Fig.1 The tip of the prototype scissors-type electrosurgical knife (single
use electrosurgical incision forceps FD-YO005; Olympus Medical Systems,
Tokyo, Japan).

and colon. The ESG-100 was used as the electrocautery system,
with various settings between 15 and 80W in the pulse-cut fast
mode.

Following ESD, the pigs were euthanized using potassium chlori-
de and somnopentyl. The organs of interest were then extracted
and observed macroscopically. The animal experiments were ap-
proved by the ethics committee of the Olympic Medical Systems.

Human feasibility study

This was a prospective feasibility study of ESD using the new scis-
sors-type electrosurgical knife for patients with early esophageal
or gastric cancer. The study protocol was approved by the ethics
committee and institutional review board of the National Cancer
Center Hospital East (number 2010-045). The study was con-
ducted in accordance with the Ethical Guideline for Clinical Re-
search by the Ministry of Health, Labour and Welfare, and the
Declaration of Helsinki. The study was also registered with the
University Hospital Medical Information Network (UMIN) Clini-
cal Trials Registry (number UMINO00004941).

The inclusion criteria were: 1) a primary and solitary lesion of in-
tramucosal esophageal or gastric cancer; 2) histologically con-
firmed intestinal type gastric cancer without ulceration, with di-
ameter <2cm, or histologically confirmed esophageal squamous
cell or basaloid carcinoma, with diameter <3cm; 3) age 220-<75
years; 4) performance status <1; 5) no history of surgery or ra-
diation for prior esophageal or gastric cancer; 6) adequate organ
function; 7) provision of written informed consent.

ESD procedure

Two operators (T.Y., H.O.), who were experienced in ESD (>500
cases) using the insulated-tip (IT)-knife performed all proce-
dures. The ESG-100 was used as the electrocautery system, and
the setting was pulse-cut fast mode with a power range of 15—
40W, as determined during the preliminary animal studies. The
procedure was performed as follows. 1) Marking spots were
made surrounding the lesion. 2) A solution that contained nor-
mal saline and hyaluronic acid was injected into the submucosal
layer to elevate the lesion. 3) An initial circumferential incision
was performed using the scissors-type electrosurgical knife. 5)
An additional injection was performed after the circumferential
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incision, and the dissection of the expanding submucosal layer
was performed using the same device.

Following ESD, resected specimens were fixed in formalin, and 2-
mm sections were cut for histological evaluation by an experi-
enced pathologist, according to the Japanese Classification of
each cancer type [6,7]. Patients were observed during hospitali-
zation for 1 week to evaluate adverse events, and endoscopic ob-
servation was performed once to identify any perforation or
bleeding.

Study end points

The primary end point was serious adverse events (SAE) related
to ESD. SAE were defined as perforation during or after ESD that
required surgical intervention, and bleeding was defined as that
which required endoscopic intervention or a transfusion within 7
days after ESD. Secondary end points were the en bloc resection
rate and the number of adverse events. Mechanical or electrical
problems and errors encountered while using the new device
were also evaluated.

Results

v

Live porcine model

The sharpness of the scissors was maintained during 200 repeat-
ed cuts in each tissue material, and the tip of the device did not
deteriorate. Damage to the surrounding tissue was minimal
(© Fig.2). ESD was completed in six areas in the esophagus, five
areas in the stomach, and one area in the colon in three live pigs.
The median procedure time was 17.5 minutes in the esophagus,
20 minutes in the stomach, and 25 minutes in the colon. Speci-
mens were approximately 20 mm in diameter. The scissors
opened and closed smoothly during the procedures, and no
bleeding or perforation occurred. The surrounding tissue burn
damage was minor, and no transmural thermal injury was ob-
served macroscopically at the resection sites of each organ.

ESD in patients

Between February and May 2011, four patients were enrolled
into the feasibility study. Patient and lesion characteristics are
presented in © Table1, and the outcomes of the ESD procedures
and histological findings are summarized in © Table2. All ESD
procedures were completed. The mean procedure time was 31
minutes, and en bloc resection was achieved in all cases. There
were no serious adverse events. All lesion specimens were deter-
mined to have a tumor depth limited to within the mucosal layer,
with margins free of invasion. The procedure for a patient with
esophageal squamous cell carcinoma is presented in © Video 1.
The scissors opened and closed smoothly, and no electrical prob-
lems, such as electrical shock or burn injury to patients, opera-
tors, or assistants, or electrical power failure, were experienced.
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Endoscopic submucosal dissection  Online content including
using the new scissors-type knifeina video sequences viewable
patient with esophageal squamous  at: www.thieme-connect.de
cell carcinoma.
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Table1 Patientand lesion characteristics.

Case 1 Case 2 Case 3 Case 4
Age, years 58 70 63 59
Sex Male Female Male Male
Performance 0 0 0 0
status™
Organ Stomach Stomach Esophagus  Stomach
Location Lower Lowerante- Middle Lower
anterior rior thoracic greater
curvature
Size, mm 5 5 20 20

* According to the Eastern Cooperative Oncology Group.

Discussion

v

This study is significant because it evaluates a new electrosurgical
knife for ESD across a wide range of conditions, from ex vivo ani-
mal experiments to the first human feasibility study. Patients did
not experience any serious adverse events during or after ESD,
and electrical stability, and the durability and sharpness of the
device were confirmed.

Most devices developed to improve safety during ESD are derived
from a needle knife. Operators press the tip of these devices per-
pendicularly to the mucosa, and pull the device upward. During
dissection of the submucosal layer, the device is pressed into the
swelling submucosal layer and cutting is achieved by moving the
device parallel to the muscle layer. These complicated techniques
themselves exacerbate the risk of perforation during ESD. Per-
forations occurred in approximately 5% of gastric lesions under-
going ESD using the IT-knife, despite the procedure being carried
out by skilled operators [8]. The scissors-type device cuts only the
grasped materials; therefore, in theory, accidental perforation
should rarely occur.

Other scissors-type devices such as the Clutch Cutter (Fujifilm,
Tokyo, Japan) or SB knife (Sumitomo Bakelite, Tokyo, Japan) are
already commercially available [9-11]. However, the novel de-
vice described here has two important features that distinguish
it from other devices: a ceramic covered tip and a single stainless
steel blade. In contrast, previously released scissors-type devices
have a fluoroplastic-coated tip and stainless steel blade electro-
des on both sides of the scissors. Ceramic materials can tolerate
high temperatures, and are more durable compared with fluoro-
plastic; this results in high quality insulation even after frequent
use, Furthermore, the single-side electrode of the scissors results

Case 1 Case 2

Completion Complete Complete
Procedure time, minutes 32 18
En bloc or piecemeal En block En block
Collection of specimen Yes Yes
Adverse events

Bleeding No No

Perforation No No
Major axis of specimen, mm 35! 35
Histological type tub1 tub1
Tumor depth T1a T1a
Ulceration Absent Absent
Horizontal margin Negative Negative
Vertical margin Negative Negative

tub1, well-differentiated tubular adenocarcinoma; SCC, squamous cell carcinoma.

INITIAL CUT 200th CUT

A{1)

Fig.2 Results of preliminary experiments in ex vivo animal material.
Images of initial (1) and 200th (2) cut for each material (chicken tenderloin
[A], porcine stomach [C] and esophagus [D]). In all samples, the sharpness
of the scissors was maintained after 200 cuts (B-1 and B-2), and the sur-
rounding tissue damage was minor. Material adhering to the tip of the
device was minimal.

in a narrow area of contact space and a subsequently higher cur-
rent density. This high-quality of insulation and increased cur-
rent density allows more rapid movement of the incision elec-
trode, leading to an increase in the incision speed and a decrease
in surrounding tissue damage. Indeed, the mean procedure time
in the current study was 31 minutes for lesions with a mean di-
ameter of 31 mm, whereas in a previous report using a different
scissors-type device, a mean of 103 minutes was needed for gas-
tric lesions with a mean diameter of 30mm [10].

Despite the very interesting preliminary data presented in this
study, the study limitations include the small number of patients
with small lesions in locations that were easy to access. Further-

Case 3 Case 4 Table2 Outcome of endoscopic
Complete Complete lsub.muc.osa} dissection, and histo-
42 32 ogical findings.

