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Abstract
The phosphatidylinositol 3-kinase (PI3K) pathway is a promising therapeutic target for various cancers. BGT226 is a pan-
PI3K and mammalian target of rapamycin (mTOR) inhibitor. The tolerability and pharmacokinetics/pharmacodynamics of 
BGT226 were investigated in a phase I study in Japanese patients with advanced solid cancers. BGT226 was orally adminis-
tered on days 1, 3, and 5 of each week. The initial dose of 10 mg was subsequently escalated to 20, 40, 80, and 100 mg in a 
cohort of three patients. Pharmacokinetics and pharmacodynamics were investigated using plasma, normal skin, and tumor 
samples. A total of 18 patients were enrolled and evaluated. The most frequently reported toxicities were diarrhea, nausea, 
decreased appetite, vomiting, and fatigue. They were all grade 1 or 2, and no dose-limiting toxicity was observed. However, 
all six patients treated at 100 mg experienced diarrhea and nausea, while two experienced a dose reduction and/or interrup-
tions during the study. Two of five patients who exhibited stable disease continued the study treatment for ≥ 16 weeks. The 
absorption of BGT226 was rapid, and systemic exposure increased in a dose-dependent manner. Treatment with BGT226 
did not change any of the biomarkers in neither normal skin nor tumor tissues. BGT226 was tolerated up to 100 mg three 
times a week in Japanese patients with solid cancers, without difference in toxicity profiles and pharmacokinetics compared 
to Western patients.
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Introduction

The phosphatidylinositol 3-kinase (PI3K) pathway is one 
of the most characterized signaling pathways and plays an 
important role in regulating physiologic functions such as 
cellular proliferation, differentiation, metabolism, and sur-
vival [1, 2]. In a variety of cancers including breast, pros-
tate, colorectal, and lung cancers as well as glioblastoma 

multiform, however, it isconstitutively activated via molecu-
lar abnormalities and is associated with tumorigenesis [3–6]. 
The mechanisms for activation of the PI3K pathway include 
mutations or amplification of PIK3CA (the gene encoding 
the catalytic subunit of PI3K), the dysfunction of phosphate 
and tensin homolog (PTEN, a negative regulator of PI3K), 
and aberrant signaling from membrane receptor tyrosine 
kinases [5–7].

Many cancers exhibit a genetic dependency on aberrant 
PI3K pathway signaling. Preliminary data suggest that acti-
vation of various components of the PI3K pathway may be 
a predictor of a poor prognostic outcome in some cancers 
[7, 8]. Furthermore, pathway activation contributes to thera-
peutic resistance of cancers such as that observed against 
anti-HER2 therapy in breast cancer [9]. Therefore, the PI3K 
pathway has been a therapeutic target in the development of 
anti-cancer drugs [5].

BGT226, which belongs to a class of imidazoquinolines, 
is a dual inhibitor of pan-class I PI3Ks and the mammalian 
target of rapamycin (mTOR). BGT226 demonstrated strong 
and reversible inhibition of PI3K through binding to the 
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p110 subunit. This resulted in potent antiproliferative activ-
ity in a wide range of cancer cell lines with mutated or wild-
type PI3K pathway, including glioblastoma, breast, prostate, 
non-small cell lung, head and neck, colorectal cancers, and 
multiple myeloma [10, 11].

BGT226 has been tested in various tumor xenograft 
models that harbored either a loss of PTEN or a PIK3CA 
mutation. It showed strong anti-tumor activity in an in vivo 
orthotopic model of HER2-positive breast cancer as well as 
models of glioblastoma, prostate, and non-small cell lung 
cancer in mice. The anti-tumor activity of BGT226 was 
associated with strong inhibition of activated downstream 
effector molecules, especially Akt/PKB, in tumor tissue [12].

Based on these preclinical observations, BGT226 was 
investigated in clinical studies. The purpose of this phase I 
study was to determine the maximum tolerated dose (MTD), 
as well as assess the safety, pharmacokinetics, and phar-
macodynamics of BGT226 in Japanese patients. A parallel 
phase I study in Western countries has been reported [12].

Patients and methods

Patients

The main inclusion criteria were the presence of histologi-
cally confirmed advanced solid tumors that had progressed 
despite standard therapy, age ≥ 20 years, Eastern Coopera-
tive Oncology Group performance status ≤ 2, life expec-
tancy ≥ 12 weeks, and adequate hematological, renal and 
liver functions.

