 80-mg and
100-mg doses. The effective buparlisib half-life was also
similar across doses, being between 36 and 39 h. The mean

buparlisib plasma concentration profiles on Cycle 1 Days 1,
8 and 28 for each dose group are shown in Figure 1. 

Efficacy. The reported antitumor activity of single-agent
buparlisib was marginal. No patient achieved a complete
response (CR) or partial response (PR) to buparlisib during
the study (Table V). However, 10 patients (31%) exhibited
stable disease (SD) as their best response (two patients
(13%) in the 80-mg group and eight patients (47%) in the
100-mg group) and one patient (6%) with non-measurable
disease (in the 100-mg group) had non-CR/non-PD. Nine
patients (28%) were non-evaluable for best overall response
due to the absence of a valid post-baseline assessment.
Overall, the disease control rate (SD + non-CR/non-PD) was
34%: 13% in the 80-mg group and 53% in the 100-mg
group. The best percentage changes from baseline by PI3K
pathway activation status and dose level are presented in
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Table III. Most common adverse events (>10%) thought to be related to study treatment.

Preferred term, n (%)                                           Buparlisib 80 mg                                  Buparlisib 100 mg                                         Total
                                                                                        N=15                                                      N=17                                                   N=32

                                                                    All grades               Grade 3/4             All grades               Grade 3/4               All grades               Grade 3/4

Total                                                               14 (93)                    4 (27)                   14 (82)                     4 (24)                    28 (88)                    8 (25)
Hyperglycemia                                              10 (67)                    2 (13)                    8 (47)                       1 (6)                      18 (56)                     3 (9)
ALT increased                                                3 (20)                      1 (7)                     6 (35)                       1 (6)                       9 (28)                      2 (6)
AST increased                                                3 (20)                      1 (7)                     6 (35)                       1 (6)                       9 (28)                      2 (6)
Anxiety                                                           5 (33)                         0                         1 (6)                        1 (6)                       6 (19)                      1 (3)
Depression                                                      4 (27)                      1 (7)                         0                              0                          4 (13)                      1 (3)
Blood bilirubin increased                               3 (20)                         0                         1 (6)                           0                          4 (13)                         0
Fatigue                                                            3 (20)                         0                         1 (6)                           0                          4 (13)                         0
Decreased appetite                                         2 (13)                         0                        2 (12)                          0                          4 (13)                         0
Hypocalcemia                                                 2 (13)                         0                        2 (12)                          0                          4 (13)                         0
Insulin c-peptide increased                            2 (13)                         0                        2 (12)                          0                          4 (13)                         0
Rash                                                                 1 (7)                          0                        3 (18)                          0                          4 (13)                         0

ALT, Alanine aminotransferase; AST, aspartate aminotransferase.

Table IV. Pharmacokinetic profile of oral buparlisib in Chinese patients in Cycle 1.

Dose (mg/day)           Day            n             Tmax (h)         Cmax (ng/ml)           AUC0-24 (ng•h/ml)           T1/2 (h)                   Racc                CL/F (l/h)

80                                 1              15                1.02               838 (422)                  7,000 (2,230)                     –                           –                          –
                                     8              14                1.00              1,470 (476)                18,000 (6,260)            36.7 (13.5)             2.8 (0.8)            4.99 (1.81)
                                    28              9                 1.00              1,330 (443)                18,000 (4,260)             39.3 (8.6)              2.9 (0.5)            4.71 (1.21)
100                               1              17                1.00               994 (344)                  8,770 (2,260)                     –                           –                          –
                                     8              16                1.73              1,980 (493)                22,500 (5,680)            36.0 (10.8)             2.7 (0.6)            4.72 (1.23)
                                    28             13                1.50              1,880 (520)                22,400 (6,340)            38.3 (13.3)             2.8 (0.8)            4.82 (1.43)

AUC0-24, Area under the curve from 0 to 24 h; CL/F, oral clearance; Cmax, maximum plasma concentration; Racc, accumulation rate; T1/2, half-
life; Tmax, time at which maximum plasma concentration is achieved. Values are presented as mean (standard deviation) except for Tmax, which is
presented as median.
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Figure 1. Linear plasma concentration profiles for buparlisib in Chinese patients in Cycle 1. SD, Standard deviation.



Figure 2. The median time to disease progression was 1.84
months (95% confidence interval (CI)=0.92-3.38) for the
80-mg group and 2.96 months (95% CI=1.71-3.61) for the
100-mg group. 