En block En block

Yes Yes

No No

No No

25 29

SCC tub1

T1a T1a

Absent Absent

Negative Negative

Negative Negative
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more, only two experienced operators performed all of the pro-
cedures. Although the procedure might theoretically be easier,
even for novice operators, using this new device, this could not
be confirmed by the current study.

In conclusion, ESD using this new scissors-type electrosurgical
knife is feasible. It is hoped that this study will extend the limited
clinical data available for the device and increase the awareness
of its potential to simplify ESD procedures, especially for novice
operators.
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platelet-derived growth factor

. . . (2
regulation of tumoral angiogenesis.®

Platelet-derived growth factor receptor-o. is expressed in
several tysg)es of cancer on transformed cells and in tumor
(=) PDGFRo expression is associated with disease pro-
gression, diminished I)Jatient survival, and metastases to lymph
9 Due to the effects of the PDGFRo/

PDGF axis on tumor growth and tumor-associated vasculature,
there is interest in developing therapeutic inhibitors of this

stroma.

nodes and bone.™

Cancer Sci | July 2014 | vol. 105 | no.7 | 862-869

T he receptor
(PDGFR) consists of PDGFRo. and PDGFRB.Y These
receptors and their ligands are involved in normal organ devel-
opment and function, wound-healing, and the pathogenesis of
malignant and non-malignant diseases.”” The PDGFRo/plate-
let-derived growth factor (PDGF) axis is required for vascular
endothelial growth factor production by tumor stroma and the

Olaratumab (IMC-3G3) is a fully human IgG1 monoclonal antibody that selectively
binds the external domain of human platelet-derived growth factor receptor-o
with high affinity and blocks ligand binding. This was a single-center, dose-esca-
lation, phase | trial of olaratumab in Japanese patients with advanced/refractory
solid malignancies. Three to six patients were enrolled into each of three cohorts:
Patients received i.v. olaratumab: 10 mg/kg on days 1 and 8 every 3 weeks
(cohort 1); 20 mg/kg every 2 weeks (cohort 2); and 15 mg/kg on days 1 and 8
every 3 weeks (cohort 3). Doses were escalated from cohort 1 through cohort 3.
The primary objective was to establish the safety and pharmacokinetic profile of
olaratumab. Sixteen patients were treated across three cohorts. There were no
dose-limiting toxicities, so the maximum tolerated dose was not reached. The
most common olaratumab-related treatment-emergent adverse events (TEAEs)
were proteinuria (25.0%) and elevated aspartate transaminase (12.5%). One
patient (cohort 2) had two olaratumab-related Grade 3 TEAEs (increased aspar-
tate aminotransferase and tumor hemorrhage); otherwise, olaratumab-related
TEAEs were Grade 1/2. Seven patients (43.8%) had a best response of stable dis-
ease. Based on the pharmacokinetic concentration profile of olaratumab, the
trough concentrations following single and multiple doses at 15 mg/kg on days
1 and 8 every 3 weeks (cohort 3) and multiple doses at 20 mg/kg every 2 weeks
(cohort 2) were above the 155 pg/mL target. Thus, these two doses could repre-
sent an acceptable schedule for future trials in Japanese patients. Olaratumab
had an acceptable safety profile and was well tolerated.

pathway."*'® Most of these inhibitors are small molecule
tyrosine kinase inhibitors (TKIs) that typically inhibit multiple
kinases.!' "'

Olaratumab (IMC-3G3) is a fully human IgGl monoclonal
antibody that selectively binds human PDGFRo with high affinity
(approximately 40 pM) and blocks ligand-binding."'® This anti-
body inhibits the proliferation and growth of a variety of
human tumor cell lines both in vitro and in vivo.5%'™ Based
on its activity in preclinical models involving human cells,>5*»
olaratumab entered clinical development. One phase I trial in
patients with advanced tumors is complete (CP15-0601; I5B-IE-
JGDC)Y® and several phase II trials are ongoing. Here, we
report the results of a phase I trial of olaratumab in a cohort of
Japanese patients (CP15-0907;, ISB-IE-JGDF) with advanced
solid tumors.

family

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Materials and Methods-

Patients. Patients (>20 years old) with advanced primary or
recurrent solid tumors not responding to standard therapy, or
for whom no standard therapy was available, were eligible.
Other enrollment criteria included = Eastern Cooperative
Oncology Group Performance Status of 0-1; estimated life
expectancy >3 months; and adequate hematologic, hepatic,
renal, and coagulation function.

Patients with known brain metastases were excluded due to
risk of bleeding. Other exclusion criteria included chemother-
apy or radiotherapy within 28 days (6 weeks for nitrosoureas
or mitomycin C) prior to entering the study or presence of
ongoing side effects >Grade 2 due to agents administered
>28 days prior to study entry; uncontrolled intercurrent illness;

Original Article
Doi et al.

participation in clinical trials of unapproved agents within
4 weeks of study entry for small molecules or within 8 weeks
for. monoclonal antibodies; and hepatitis B virus antigen,
hepatitis C virus ‘antibody, or human immunodeficiency virus
antibody positivity.

This study was conducted in accordance with the Good
Clinical Practices, Japanese Good Clinical Practices, the
Declaration of Helsinki, and approval by the medical institu-
tion’s Ethical Review Board. Patients provided written
informed consent prior to inclusion. The ClinicalTrials.gov
identifier is NCT01199822.

Study design, This was a single-center, open-label, dose-esca-
lation, phase I trial. The primary objective was to establish the
safety and pharmacokinetic (PK) profile of olaratumab adminis-
tered on day 1 every 2 weeks (q2w) or on days 1 and 8 every

Table 1. Baseline demographics and disease characteristics
Number of patients, n (%) (unless otherwise indicated)
Cohort 1 (10 mg/kg) Cohort 2 (20 mg/kg) Cohort 3 (15 mg/kg) . All cohorts
n=3 n=7 n=6 N =16

Age, years

Median (range) 69.6 (59.6-71.4) 60.9 (35.6-70.3) 59.1 (50.5-69.7) 60.7 (35.6-71.4)
Sex )

Male 3 (100.0) 5(71.4) 2 (33.3) 10 (62.5)

Female 0 2 (28.6) 4 (66.7) 6 (37.5)
Race

Asian (Japanese) 3 (100.0) 7 (100.0) 6 (100.0) 16 (100.0)
Type of cancerf

Colorectal 1(33.3) 5(71.4) 1(16.7) 7 {(43.8)

Gastric 1(33.3) 0 1(16.7) 2 (12.6)

Gastrointestinal stroma 0 2 (28.6) 2 (33.3) 4 (25.0)

Head and neck 1(33.3) 0 1(16.7) 2 (12.5)

Sarcoma 0 0 1(16.7) 1(6.3)

Duration of disease, months}
Median (range)
ECOG performance status

456 (2.4-61.4)

0 3 (100.0)
1 0
Metastatic site
Lung 2 (66.7)
Liver 1(33.3)
Lymph nodes 1(33.3)
Peritoneal 1(33.3)
Pleural 1(33.3)
Other 0
Prior disease-related therapy
Chemotherapy$ 2 (66.7)
Othery 0
Missing 1(33.3)
Prior disease-related radiotherapy
Yes 0
No 3 (100.0)
Missing 0
Prior disease-related surgery
Yes 2 (66.7)
No 0
Missing 1(33.3)

66.3 (32.5-90.4)

48.5 (25.5-102.5) 49.6 (2.4-102.5)

7 (100.0) 5 (83.3) 15 (93.8)
0 1(16.7) 1(6.3)
2 (28.6) 3 (50.0) 7 (43.8)
6 (85.7) 3 (50.0) 10 (62.5)
2 (28.6) 3 (50.0) 6 (37.5)
1(14.3) 2 (33.3) 4 (25.0)
0 0 ‘ 1(6.3)
3 (42.9) 3 (50.0) 6 (37.5)
7 (100.0) 6 (100.0) 15 (93.8)
2 (28.6) 1(16.7) 3(18.8)
0 0 1(6.3)
0 1(16.7) 1(6.3)
7 (100.0) 4 (66.7) 14 (87.5)
0 1(16.7) 1(6.3)
6 (85.7) 6 (100.0) 14 (87.5)
1(14.3) 0 1(6.3)
0 0 1(6.3)