The main exclusion criteria were the presence of pri-
mary central nervous system tumors or brain metastases, 
peripheral neuropathy ≥ grade 2 in National Cancer Institute 
Common Toxicity Criteria for Adverse Events (NCI-CTCAE 
v3.0), diarrhea ≥ grade 2, impaired cardiac function or clini-
cally significant cardiac disease, uncontrolled concomitant 
medical conditions (e.g., hypertension, diabetes mellitus 
or infection), and gastrointestinal diseases that might alter 
the absorption of BGT226 (e.g., ulcerative diseases, uncon-
trolled nausea, vomiting, diarrhea, malabsorption syndrome, 
or small bowel resection).

Anti-tumor drugs within 4  weeks prior to starting 
BGT226 (6 weeks for nitrosourea, mitomycin-C, or mono-
clonal antibodies) were prohibited, and patients treated with 
wide field radiotherapy within 4 weeks (2 weeks for lim-
ited field radiation for palliation) or major surgery within 
2 weeks were also excluded.

The study was approved by the ethics committees of 
each participating institution and conducted in accordance 
with the International Conference on Harmonization Good 
Clinical Practice Guidelines as well as the Declaration of 
Helsinki. All patients provided written informed consent.

Treatment and dose escalation

BGT226 was administered orally 2 h after a light breakfast 
with fasting for another 2 h on days 1, 3, and 5 of each 
week. A treatment cycle consisted of 28 days and contin-
ued until unacceptable toxicity, disease progression, or 
patient withdrawal. The initial dose was 10 mg once a day 
three times a week, and this was subsequently escalated 
to 20, 40, 80, and 100 mg. Dose escalation was supported 
by a Bayesian logistic regression model (BLRM). Because 
this was the first trial of BGT226 in Japanese patients, the 
pre-study probability of dose-limiting toxicities (DLTs) at 
each dose level was based on the safety profile of the pre-
ceding first clinical study of BGT226 in Western patients. 
The initial dose of 10 mg corresponded to 50% of the 
highest dose (20 mg) investigated at that time without the 
occurrence of DLT in the preceding study.

The dose was to be escalated until the maximum toler-
ated dose (MTD), which was defined as the highest dose 
not causing DLT in more than 33% of treated patients, 
during the first cycle. A minimum of three patients were 
assigned sequentially to a cohort that could be expanded 
for further elaboration of safety and pharmacokinetics pro-
files. At least 15 patients were required to be enrolled, so 
that the Bayesian model could have reasonable operating 
characteristics for an MTD recommendation. Patients were 
evaluated for DLT if they were treated with BGT226 for at 
least 9 out of 12 scheduled doses in cycle 1. Patients who 
withdrew from the study during cycle 1 for any reason 
other than DLT without meeting this requirement were 
excluded from the decision of dose escalation.

Assessments

Toxicities were graded according to NCI-CTCAE. DLTs 
were defined as grade 3 neutropenia or thrombocytope-
nia for > 7 consecutive days, grade 4 thrombocytopenia, 
febrile neutropenia, grade 3 anemia with a hemolytic 
process, total bilirubin or creatinine 2.0–3.0 × upper lim-
its of normal (ULN) for > 7 days,  ≥ grade 3 increase in 
total bilirubin or creatinine, grade 3 elevation of aspar-
tate aminotransferase (AST)/alanine aminotransferase 
(ALT) for > 7 days, grade 4 AST/ALT elevation,  ≥ grade 3 
asymptomatic amylase/lipase elevation for > 7 days, grade 
2 hyperglycemia not resolving for > 14  days,  ≥ grade 
3 hyperglycemia,  ≥ grade 2 adrenal insufficiency not 
improving to grade 1 despite the use of optimal treat-
ments,  ≥ grade 2 thyroid dysfunction not improving to 
grade 1 for > 7 days,  ≥ grade 3 cardiac toxicity or troponin 
elevation,  ≥ grade 2 pancreatitis, skin toxicities result-
ing in an interruption of BGT 226 for > 7 days,  ≥ grade 
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3 nausea or diarrhea despite the use of optimal treat-
ment,  ≥ grade 3 for other non-hematological toxicities, 
and a dose interruption due to lower grade toxicities for 
four or more consecutive doses.

The anti-tumor effect of BGT-226 was assessed according 
to Response Evaluation Criteria in Solid Tumors (RECIST 
v1.0) every 8 weeks.