Discussion

The primary objective of this phase I study of single-agent
buparlisib in adult Chinese patients with advanced solid
tumors was to establish the MTD and/or RP2D for this
agent. Starting at 80 mg/day (a dose selected based on data
for single-agent buparlisib in phase I studies in Western and
Japanese patient populations) (8, 10), dose escalation
established an MTD/RP2D for buparlisib in Chinese patients
as 100 mg/day. This is the same dose as that established for
single-agent buparlisib in Western and Japanese patients (8,
10). The posterior distribution of DLT rates indicated that
100 mg/day satisfied the EWOC criteria for the
recommended dose and, together with safety and PK data,
was used to determine the MTD. 

The PK profiles observed in the Chinese patients treated
with 100 mg/day buparlisib in this study are similar to those
observed in Western and Japanese patients (8, 10). Buparlisib
has been found to be rapidly absorbed after single and
repeated doses, with a Tmax of 1-3 h, in all three studies. The
effective half-life of buparlisib was approximately 40 h in
Western and Japanese patients compared with 36-39 h in
Chinese patients; steady-state for buparlisib is reached after
seven days of continuous dosing in all patient populations
studied to date (8, 10). After 28 days of buparlisib treatment,
mean Cmax and AUC0-24 were similar across Western (Cmax

1850 ng/ml; AUC0-24 22,500 ng•h/ml), Japanese (Cmax 1790
ng/ml; AUC0-24 25,000 ng•h/ml) and Chinese patients (Cmax
1880 ng/ml; AUC0-24 22,400 ng•h/ml) (8, 10). 

Safety results from this study were also similar to those
recorded in Western and Japanese populations (8-10). Three
main categories of AEs suspected to be related to buparlisib
were: hyperglycemia, liver function abnormalities and mood
disorders. Hyperglycemia is considered an on-target, class
effect of PI3K inhibitors due to disrupted insulin signaling and
reduced glucose uptake and glycogen synthesis as a result of
PI3K inhibition (4, 13, 14). Other PI3K pathway inhibitors for
which hyperglycemia has been reported include PKI-587 (PF-
05212384) and BEZ235 (15, 16). In this study, hyperglycemia
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Figure 2. Radiologic response to buparlisib with corresponding status of tumor PI3K activation status. CR, Complete response; NCP, non-CR/non-
PD; PD, progressive disease; PI3K, phosphatidylinositol-3-kinase; PR, partial response, SD, stable disease. Patients with missing best percentage
change from baseline and unknown overall response are not included. Unknown indicates patients not qualifying for confirmed CR or PR and without
SD after more than 6 weeks or early progression within the first 12 weeks. Missing line denotes a missing best percentage change from baseline.

Table V. Clinical responses to buparlisib in Chinese patients with
advanced solid tumors.

Best overall response,                   Buparlisib       Buparlisib        Total
n (%)                                                   80 mg             100 mg         N=32
                                                            N=15               N=17                

CR or PR                                                0                       0                  0
SD                                                       2 (13)               8 (47)         10 (31)
Non-CR/non-PDa                                   0                    1 (6)            1 (3)
Disease control rateb                          2 (13)               9 (53)         11 (34)
PD                                                       7 (47)               5 (29)         12 (38)
Unknown                                            6 (40)               3 (18)          9 (28)

CR, Complete response; PD, progressive disease; PR, partial response;
SD, stable disease. aIn patients with non-measurable disease.
bCR+PR+SD+non-CR/non-PD.



was the most frequently reported AE suspected to be related
to treatment, reported in 18 patients (56%; grade 3/4 in three
patients, 9%; Table III) and was the most frequent reason for
dose interruption. This was slightly higher than the frequency
of hyperglycemia suspected to be related to treatment reported
in the first-in-human phase I study of buparlisib in Western
patients, which was 31% overall (9). Only one case of grade
3/4 hyperglycemia (7%; irrespective of relationship to study
drug) was reported in the phase I study of buparlisib in
Japanese patients but the number of patients in that study was
small (n=15) (10). Hyperglycemia was largely manageable
with oral antidiabetic agents, such as metformin, and/or with
insulin and dose interruptions, combined with careful
monitoring of blood glucose levels, as recommended
following previous experience (8, 14). 