+Not coded and was presented as reported. {Duration of disease is time (in months) from date of histologic/cytologic confirmation of advanced
solid tumor to date of first dose. If the day of first confirmation of cancer is unknown, it was replaced by 1SMMMYYYY. §Includes agents such
as cetuximab, sunitinib, imatinib, aflibercept, and bevacizumab. JOther than chemotherapy, hormonal therapy, immunotherapy, and biologic

therapy. ECOG, Eastern Cooperative Oncology Group.
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Table 2. Olaratumab-related treatment-emergent adverse events
across all cyclest, i

Number of patients, n (%)

Preferred term Cohort 1 Cohort 2 Cohort 3
(10 mgrkg) (20 mgrkq) (15 mg/kg)
n=3 n=7 n=6
Patients.with any AE 1(33.3) 6 (85.7) 1(16.7)
Hematologic
Anemia 0 1(14.3) 0
Leukopenia 0 1(14.3) 0
Non-hematologic
Aspartate 0 2 (28.6) 0
aminotransferase
increased
Cough 1(33.3) 0 0
Dermatitis 0 0 1(16.7)
Diarrhea 0 1(14.3) 0
Fatigue 0 1(14.3) 0
Fibrin D-dimer 0 1(14.3) 0
increased
Hyperglycemia 0 1(14.3) 0
Hypertension 0 1(14.3) 0
Proteinuria 0 3 (42.9) 1 (16.7)
Rash 0 1(14.3) 0
Tumor hemorrhage 0 1(14.3) 0

fFor each preferred term, each patient is counted only once per pre-
ferred term. fAEs with missing relationship to study drug were consid-
ered as related. AE, adverse event.

3 weeks (q3w) in this patient population. Exploratory analyses
included preliminary assessment of antitumor activity and
assessment of the pharmacodynamic effect of olaratumab.

Patients received i.v. olaratumab (infusion rate not exceeding
25 mg/min) q2w or on days 1 and 8 g3w. One cycle was
defined as 6 weeks. Tumor response was evaluated radiographi-
cally every 6 weeks, starting from the first drug administration
and independently from the treatment cycle. After cycle 1,
patients experiencing a complete response (CR), partial response
(PR), or stable disease (SD) received olaratumab at their cohort
dose and schedule until there was evidence of progressive dis-
ease (PD) or until other withdrawal criteria were met.

Treatment cohorts. Olaratumab dosing was based on baseline
body weight; the dose was recalculated if there was a >10%
weight change from baseline. A minimum of three patients
were enrolled in each cohort. The cohort 1 dose was 10 mg/kg
administered on days 1 and 8 g3w. Dose escalation from

- cohort 1 to cohort 2 (20 mg/kg g2w) occurred after all cohort
1 patients completed the first cycle of therapy or discontinued
due to a dose-limiting toxicity (DLT). Enrollment into cohort
3 (15 mg/kg q3w) occurred after all cohort 2 patients com-
pleted the first cycle of therapy or discontinued due to a DLT.
Intrapatient dose escalations were not permitted. Patients who
did not complete the first 6 weeks (one cycle) of treatment for
reasons other than a DLT were replaced.

If one DLT was observed in any cohort during cycle 1, 3
additional patients were enrolled into that cohort. If no addi-
tional DLTs were observed, dose escalation continued. If a
patient did not recover from the DLT to < Grade 1 within
2 weeks, the patient was discontinued from the study.

A DLT was defined as one of the following conditions: if

considered by the investigator to be definitely, probably, or-

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association. ’
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Table 3. Efficacy of olaratumab

Cohort 1 Cohort 2 Cohort 3
(10 mg/kg) (20 mg/kg) (15 mg/kg)
n=23 n=7 n==6
Best overall tumor response, n (%)
CR 0 0 0
PR 0 0 0
D 2 (66.7)t 3 (42.9) 2 (33.3)
PD 1(33.3) 3(42.9) 4 (66.7)
NE 0 1(14.3) 0
Objective response 0.0 0.0 0.0
rate (CR+PR), %
Disease control 66.7 42.9 33.3
rate (CR+PR+SD), %
95% CIf 9.4-99.2 9.9-81.6 4.3-77.7
Duration of SD, n (%) ‘
Median, months 2.8 2.8 4.9
95% Cl - 2.8-N/A 4.2-5.6

tCarcinoid tumor of rectum; parotid tumor. fColon cancer; gastroin-
testinal stromal tumor; rectal. §Hypopharyngeal cancer; leiomyosar-
coma of inferior vena cava origin. {Binomial exact confidence interval.
Cl, confidence interval; CR, complete response; N/A, not attainable;
NE, not evaluable; PD, progressive disease; PR, -partial response; SD,
stable disease.

possibly related to olaratumab; grade 4 neutropenia lasting
>7 days; grade >3 thrombocytopenia with bleeding or requir-
ing platelet transfusions; grade >3 neutropenia associated with
fever; grade 3 or 4 non-hematologic toxicity; grade >3 skin
toxicity (despite pre-emptive and supportive care); and/or
grade >3 diarthea, nausea, or vomiting (despite pre-emptive
and supportive care). )

Dose adjustments. Dose reductions were not permitted. Dose
delays were permitted after cycle 1 for patients with non-life-
threatening, reversible grade 3—4 adverse events (AEs) that
resolved to grade <1 within 2 weeks. For these AEs, treatment
could resume within 2 weeks and could continue until PD or
other withdrawal criteria were met.

Determination of maximum tolerated dose. This trial used a
conventional 3 + 3 design. If >2 patients in cohort 1 experi-
enced a DLT, the study was to be discontinued. If >2 patients
in cohort 2 or 3 experienced a DLT, then the cohort 1 dose
was to be the maximum tolerated dose (MTD). If no MTD
was determined, both cohorts 2 and 3 were to be expanded to
six patients, with the goal of obtaining enough data for a PK
analysis.

Pharmacokinetic assessments. Serum olaratumab was quanti-
tated by using a validated ELISA. For the 10 mg/kg (cohort
1) and 15 mg/kg (cohort 3) (dosed on day 1 and day 8 every
3 weeks) q3w groups, PK samples were collected up to 168 h
post end of day 1 infusion and 336 h post end of day 8 infu-
sion. For the 20 mg/kg g2w group (cohort 2), PK samples
were collected up to 336 h post end of infusion following the
first (cycle 1, day 1) and fifth (cycle 2, day 1) infusions.
Beginning cycle 3, samples were collected prior to and 1 h
after completion of the first infusion in every subsequent cycle.
The PK parameters were calculated from individual serum
concentrations versus time profiles by noncompartmental
analysis method by using wmnNonLv (Version 5.3; Certara,
St. Louis, MO, USA). '

Pharmacodynamic  assessments. Human PDGF-AA and
PDGF-BB in sodium heparin plasma collected at pre-specified

Cancer Sci | July 2014 | vol. 105 | no.7 | 864
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time points was quantitatively determined by using an ELISA
at Intertek Laboratories (Houston, TX, USA).

For cohorts 1 and 3, PD markers were analyzed using
plasma samples (from approximately 7 mL of blood) obtained
prior to the first infusion; immediately after the first infusion;
and 1, 4, 8, 24, and 168 h following the completion of the first
infusion, prior to and 1 h following the completion of the fifth
infusion and ninth infusion, and prior to and 1 h following the
completion of the infusion every 6 weeks thereafter. A blood
sample for PD assessment was also taken at the end of study
visit.

For cohort 2, PD markers were analyzed using plasma sam-
ples obtained prior to the first infusion; immediately after the
end of the first infusion; 1, 4, 8, 24, 168, and 336 h following
the completion of the first infusion; prior to and 1 h following
the completion of the fourth infusion and seventh infusion; and
prior to and 1 h following the completion of the infusion every
6 weeks thereafter. A blood sample for PD assessment was
also taken at the end of study visit.