Pharmacokinetics

Blood sampling for pharmacokinetic analysis was performed 
before and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 24, 32, and 48 h after the 
administration of BGT226 on days 1 and 8 of cycle 1 as well 
as on day 1 of cycle 2, and before dosing on day 1 of cycle 
3–5. Pharmacokinetic parameters were calculated by a non-
compartmental analysis using  WinNonlin® (Pharsight, Moun-
tain View, CA).

Biomarkers

Punch biopsies of normal skin were performed for pharma-
codynamic investigation. Full thickness skin with a 3-mm 
diameter was obtained from the back at baseline and between 
4 and 6 h after the administration of BGT226 on day 1 of cycle 
2. Ki67 and p-S6 (Ser240/244) were evaluated immunohisto-
chemically and compared between baseline and posttreatment. 
Mutation profiles of molecules in the PI3K signaling pathway 
were investigated using archival tumor tissue. When possible, 
fresh tumor samples were obtained by biopsy at baseline as 
well as between 4 and 6 h after the administration of BGT226 
on day 1 of cycle 2. The effect of BGT226 on proteins of the 
PI3K signaling pathway, including p-Akt, p-eukaryotic transla-
tion initiation factor 4E-binding protein 1 (4EBP1), and p-S6 
(Ser240/244), as well as Ki67 and cyclin D1 was investigated 
by comparing baseline and posttreatment values.

Blood samples were collected at baseline and before 
BGT226 administration on days 1, 8 and 15 of cycle 1, day 
1 of cycles 2 and 3, and in every other subsequent cycle to 
investigate treatment-related changes in markers relevant to 
PI3K signaling as well as circulating angiogenic markers 
[vascular endothelial growth factor (VEGF), soluble VEGF 
receptor (sVEGFR1), sVEGFR2, basic fibroblast growth fac-
tor, and placental growth factor]. Blood samples for circulating 
cellular death markers (M30/M65) were collected at baseline 
and before dosing on day 1 of cycle 1, and 6 h after BGT226 
administration on day 8 of cycle 1, day 1 of cycles 2 and 3, and 
every other subsequent cycle.

Results

A total of 18 patients were enrolled and evaluated (three 
patients each for the 10, 20, 40, and 80-mg cohorts, and 
six patients for the 100-mg cohort) from November 2008 to 
December 2009. All patients showed a good performance 
status of 0 or 1. Twelve patients had been treated with three 
or more regimens of chemotherapy before they were enrolled 
in this study (Table 1).

Most patients (89%) experienced toxicities related to 
BGT226. The most frequently reported toxicities were diar-
rhea (72%), nausea (61%), decreased appetite (50%), vomit-
ing (39%), and fatigue (28%), with all patients either grade 
1 or 2 (Table 2). The frequency of diarrhea and nausea in 
the 100-mg cohort was 100%, while lower incidences were 
observed in lower dose cohorts. Two patients experienced 
dose modifications due to adverse events at 100 mg during 
the study. One patient experienced a dose reduction to 80 mg 
and underwent three dose interruptions (Table 3). Another 
patient experienced a dose interruption. 

BGT226 was rapidly absorbed after oral administration 
and its concentration was measurable in plasma as early as 
0.5 h after dosing (first sampling time). Median peak plasma 
concentrations of BGT226 were observed between 1 and 
4 h after dosing followed by a mono-exponential decline in 
the most patients. Cmax and AUC last values increased in a 

Table 1  Patient characteristics (n = 18)

Age, years
 Median (range) 58.5 (26–70)

Sex
 Female/male 4/14

Performance status
 0/1 6/12

Weight
 Median (range) 58.4 (42–102)

Primary tumor
 Stomach 4
 Rectum 4
 Soft tissue sarcoma 4
 Gallbladder 2
 Others 4

Prior anti-cancer therapy
 Chemotherapy 18
 Radiotherapy 5
 Surgery 14

Number of chemotherapy regimens
 1–2 6
 3–4 9
 5– 3
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dose-dependent manner, with no significant drug accumula-
tion after multiple doses (Table 4). Intersubject variability 
in drug exposure (AUC last and Cmax) was relatively high and 
ranged between 40 and 70% for most cohorts.

No objective responses were observed in this study. Five 
patients exhibited stable disease, and two patients continued 
the study treatment for 16 weeks.

Paired skin biopsies were obtained from 13 of 18 patients 
at baseline and on day 1 of cycle 2. The immunohistochem-
ical evaluation of Ki67 and p-S6 showed no significant 

changes. Paired fresh tumor samples were obtained in a 
patient with colon cancer treated with 80 mg, but no obvious 
changes were observed in any of the biomarker parameters.