Liver function abnormalities suspected to be related to
buparlisib treatment were also frequent in this study:
increased ALT and AST were seen in the same 9 patients
(28%; grade 3/4 in the same two patients, 6%). Increases in
transaminase levels have been observed in previous studies
of buparlisib (40% grade 3/4 transaminase increases were
reported in Japanese patients and grade 3/4 transaminase
increases were also reported in Western patients) and other
PI3K pathway inhibitors at varying frequencies (8, 10, 15,
17-22). Further studies may allow characterization of hepatic
enzyme perturbation with buparlisib, which may be an on-
target effect of inhibiting PI3K or some other biochemical
effect of the compound on hepatocytes. An exploratory
analysis into a possible relationship between PK parameters
for buparlisib and any increase in risk for liver function test
alteration is ongoing (Novartis, unpublished data). 

Mood alterations, in the form of anxiety and depression,
were recorded in this study. Mood disorders following
buparlisib treatment have been observed in other early
clinical studies of the agent (8-10) and other buparlisib
studies have restricted the enrolment of patients deemed to
be at increased risk of psychiatric AEs. Studies of buparlisib
have also used the PHQ-9 (depression) and GAD-7 (anxiety)
questionnaires to monitor patients and allow timely
intervention. Under-activation of the PI3K/AKT/mammalian
target of rapamycin (mTOR) pathway has been linked to
anxiety and depression (23-25). Notably, decreases in the
activity of PI3K and AKT and increases in PTEN protein
levels were observed in the ventral prefrontal cortex of
depressed suicide victims and depressed non-suicide subjects
(26). Buparlisib has been shown to cross the blood–brain
barrier and has demonstrated preliminary clinical activity in
brain lesions of patients with breast cancer and non-small
cell lung cancer, suggesting buparlisib-mediated inhibition
of PI3K in the CNS (27). Mood disorders are also commonly
associated with cancer diagnoses, with studies estimating
that 30%-50% of cancer patients experience psychological
symptoms, including adjustment disorders, anxiety or

depression (28, 29). In this study, the incidence of depression
and anxiety was 13% and 19%, respectively (Table III). 

Preliminary signs of clinical efficacy were observed in this
study, with 10 patients (31%) exhibiting stable disease. The
disease control rate reported here (34%) is similar to rates seen
with buparlisib in other patient populations: 41% and 40% in
the Western and Japanese patient populations, respectively (9,
10). Although it is possible that buparlisib may show greater
efficacy in patients with activated PI3K signaling, this study
contained too few patients to determine any correlation between
mutation status and response, as has been possible with other
targeted therapies, such as the epidermal growth factor receptor
(EGFR) inhibitor gefitinib, found to be relatively more effective
in patients with EGFR-mutated lung cancer than EGFR-wild-
type disease (30), with clear implications for patient selection.
Results from previous trials of buparlisib and other PI3K
inhibitors have also been inconclusive regarding a correlation
between PI3K activation status and clinical response (8, 9, 19,
31-35). Notably, PI3K activation status in this and other
clinical studies of PI3K pathway inhibitors has been assessed
using PIK3CA mutation and/or loss of PTEN expression in
predominantly archival tissue (8, 9, 19, 31, 32); however, it is
known that PI3K activation can occur independently of these
molecular alterations (1, 3) and that the mutational status of
PI3K can change upon disease recurrence (36). Therefore,
further research is needed to determine if PI3K activation status
is a predictor of buparlisib response and whether selecting for
patients with PI3K activation could improve outcomes with
buparlisib. Moreover, additional efforts are required to identify
patients with PIK3CA-mutant tumors just prior to the start of
study treatment with PI3K inhibitors to provide a more
accurate assessment of the potential benefit of these agents
according to the current molecular status of the tumor. The
development of combination strategies targeting multiple
pathways is also a potential future approach to achieving more
meaningful therapeutic effects given that the single-agent
activity seen so far with PI3K inhibitors has been limited (37).
In this regard, multiple clinical trials are underway, including
phase III studies of buparlisib in combination with fulvestrant
in patients with advanced or metastatic hormone receptor-
positive breast cancer.

Conclusion

This phase I dose-escalation and -expansion study has
established the MTD of buparlisib in adult Chinese patients
with advanced solid tumors as 100 mg/day. Single-agent
buparlisib, administered orally, once daily, had an acceptable
safety profile and was generally well tolerated in this patient
population. The PK profiles and the preliminary signs of
clinical efficacy observed in this study of Chinese patients
are similar to results from previous studies of buparlisib in
Western and Japanese patient populations (8, 10).
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