Safety assessments. Adverse events were coded by the Medi-
cal Dictionary for Regulatory Activities and graded according
to the National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events, Version 4.02.9%

Disease assessment. Baseline tumor burden was assessed
within 28 days prior to study registration. Patients were evalu-
ated for response according to the Response Evaluation Crite-
ria in Solid Tumors (v 1.0) after every cycle."® Confirmatory
scans were obtained >4 weeks following initial documentation
objective response.

Data and statistical analysis. The anticipated sample size was
18 patients. This sample size was based on cohort size. Data were
analyzed using sas® software (Cary, NC, USA), version 9.2.

Analysis populations. The safety population included all
enrolled patients who received any olaratumab, regardless of
study eligibility, and was based on the actual initial therapy that
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a patient received, regardless of any other cohort to which the
patient was assigned. The safety population was used for the
analysis of baseline characteristics, safety data, and efficacy
data. The MTD population included all enrolled patients who
completed cycle 1 or discontinued during cycle 1 due to a DLT.

Results

Patient characteristics and treatment. Sixteen patients at one
Japanese center received olaratumab. One additional patient
signed an informed consent form and was enrolled in the study,
but was considered a screen failure and was not treated due to
pneumonia at the time of study entry. Across all cohorts, the
median age was 60.7 years (range 35.6-71.4). The majority of
patients were male (62.5%) and had colorectal or gastric type
cancers (81.3%); all patients were Asian (Japanese). Table 1

shows the baseline demographics and disease characteristics.

Dose. The median duration of treatment was 13.1 (range
7.0-13.6), 6.0 (range 3.0-13.4), and 7.0 (range 7.0-25.1)
weeks in cohort 1 (n = 3), cohort 2 (n = 7), and cohort 3
(n = 06), respectively. The median number of infusions was 8.0
(range 4.0-8.0), 3.0 (range 2.0-6.0), and 4.0 (range 4.0-16.0)
in cohort 1, cohort 2, and cohort 3, respectively. The median
relative dose intensity was >85% in all three cohorts.

Safety. There were no DLTs in this trial; therefore, the
MTD was not reached, consistent with the previous phase I
trial. " One patient experienced an AE that met DLT defini-
tions (grade 3 olaratumab-related tumor hemorrhage), but this
event occurred outside the DLT assessment period (patient
discontinued treatment prior to the completion of cycle 1
because, in the investigator’s opinion, continued treatment was
inappropriate); thus, the event was not considered a DLT.

There were four dose delays; two occurring in cohort 2 and 1
each occurring in cohorts 1 and 3. Two dose delays were caused
by AEs in cohort 2 (grade 1 olaratumab-related proteinuria) and
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Fig. 1. Time on treatment. The duration of 0 2 6 8 10 12 14 16 18 20 22 24 26

treatment for each patient is shown.
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cohort 3 (fatigue/anorexia/weight loss). There were no infusion
interruptions. No AE led to treatment discontinuation.

All patients experienced at least one AE of any grade.
Across all cohorts and cycles, the most frequently reported
treatment-emergent adverse events (TEAEs) regardless of
causality were pyrexia (4 [25.0%]), proteinuria (4 [25.0%]),
constipation (3 [18.8%]), and anorexia (3 [18.8%]). During
cycle 1, the most frequently reported TEAEs regardless of cau-
sality were pyrexia (4 [25.0%]), constipation (3 [18.8%]), and
proteinuria (3 [18.8%]).

Table 2 shows TEAEs that were assessed as olaratumab-
related occurring through all cycles. The most common olaratu-
mab-related TEAEs were proteinuria (4 [25.0%]) and elevated
aspartate aminotransaminase (2 [12.5%]). One patient (cohort
2) had two grade 3 olaratumab-related AEs (i.e., increased
aspartate aminotransferase and tumor hemorrhage); both AEs
occurred in cycle 1.

Two serious AEs, both occurring in cycle 1, were reported
during the trial (malignant neoplasm and tumor hemorrhage).
The tumor hemorrhage was considered by the investigator to
be olaratumab-related. There were no patient deaths due to
AEs on study or within 30 days of the last olaratumab dose.
One patient (cohort 3) died due to PD, approximately
2 months after the patient’s last olaratumab dose.

(
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Fig. 2. Arithmetic mean olaratumab serum concentration versus time
profiles following the first dose (a) and multiple (b) doses of olaratu-
mab. Semi-log scales are shown in each plot. h, hour; q2w, every
2 weeks; q3w, every 3 weeks.
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Efficacy. The best overall response was SD (Table 3). The
disease control rate (CR+PR+SD) was 66.7% in cohort 1,
429% in cohort 2, and 33.3% in cohort 3. The median
duration of SD was 2.8 months in cohort 1 and cohort 2, and
4.9 months in cohort 3.

Of the seven patients with a best response of SD, two
patients in cohort 3 experienced disease stabilization
>4 months; these patients- had hypopharyngeal cancer
(4.2 months) and leiomyosarcoma of inferior vena cava origin
(5.6 months). The others experienced disease stabilization that
lasted approximately 2.8 months each. Figure 1 shows time on
treatment for each patient.

Pharmacokinetics. Non-compartmental PK analysis was con-
ducted for three patients from cohort 1, six patients from
cohort 2, and six patients from cohort 3; one patient was
excluded from PK analysis due to a dosing error (protocol
deviation). The mean serum concentration versus time profiles
following the first and multiple doses of olaratumab infusion
are shown in Figure 2(a,b) respectively. The second peak,
occwring at approximately 169 h for the 10 mg/kg (cohort 1)
and 15 mg/kg (cohort 3) dose groups, is associated with the
second infusion of olaratumab given on day 8 (168 h).

The PK parameters following the first infusion and multiple
infusions of olaratumab at 10 mg/kg q3w (cohort 1), 15 mg/kg
g3w (cohort 3), and 20 mg/kg q2w (cohort 2) are summarized
in Table 4. After a single infusion, PK parameters, including
area under the serum concentration versus time curve from zero
to infinity (AUC(), total body clearance of drug calculated
after intravenous administration (CL), and terminal phase
volume (V,), were not calculated for the 10 mg/kg (cohort 1)
and 15 mg/kg (cohort 3) dose groups; the terminal elimination
ti» was calculated following day 8 infusion because of the
unique dosing schedules. of these cohorts (patients received first
infusion on day 1 and second infusion on day 8 q3w). The indi-
vidual terminal elimination t;, following the first and multiple
doses ranged from 4.42 to 9.38 days and 4.06 to 8.83 days,
respectively, across all dose groups .and dosing schedules. Due
to the relatively short PK sampling time (336 h) post end of
infusion, the true terminal elimination phase may not have been
completely captured and accurately estimated. Therefore, 7y,
and its associated parameters, including AUC, and CL,
should be interpreted with caution. The olaratumab maximum
observed serum drug concentration (Cpay) following the first
infusion appeared to increase with dose.

Individual serum concentration-time profiles exhibited a
multi-phasic decline (data not shown). Following the multiple
doses (fifth dose for the 10 mg/kg [cohort 1] and 15 mg/kg
[cohort 3] dose groups.and fourth dose for the 20 mg/kg [cohort
2] dose group), individual serum concentrations were higher than
the first dose, reflecting some accumulation of olaratumab
following multiple infusions (individual patient accumulation
ratio, calculated using AUC [R,, AUC] ranged from 1.30 to
1.72) (data not shown). :

Following multiple infusions of olaratumab at 10 mg/kg
q3w and 20 mg/kg q2w, the geometric mean trough concen-
trations (C,s) Were close to or above the target trough concen-
tration (155 pg/ml) associated with antitumor activity in
preclinical xenograft studies.** However, olaratumab infusion
at 15 mg/kg q3w generated geometric mean pre-dose serum
concentrations above 155 pg/mlL (target trough concentration)
throughout the study (Table 4).