Discussion

BGT226 was tolerated up to 100 mg three times a week in 
Japanese patients with solid cancers. Most patients experi-
enced toxicities, with the most frequently reported toxicities 

Table 2  Toxicities observed 
in > 20% of patients

Dose 10 mg 20 mg 40 mg 80 mg 100 mg Total

Number of patients 3 3 3 3 6 18
Toxicities (number of patients, Grade 1/2)
 Diarrhea 0/0 1/0 3/0 3/0 2/4 9/4
 Nausea 0/0 1/0 2/0 1/1 3/3 7/4
 Vomiting 0/0 1/0 1/0 0/1 1/3 3/4
 Decreased appetite 1/0 0/0 0/0 2/1 2/3 5/4
 Fatigue 1/0 0/0 0/0 0/1 3/0 4/1

Table 3  Patients with dose 
modifications

Dose 10 mg 20 mg 40 mg 80 mg 100 mg Total

Number of patients 3 3 3 3 6 18
Dose modification 1 0 0 0 2 3
 Reduction 0 0 0 0 1 1
 Interruption 1 0 0 0 2 3

Table 4  Summary of plasma pharmacokinetics of BGT226

Tmax time to reach, Cmax maximum observed concentration, AUC last area under the curve up to the last measurement, T1/2 half life, Racc accumu-
lation ratio, SD standard deviation
*n = 2

Cycle/day Dose (mg) N Tmax (h) Cmax (ng/mL) AUC last (ng h/mL) T1/2(h) Racc (AUC last)
Median (range) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

C1D1 10 3 3 (2.87–3) 0.675 (0.413) 5.75 (3.47) 15.9 (7.09)
20 3 3 (2.98–3) 1.16 (0.228) 6.99 (2.7) 8.3 (0.649)
40 3 1.48 (1–3) 2.12 (1) 15.8 (8.49) 7.33 (1.88)
80 3 3.02 (3–3.98) 2.58 (0.865) 22.3 (15) 11.8 (2.1)

100 6 3.5 (1.5–6) 3.37 (2.1) 34.8 (16) 9.22 (3.42)
C1D8 10 3 3 (3–3) 1.15 (0.757) 7.12 (4.11) 10.8 (2.2) 1.3 (0.222)

20 3 3 (1–6.1) 1.48 (0.812) 8.29 (3.23) 10.1 (2.27) 1.19 (0.129)
40 3 3 (2–3.05) 2.11 (0.783) 18.1 (7.72) 7.32 (0.642) 1.19 (0.173)
80 3 4 (4–8.22) 1.48 (0.474) 17.5 (7.65) 11.6 (3.23) 0.881 (0.242)

100 6 3 (3–6) 4.76 (2.92) 62.5 (44.6) 9.94 (4.01) 1.77 (0.917)
C2D1 10 3 2 (1.5–3) 0.835 (0.422) 5.97 (3.57) 13.8* (6.15) 1.11 (0.268)

20 2 3.05 (3–3.1) 1.26 (0.839) 10.2 (6.15) 11.8 (4.58) 1.2 (0.367)
40 1 0.983 0.971 8.64 7.69 1.06
80 3 3 (0.5–8.25) 1.74 (0.715) 22.8 (11) 8.23 (1.78) 1.11 (0.204)

100 4 3.03 (3–7.78) 4.1 (1.63) 53 (33.2) 10.7 (2.77) 2 (1.24)
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being diarrhea (72%), nausea (61%), decreased appetite 
(50%), vomiting (39%), and fatigue (28%). These findings 
substantially corresponded to the toxicity profile and fre-
quency observed in a phase I study of BGT226 in Western 
countries, where diarrhea (65%), nausea (76%), decreased 
appetite (24%), vomiting (54%), and fatigue (27%) were the 
most frequently observed toxicities at the same dose range 
(10–100 mg) as the current study [12].

Although DLTs were not observed in six patients treated 
with 100 mg BGT226, no further dose escalation was per-
formed in this study because 3 of 11 patients developed 
DLTs at 125 mg in the preceding phase I study in Western 
counties, which recommended a dose of 100 mg [12] that 
our study also support. Furthermore, two of six patients 
treated at 100 mg in the current study needed a dose reduc-
tion or interruption due to adverse events during the study 
treatment.