Comparative analyses of clearance (steady state clearance;
CLss) and exposure (area under the concentration versus time
curve during one dosing interval; AUCT), following multiple
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Table 4. Summary of olaratumab pharmacokinetic parameters
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Geometric mean (CV%)}

Regimen 10 mg/kg (N = 3)1,§ 15 mg/kg (N = 6)§ 20 mg/kg (N = 6)
q3w q3w q2w

After the first dose
Crnax (Hg/mL) 362.322; 436.172 587 (40) 735 (29
tmax (WTT 1.20; 1.73 1.45 (1.18-9.14) 2.22 (1.27-3.28)Y
Clast (ng/mL) 203.320; 176.762 173 (46) 110 (19)
AUCg 165 (g/h/ml) NC 48 000 (47)§§ 63 400 (21)
AUC(o11as0) (1g/h/mL) 35 500; 35 600 43 600 (45) 92 500 (20)11
AUCig_.ry (ng/h/ml) NC NC 126 000 (12)§
t12 (days)ii 5.33; 6.38 7.29 (6.04-9.38)%y 6.42 (4.42-8.00)y
CL (mL/h/kg) NC NC 0.159 (12)§

Geometric mean (CV%)t

Regimen 10 mg/kg (N = 3)fi 15 mg/kg (N = 6)i7111 20 mg/kg (N = 6)17
q3w g3w q2w

After multiple doses
Crnax (ng/ml) 658.391; 546.854§§§ 920.8325§5 1160 (91)
tmax (W11 1.74; 2.21§§8 2.18§§§ 2.21 (1.70-3.30)
Clast (Rg/mL) 151.101; 121.188 360.948 181 (37)
AUCq 163 (ng/h/mL) 53 500; 44200 82 800 77 400 (30)
AUC, (pg/h/mL) NC NC 123 000 (29)979
iz (days)iif 4.06; 7337711 8257111 7.33 (5.42-8.83)
Clgs (mL/h/kg) NC NC 0.163 (29)
Ra (AUQTELE 1.55 1.38 1.46 (15)

1The single value is reported when n = 1; values are separated by semicolon when n = 2. in = 2 for all parameters. One patient, whose samples
were not collected for the initial 168 h, was excluded from PK analysis. §Crnax Claste AUCo_168, and AUC;_ya.q are calculated following the first
infusion (day 1) and t5, is calculated following the second infusion (day 8) in day-1 and day-8 dosing in 21-day cycles (g3w). In = 5. {iMedian
(range). {iGeometric mean (range). §§n = 4. §{n = 3. {{TPatient received first infusion on day 1 and second infusion on day 8 in 21-day cycles
(q3w). tiin = 1 for all parameters. §§8Cmax tmax, and AUC1¢sy are calculated following the first infusion (day 1) in day 1 and day 8 dosing in
21-day cycles (q3w). {{{Dosing interval (1) is 336 h. 7{7it1 is calculated following the second infusion (day 8) in day 1 and day 8 dosing in 21-
day cycles (q3w). 1ijiintercycle accumulation of olaratumab calculated as AUC(g_soa (Cycle 2)/AUC soq (Cycle 1) for 10 and 15 mg/kg (g3w)
and AUC a3 (Cycle 2)/AUC.a36) (Cycle 1) for 20 mg/kg (q2w). AUCe 168, area under the concentration versus time curve from zero to 168 h;
AUCg_336), area under the concentration versus time curve from zero to 336 h; AUCp_se4) area under the concentration versus time curve from
zero to 504 h; AUCy..,, area under the serum concentration versus time curve from zero to infinity; AUC(.uasty, area under the concentration
versus time curve from zero to time t, where t is the last scheduled sampling time point with a measurable drug concentration; AUC,, area under
the concentration versus time curve during one dosing interval; Cag last quantifiable serum drug concentration; Cuax maximum observed serum
drug concentration; CL, total body clearance of drug calculated after intravenous administration; Clg, total body clearance of drug calculated
after intravenous administration at steady state; CV, coefficient of variation; N, number of patients with assessable PK; NC, not calculated; PK,
pharmacokinetic; 2w, every 2 weeks; q3w, every 3 weeks; R,, accumulation ratio; ty,;, terminal elimination half-life; ¢y time of maximal con-

centration.

infusions of olaratumab 20 mg/kg q2w, were conducted
between this study of Asian patients and the US phase 1 study
of non-Asian patients."* The results of this analysis are pre-
sented in Figure 3. As shown in the figure, the PK parameters
CLss and AUCt appear to be comparable between Asian and
non-Asian patients. However, due to the small sample size, a
statistical analysis was not conducted.

Circulating biomarkers. For PDGF-BB, all samples were below
the limit of quantitation, so no further analysis was performed.

Prior to the initial olaratumab dose, the median PDGF-AA
expression was 11.30 ng/mL for cohort 1, 11.00 ng/mlL for

cohort 2, and 17.35 ng/mL for cohort 3. Until 24 h following -

the first infusion, the median PDGF-AA expression increased
to 42.15, 62.35, and 48.18 ng/mL for cohort 1, cohort 2, and
cohort 3, respectively. However, no trend was identified for
the biomarker level change over time for any cohort at later
time points. When analyzed by patient, the best overall
responses did not seem to be related to the largest change from
baseline in PDGF-AA (data not shown).
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Discussion

Inhibitors of the PDGF/PDGFR axis are being sought as anti-
cancer agents.""'® Most of these agents are small molecule
TKIs that inhibit multiple kinases and have complex toxici-
ties. ' W121718) Monoclonal antibodies specifically targeting
PDGFR are expected to offer an advantage in terms of speci-
ficity and minimizing AEs.

This is the first report of the use of olaratumab, a fully
human IgGl monoclonal antibody that selectively binds
human PDGFRa,® in Japanese cancer patients. As an IgGl
antibody, olaratumab has the potential to induce antibody-
dependent cellular cytotoxicity;( < however, this has not been
experimentally tested. This report follows an earlier report of a
phase I trial conducted in the United States.!® In the current
report, 16 Japanese patients with advanced solid tumors, who
had not responded to standard therapy or for whom no
standard therapy was available, were treated with olaratumab
in an open-label, dose-escalation, phase 1 trial. This study met

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 3. Comparison of PK parameters clearance and exposure
between non-Asian and Asian patients following multiple infusions of
olaratumab. Shown are Clss (circles) and AUC, (triangles) for the
20 mg/kg-every-2-weeks groups. White circles (O) = CLss, non-Asian
patients; black circles (®)=CLss, Asian patients; white triangles
(a) = AUC,, non-Asian patients; black triangles (A) = AUC, ‘Asian
patients. AUC,, area under the concentration versus time curve during
one dosing interval; Clss, total body clearance of drug calculated after
intravenous administration at steady state.

its objectives to establish the safety and PK profile of olaratu-
mab.

In this trial, most AEs were mild to moderate in severity.
The most frequently reported olaratumab-related AEs were
proteinuria (25.0%) and increased aspartate aminotransferase
(12.5%). These AFEs were distributed across the three cohorts,
and thus did not appear to be dose-related. There were only
two grade 3 olaratumab-related non-laboratory AEs (elevated
aspartate transaminase and tumor hemorrthage) during the trial,
both occurring in cycle 1 and in the same patient. No infusion
reactions or interruptions were reported and the majority of
patients in the safety population received a relative dose inten-
sity of at least 80%.

In this trial, no fluid retention, ascites, or edemas were
reported. The PDGFR may be involved in the control of inter-
stitial fluid pressure through PDGF-BB.?? The use of small
molecule multi-kinase TKIs that inhibit PDGFR is sometimes
associated with fluid retention,*”'® and blockade of PDGFRp
in cancer patients by a humanized, pegg/lated di-Fab was asso-
ciated with ascites and fluid retention.®" Fluid retention was
not observed in our trial with selective PDGFRo blockade,
even in patients with prolonged exposure (up to 25 weeks).
This observation supports the hypothesis that PDGFRa is less
likely to be involved in the fluid retention observed with non-
specific PDGFR blockade by small molecules or with a selec-
tive PDGFRp blockade.

In this trial, there were no DLTs and the MTD was not

reached, which is consistent with the previous US trial. 0%

Over the three dose ranges, olaratumab had an acceptable
safety profile and was well tolerated in this patient population.

Based on the PK concentration profile of olaratumab, the
trough concentrations following single and multiple doses of
olaratumab at 15 mg/kg on days 1 and 8 every 3 weeks
(cohort 3), and multiple doses at 20 mg/kg every 2 weeks
(cohort 2), were above 155 pg/mlL, the concentration that was
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efficacious in preclinical xenograft studies.’* Thus, olaratu-
mab dosed at 15 mg/kg on days 1 and 8 every 3 weeks and at
20 mg/kg every 2 weeks could represent an acceptable sche-
dule for future trials in Japanese patients. Based on the com-
parative analysis of both the clearance (CLss) and exposure
(AUCrt), the observed PK in the Asian patient population
appears to be similar to the non-Asian patient population
observed in the previous US phase T trial.**

The best overall response in this trial was SD, achieved by 7
of 16 patients (43.8%).- Of these seven patients, four had
tumors that were located in the gastrointestinal tract; the
remaining three patients had tumors of diverse origins. Two
patients, both in cohort 3, experienced disease stabilization
>4 months (hypopharyngeal cancer [SD = 4.2 months]) and
leiomyosarcoma of inferior vena cava origin [SD = 5.6
months]), which indicates some preliminary antitumor activity.

In nude mice, treatment with olaratumab inhibited the
growth of human glioblastoma (U118) and leiomyosarcoma
(SKLMS-1) xenografts and decreased the amount of tumor-
associated phosphotyrosyl-PDGFRo.  in the glioblastoma
model."® In cultured cells, olaratumab inhibited PDGE-
induced mitogenesis, PDGFRo autophosphorylation, and the
phosphorylation of downstream signaling molecules. At this
time, it is not known if the same changes occur in patient
tumors or whether pharmacologically active concentrations can
be achieved in human tumor tissue. Our trial showed that the
median plasma PDGF-AA expression increased for 24 h after
the first infusion in all three cohorts, but no trend was noted at
later time points and best overall responses seemed unrelated
to the largest change in PDGF-AA from baseline. Because bio-
marker studies were not performed in the US trial, compari-
sons cannot be made with this trial; nonetheless, an increase in
PDGF-AA may be a compensatory mechanism that results
from PDGFRa inhibition and/or sequestration.

Based on its safety and preliminary efficacy in this trial and
the previous phase 1 trial,"* olaratumab has advanced to
phase II trials. Olaratumab is being tested as monotherapy and
in combination with other agents in several tumor types.
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The phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian
target of ra(pamycin (mTOR) pathway is frequently acti-

D and is implicated in the maintenance of a
tumorigenic phenotype, tumor progression and resistance to
Oncogenic pathway activation can
occur through multiple mechanisms, including overexpression
or activation of upstream receptor tyrosine kinases, or genetic
alteration of individual pathway components. For example,
activating mutations in the PIK3CA gene, which encodes the
p110a isoform of the PI3K class IA catalytic subunit, are com-
monly found in cancer.® Given its pivotal role in cancer
development and progression, pharmacologic inhibition of
PI3K is currently being investigated as a potential therapeutic

vated in cancer,

anticancer therapy.®™

strategy for a range of tumors.

Buparlisib (BKM120) is an oral pan-phosphatidylinositol 3-kinase inhibitor, target-
ing all four isoforms of class I PI3K (o, B, v and 8). This open-label Phase | dose-esca-
lation study was conducted to determine the maximum tolerated dose of
continuous daily buparlisib in Japanese patients with advanced solid tumors.
Secondary objectives included safety and tolerability, pharmacokinetics, antitumor
activity and pharmacodynamic marker changes. Fifteen patients were treated at
25 mg/day (n = 3), 50 mg/day (n = 3) and 100 mg/day (n = 9) dose levels. One
dose-limiting toxicity of Grade 4 abnormal liver function occurred at 100 mg/day.
Considering the safety profile and the maximum tolerated dose in the first-in-man
study of buparlisib in non-Japanese patients, further dose escalation was stopped
and 100 mg/day was declared the recommended dose. The most common treat-
ment-related adverse events were rash, abnormal hepatic function (including
increased transaminase levels), increased blood insulin levels and increased eosino-
phil count. Hyperglycemia was experienced by two patients, one Grade 1 and one
Grade 4, and mood alterations were experienced by three patients, two Grade 1
and one Grade 2. Pharmacokinetic results showed that buparlisib was rapidly
absorbed in a dose-proportional manner. Best overall response was stable disease
for six patients, including one unconfirmed partial response. In these Japanese
patients with advanced solid tumors, buparlisib had a manageable safety profile,
with similar pharmacokinetics to non-Japanese patients. The recommended dose
of 100 mg/day will be used in future studies of buparlisib in Japanese patients.

single-agent bLBparlisib given on a continuous daily schedule
was 100 mg."? Dose-limiting toxicities (DLT) occurred in
seven of 30 evaluable patients, including egigastralgia, skin
rash, mood alteration and hyperglycemia.*® In the safety
expansion portion of the trial (n = 66), buparlisib was well tol-
erated with a minority of patients experiencing Grade 3/4
adverse events (AE).V

The primary objective of this open-label Phase I dose-esca-
lation study was to determine the MTD of oral buparlisib on a
continuous daily schedule in adult Japanese patients with
advanced solid tumors. Secondary objectives included assess-
ments of safety and tolerability, characterization of the phar-
macokinetic profile, evaluation of preliminary  antitumor
activity and changes in pharmacodynamic markers (as a mea-

Buparlisib (BKM120 [Novartis Pharma AG, Basel, Switzer-
land]) is an oral pan-PI3K inhibitor that targets all four iso-
forms of class I PI3K (o, B, v and 8).” Buparlisib has
demonstrated antiproliferative, pro-apoptotic and antitumor
activity in cancer cell lines and tumor xenograft models, as a
single agent® and in combination with other anticancer
therapies.(7_9) In a first-in-man Phase I study in predominantly
European and US patients with advanced solid tumors
(NCT01068483), the maximum tolerated dose (MTD) of

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-
commercial and no modifications or adaptations are made.

sure of PI3K inhibition) of buparlisib.

Materials and Methods

Patient eligibility. Japanese patients >20 years of age with
histologically confirmed, advanced, unresectable solid tumors
whose disease had progressed, or who were unable to tolerate
standard therapy, or for whom no standard therapy existed
were eligible. Other key inclusion criteria include: one
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measurable or ‘non-measurable lesion according to Response
Evaluation Criteria In Solid Tumors (RECIST) v1.0; an East-
ern Cooperative Oncology Group performance status <2; life

expectancy =12 weeks; adequate bone marrow, hepatic and

renal functions; fasting plasma glucose levels. <140 mg/dL
(7.8 mmol/L); a negative pregnancy test <7 days of starting
treatment for pre-menopausal and peri-menopausal women;
and availability of a representative archival or fresh tissue
specimen. Key exclusion criteria were: prior treatment with a
PI3K inhibitor; clinically significant chronic liver disease;
medically documented history of, or active, major mood or
psychiatric disorder, or Common Terminology Criteria for
Adverse Events (CTCAE) Grade >3 anxiety; and clinically
manifest diabetes mellitus or a history of gestational diabetes
mellitus.

The study protocol was reviewed by regulatory authorities
and- approved by the ethics committees of all participating
institutions. All patients provided written informed consent
prior to- any study assessments being performed. The study
was conducted in accordance with the Declaration of Helsinki,
guidelines for Good Clinical Practice as defined by the Interna-
tional Conference on Harmonization, and the Japanese Minis-
try of Health, Labour and Welfare.

Study design and treatment. In this Phase I open-label dose-
escalation study (CBKM120X1101; NCT01283503), oral bup-
arlisib was administered once daily, on -a continuous schedule
in 28-day cycles, starting at 25 mg/day. Patients received bup-
arlisib until disease progression, unacceptable toxicity, investi-
gator’s decision or patient’s withdrawal of consent.

An adaptive Bayesian logistic regression model (BLRM)
with overdose control (EWOC) was used to guide dose escala-
tion.!*'® The MTD was defined as the highest drug dosage
not causing medically unacceptable. DLT in more than 33% of
treated patients during Cycle- 1, which also satisfied the BLRM
EWOC criteria.  The population for MTD determination (the
dose-determining set) consisted of patients treated for >21 days
in Cycle 1, or who discontinued earlier due to a DLT. Patients
who did not experience a DLT in Cycle 1 were observed for
>28 days after the first dose, and completed all safety evalua-
tions required for dose-determining decisions. To ensure the
MTD recommendation was accurate, before a drug dosage
could be declared, at least 15 patients eligible for the dose-
determining set had to be enrolled, including at least six eligi-
ble patients receiving the estimated MTD. Intra-patient dose
escalation was not permitted within the first four treatment
cycles. The MTD was planned to be determined using the
BLRM recommendation, plus a medical review of available
clinical, pharmacokinetic and laboratory data.