The pharmacokinetics of BGT226 had a relatively high 
interpatient variability, with exposure to BGT226 increas-
ing dose dependently. Significant drug accumulation after 
thrice-a-week administration was not observed. Although 
the dose of BGT226 was not adjusted according to body 
size (e.g., body surface area), an apparent difference in AUC 
between Japanese and Western patients at 10–100 mg was 
not noted (Fig. 1) [12]. Together with the absence of a differ-
ence in the profile and frequency of toxicity between Japa-
nese and Western patients, ethnic differences in the phar-
macokinetics and toxicities of BGT226 were not apparent.

As one of the early PI3K inhibitors, we observed no 
responses to BGT226 in the 18 patients of the current 
study. Similarly, no responses were documented while 
tumor shrinkage that did not qualify for a partial response 
was observed in only 3 of 57 patients in the Western phase I 

study of BGT226. Pharmacokinetic and pharmacodynamic 
modeling based on clinical and preclinical data predicted 
that BGT226 doses > 4000 mg/day would be required to 
achieve effective systemic exposure [12]. This dose obvi-
ously exceeded the safety range of BGT226 for humans.

Paired normal skin samples were obtained for pharma-
codynamic evaluation in 13 of 18 patients by punch biopsy, 
and paired tumor samples were obtained in one patient with 
colon cancer treated with 80 mg. For both normal skin and 
tumor tissue, posttreatment samples were obtained 4–6 h 
after dosing on day 1 of cycle 2. However, treatment with 
BGT226 did not change any of the biomarkers in either nor-
mal skin or tumors. These biomarkers included Ki67 and 
p-S6 status in normal skin, and p-AKT, p-4EBP1, Ki67, and 
cyclin D1 in tumors. Such observations corresponded to the 
lack of responses observed in this study, which precluded 
investigation of the association between anti-tumor effi-
cacy and mutations of genes in the PI3K pathway in archi-
val tumor tissues. Similar to our observations, a consistent 
reduction in p-S6 was observed in few patients in a Western 
phase I study of BGT226 [12].

Many PI3K inhibitors are now under clinical develop-
ment, with some showing clinical activity in hematological 
malignancies [6, 13, 14]. For example, copanlisib showed 
activity in follicular lymphoma in early clinical studies and 
was approved by the US Food and Drug Administration [13] 
while inhibitors of PI3Kδ including idelalisib and duvelisib, 
showed activity against lymphoid malignancies [14].

Although several clinical activities, including partial 
responses and long-term stable disease, were observed with 
several PI3K inhibitors used as a single agent [6, 15, 16], 
early clinical studies did not identify a consistent clinical 
activity in solid tumors [9, 17]. However, several reports 
have described improved efficacy when PI3K inhibitors were 
combined with other molecular-targeted drugs [6]. A pooled 
analysis of 136 patients with advanced cancers harboring 
PIK3CA and PTEN alterations who were treated with PI3K 
inhibitors in early clinical trials demonstrated that patients 
treated with combination therapies had a higher response 
than those treated with a single agent [18].

By being limited to PIK3CA-mutated tumors, alpelisib 
(BYL-719), an alpha-specific PI3K inhibitor, plus fulvestrant 
doubled progression-free survival compared to fulvestrant 
alone with a hazard ratio (HR) of 0.65 in postmenopausal 
patients with hormone receptor-positive, and HER2-negative 
advanced breast cancer in a recently reported randomized 
phase 3 study [19]. Taselisib, another PI3K inhibitor, also 
reduced the risk of death or progression by 30% in similar 
patients with a PIK3CA mutation [20]. Furthermore, the 
addition of buparlisib (BKM120) to fulvestrant prolonged 
progression-free survival in postmenopausal patients with 
hormone receptor-positive/HER2-negative breast cancer in 
a phase 3 study, with a HR of 0.78 in a total population. The 

Fig. 1  AUC of BGT226 in Japanese and Western cancer patients 
treated with 10–100  mg on Cycle 1 Day 1 in phase I studies [12]. 
Japanese and Western patients did not show a difference in AUC 
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effect of adding bupalisib was greater (HR, 0.58) in patients 
with PIK3CA-mutated circulating tumor DNA than those 
without (HR, 1.02) [21]. These observations suggest that 
biomarkers such as PIK3CA mutations and/or combination 
with other drugs are important in the clinical development 
of PI3K inhibitors.

In conclusion, BGT226 up to 100 mg thrice a week 
was tolerated as a starting dose in Japanese patients with 
solid cancers, and a difference in toxicity profiles and 
pharmacokinetics was not observed between Japanese and 
Western patients. Exposures achieved with BGT226 were 
likely insufficient for clinically meaningful PI3K pathway 
inhibition.
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