Definition of dose-limiting toxicity. Dose-limiting toxicities
were assessed using the National Cancer Institute’s CTCAE
v3.0, and defined as AE or abnormal laboratory values that
occurred within Cycle 1 and were suspected to be related to
buparlisib. In addition, a DLT had to meet any of the criteria
described in Table SI.

Safety and antitumor activity assessments. All patients who
received at least one dose of the study drug and had at least
one post-baseline safety assessment were eligible for safety
evaluation. Routine clinical and laboratory assessments were
conducted at baseline, and throughout the study. Other safety
assessments included electrocardiogram and regular adminis-
tration of a patient self-rating mood questionnaire (nine-item
patient health questionnaire; PHQ-9).

Adverse events were collected continuously from the first
dose to 4 weeks following the last dose of buparlisib, and
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graded using CTCAE v3.0 unless otherwise stated (Table S2).
Mood alterations were defined as all AE belonging to one of
the: following MedDRA high-level. group terms: mood disor-
ders and disturbances, not elsewhere classified, and psychiatric
and behavioral symptoms, not elsewhere classified.

“Assessments of preliminary antitumor activity were per-
formed in all patients who had received at least one dose of
buparlisib.. Radiologic response was measured by computed
tomography (CT) or MRI according to RECIST v1.0 at base-
line, at the end of Cycle 2 and every 8 weeks thereafter.

Pharmacokinetic and pharmacodynamic assessments. Blood
was sampled for pharmacokinetic assessments after overnight
fasting pre-dose, and 0.5, 1, 1.5, 2, 3, 4, 6, 8 and 24 h post-
dose on Days 1, 8§ and 28 of Cycle 1, and pre-dose and 2-4 h
post-dose on Day 1 of every other cycle from Cycle 3. Plasma
samples were assayed using a validated liquid chromatogra-
phy-tandem mass spectrometry assay (limit of quantitation was
0.25 ng/mL using 0.1 mL of plasma). Pharmacokinetic param-
eters, including the time of maximum buparlisib plasma con-
centration (T},,,), maximum plasma concentration of buparlisib
(Cmax), area under the concentration-time curve over 24 h
(AUCq 44), buparlisib half-life (Ty;) and the accumulation
ratio (Racc), were determined using a non-compartmental
method.

Time-dependent changes in glucose metabolism markers
(fasting plasma glucose, insulin and -C-peptide levels) were
collected pre-dose, and 0.5, 1, 2, 4 and 24 h post-dose at base-
line (Cycle 1 Day 1), and then at Cycle 1 Days 8 and 28.

Follow up. Patients whose treatment was interrupted or
permanently discontinued due to a DLT, a study-related AE or
an abnormal laboratory value were assessed at least once per
week for 4 weeks and subsequently at 4-week intervals until
resolution or stabilization of the event. Patients who required a

dose delay >21 days from the last dose were discontinued from

the study, and were followed for toxicities. Patients who discon-
tinued study treatment were followed for AE and serious adverse
events (SAE) for 28 days following the last dose of buparlisib.

Results

Patient characteristics. Fifteen patients were enrolled at two
centers in Japan between October 2009 and October 2011
(Table 1). All 15 patients received at least one dose of buparli-
sib and so were evaluable for safety and preliminary efficacy.

Dose escalation and maximum tolerated dose. All 15 patients
were evaluable for MTD determination. Of these, three
patients were each allocated to the 25 and 50 mg/day dose
cohorts, and nine patients to the 100 mg/day cohort. One DLT
was reported in the study; this was Grade 4 abnormal liver
function, which showed elevated liver function tests on Day 28
of Cycle 1, in a patient treated at 100 mg/day. Buparlisib was
temporarily interrupted, but the patient did not resume study
drug due to progressive disease and discontinued from the
study. Recovery occurred approximately 1 month after onset.
This DLT was the only incidence of Grade 3/4 abnormal liver
function reported in Cycle 1, regardless of duration. The
BLRM permitted a further dose increase to 150 mg/day, but
considering safety information other than DLT, and the non-
Japanese recommended Phase II dose, 100 mg/day was
declared as the recommended dose (RD), instead of the MTD,
for use in future buparlisib studies in Japanese patients.

Safety and tolerability. The median duration of exposure to
buparlisib was 56 (range: 28-167) days in all patients and 37
(range: 28-129) days in patients receiving 100 mg/day. One
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Table 1. Baseline patient characteristics

Buparlisib
Characteristic 25 50 100 AN
mg/day mg/day mg/day i
n=15
n=3 n=3 n=9 o
Median age, 66 (44-67) 47 (22-66) 58 (35-71) 58 (22f71) e
years (range) e
Sex, n .
Male 2 3 7 12
Female 1 0 2 3.
ECOG performance status, n ;
0 3 2 5 10
1 0 1 4 5
Prior antineoplastic regimens, n .
Number 0 (0-3) 5 (3-5) 4 (0-9) 3 (0-9)
of prior
antineoplastic
medication
regimens,
median (range)
Number of 0 1 5 6
patients
with >3 prior
antineoplastic
medication
regimens
Primary site of tumor, n
Rectum - 0 0 3 3
Salivary 2 0 1 3
gland
Head and 0 1 1 2
neck
Colon 0 1 1 2
Breast 0 0 1 1
Esophagus 0 0 1 1
skin 1 0 0 1
melanoma ‘
Peripheral 0 1 0 1
nerve
sheath
Unknown 0 0 1 1

ECOG, Eastern Cooperative Oncology Group.

patient had their dose reduced from 100 to 50 mg/day due to
abnormal hepatic function, which occurred in Cycle 3. A total
of 11 patients required dose interruptions due to AE.

All 15 patients experienced at least one AE suspected to be
related to buparlisib (Table 2). Drug-related Grade 3/4 AE
were abnormal hepatic function (including increased ALT
/AST, n = 6) and anemia (n = 2). Mood alteration was experi-
enced by 3 patients treated at 100 mg/day (all Grade 1 or 2);
one patient was treated with tranquillizers; treatment was not
required in the other two patients. No dose reductions or trial
withdrawals resulting from mood alterations occurred.

Six patients treated at 100 mg/day experienced at least one
SAE: abnormal hepatic function (Grade 3/4; including
increased ALT/AST levels, n = 3), pneumonitis (Grade 3;
n = 1), dyspnea (Grade 2; n = 1) and hyperglycemia (Grade 4;
n = 1), infectious pneumonia (Grade 2; n =1), delirium
(Grade 2; n = 1) and hemorrhage (Grade 4; n = 1). With the
exceptions of delirium and hemorrhage, these SAEs were all
considered related to buparlisib. Two patients, both in the
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Table 2, Study drug-related adverse events by treatment cohort and
Grade ‘ i :

Buparlisib
© 25mg S0mg  100mg
Adverse events, nt - /day /day .~ /day s
| ' ‘h=3 E;n,=15

n=3 n=9

Al G3/4 Al G3/4 All G3/4 All G3/4

Rash .0 0o 0 o0 7 0 7 0
Abnormal hepatic =~ 2 2 -0 0 4 4 6 6
fun'di'bn/incféaSed :
transaminase levels

Increasedblood 0 0 1 0 5 0 6 0
insulin levels = e :

Increased ] 0.0 0 3 0 -6 .0
“eosinophil count i
Increased blood
C-peptide levels
Pruritus 0
Decreased appetite 0
0
0

(]
(=]
-
o
w
o
N
o

Fatigue

Prolonged activated
partial
thromboplastin
time

Anemia 0 0 0 0 3 2 3 2

Mood alteration 0 o] 4] 4] 3 0 3 0

o O 0O O
-0 O -
[= 3R e i«
N B w
o O o o
w oA~ N
feo I e B e B o §

tAdverse events (any Grade) reported in >3 patients; and all Grade
3/4 events considered related to the study drug. G, Grade.

100 mg/day cohort, died during the study period (i.e. includ-
ing the time on treatment and the safety follow-up period) as a
result of SAEs (hemorrthage and pneumonitis). The patient
with hemorrhage died 5 days after discontinuation of buparli-
sib due to a fistula in one of the cancer lesions resulting from
tumor necrosis (Fig. 1): this was considered unrelated to bup-
arlisib. A 71-year-old male patient died from aggravation of
pneumonitis (Grade 5) 11 days after discontinuing buparlisib,
for which a relationship to the study drug could not be ruled
out. This patient was a non-smoker, with a diagnosis of adeno-
carcinoma of the rectum, multiple metastases, including the
lung, pleura and lymph nodes, and a left pleural effusion,
which was detected by a CT scan prior to study enrollment. A
CT scan taken 32 days after the first dose of buparlisib admin-
istration showed pneumonitis and worsening disease with
increased left pleural effusion. At the time of onset, infectious
pneumonitis was suspected rather than interstitial pneumonia.
Despite antibiotic - treatment, the patient’s condition remained
unchanged. When a follow-up. CT examination was performed
10 days after the last dose of buparlisib, ground glass opacities
were found. The patient’s respiratory function deteriorated
abruptly, and the patient died the following day.

Five patients discontinued the study ‘due to AE. In four
patients, AE leading to discontinuation were considered related
to the study treatment: abnormal hepatic function (including
increased ALT/AST; two patients receiving 25 mg/day and 1
receiving 100 mg/day), and increased lipase levels (one
patient receiving 100 mg/day). The remaining 10 patients dis-
continued due to disease progression. :

Antitumor activity. The best overall response was stable dis-
ease for six patients and progressive disease for seven patients
(Table 3; Fig. 2). The best percentage change from baseline in
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Baseline

Cycle 4 Day 25

Table 3. Activity of oral buparlisib in Japanese patients with
advanced solid tumors according to response evaluation criteria in
solid tumors v1.0

Buparlisib

Clinical activity,
n (%) 25 mg/day 50 mg/day 100 mg/day All

n=3 n=3 n=9 n=15
Complete response 0 0 0 0
Partial response 0 0 0 0
Stable disease 2 (66.7) 1(33.3) 3(33.3)1 6 (40.0)
Disease 1(33.3) 2 (66.7) 4 (44.4) 7 (46.7)
progression
Unknown 0 0 2 (22.2) 2 (13.3)

tIncludes one patient with unconfirmed partial response.

target lesions for all patients is also shown in Fig. S1. The

duration of stable disease ranged from 55 to 116 days. The

disease control rate, defined as rates of complete response plus

partial response plus stable disease, was 40%.

: Pharmacokinetic and pharmacodynamics analyses. Pharmaco-
kinetic data were obtained from all 15 patients, apart from at

www.wileyonlinelibrary.com/journal/cas

Fig. 1. Antitumor activity with buparlisib (100 mg
/day) in a patient with head and neck squamous
cell carcinoma and metastasis to the neck lymph
node. A 58-year-old male patient experienced a
76% reduction in neck lesion size (from 59 mm at
baseline to 14 mm in Cycle 4). As the second
confirmation according to Response Evaluation
Criteria In Solid Tumors was not obtained, this
unconfirmed partial response was recorded as
stable disease. The left internal carotid artery was
compressed and narrowed by the tumor. During
study treatment, fistulae developed in the skin of
the neck region followed by arterial hemorrhage
from the rapidly degraded tumor lesion. Although
the patient recovered and restarted buparlisib at
50 mg/day in Cycle 5, they eventually died from
hemorrhage 5 days after buparlisib discontinuation,
which was considered unrelated to the study drug.
Sequential images of computed tomography scans
taken at baseline and on Cycle 4 Day 25 are shown.
The arrow marks the region of interest.

Cycle 1 Day 8 in two of the nine patients receiving buparlisib
100 mg/day (Table 4). Buparlisib was rapidly absorbed, achiev-
ing Cpax 1.0-1.5 h post-dose, as demonstrated by the T',,. val-
ues obtained on Days 1, 8 and 28 of Cycle 1 (Table 4; Fig. S2).
At the MTD, buparlisib accumulated 2.8-fold on Cycle 1 Day 8
and 2.9-fold on Cycle 1 Day 28 compared with Cycle 1 Day 1,
which was consistent with a half-life of approximately 40 h.
Doses of buparlisib >50 mg/day led to steady-state exposure
levels 210 000 ng*h/mL, which are estimated to be efficacious
based on preclinical studies. Cy,ax and AUCq p4 of buparlisib
increased dose proportionately by 25-100 mg/day.

Modest time-dependent increases in glucose metabolism
markers were observed with buparlisib treatment (see support-
ing information).

Discussion

This Phase I dose-escalation study evaluated the MTD of con-
tinuous once-daily buparlisib in Japanese patients with
advanced solid tumors. Instead of the MTD, the RD of single-
agent buparlisib was declared as 100 mg/day. Although the
BLRM allowed higher doses to be evaluated, the decision to

Days on trial
0 20 40 60 80 100 120 140 160 180
) ! . L L L . 1 3
01 Salivary gland 4 ]]sp
02 Skin melanoma - |PD

03 Salivary gland 4 ] sD

04 Peripheral nerve sheath

05 Head and neck
06 Colon

07 Rectum

08 Rectum

09 Esophagus

10 Rectum

Patients enrolled

11 Breast

12 Salivary gland
13 Unknown

14 Head and neck
15 Colon
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SD, death (hemorrhage)

D 25 mg/day
I 50 mgiday
. 100 mg/day

[:] Interruption

Fig. 2. Duration of buparlisib treatment according
to dose and radiologic response. Study participants
are shown according to primary tumor site,
buparlisib dose, days on trial and tumor response
according to Response Evaluation Criteria In Solid
Tumors v1.0. PD, progressive disease; SD, stable
disease; UNK, unknown.
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Table 4. Pharmacokinetic profile of oral buparlisib in adult Japanese patients with advanced solid tumors in Cycle 1
Dose (mg/day) Day n Tonax (N) Crax (Ng/mL) AUCq 54 (ng*h/mL) Tip ()T Racc
25 1 3 1.00 289 (45) 2060 (474) 36.8 (9.2) —
8 3 1.00 549 (275) 4640 (1230) 43.8 (NR) 2.25 (0.15)
28 3 1.00 530 (131) " 6800 (3040) NR 3.20 (0.67)
50 1 3 1.02 595 (212) 3830 (834) NR —
8 3 1.10 738 (221) 9550 (3200) NR 2.58 (1.16)
28 3 1.50 767 (121) 11400 (3320) NR 3.09 (1.29)
100 1 9 1.50 1080 (331) 8800 (1530) 30.6 (9.6) —
8 7 1.02 1930 (560) 24300 (6190) 39.5 (25.2) 2.78 (0.66)
28 9 2.98 1790 (503) 25000 (7950) 41.8 (16.9) 2.87 (0.83)

AUCq 54, area under the curve from 0 to 24 h; Cy,ax maximum plasma concentration; NR, not reported; Racc, accumulation rate (AUC [Day 8]/AUC
[Day 1] or AUC [Day 28]/AUC [Day 11); Ty, half-life; Trax time at which maximum plasma concentration is achieved. Values are presented as med-
jan for Tmax and mean (standard deviation) for other parameters. tFor Ty, analysis, for the 25-mg/day dose, n = 2 on Day 1 and n =1 on Day §;

for the 100 mg/dose n =4 on Day 1, n = 3 on Day 8, and n = 2 on Day 28.

halt dose escalation and declare the RD was made on the basis
of comparable pharmacokinetics with non-Japanese patients
‘enrolled in the first-in-man study,"'?’ and the safety profile of
buparlisib in Japanese patients in this study. Therefore, the RD
of once-daily buparlisib in Japanese patients with advanced
solid tumors is the same as the MTD for buparlisib in the first-
in-man study.t'®

Buparlisib was generally well tolerated, with an AE profile
reflective of on-target inhibition of the PI3K/Akt/mTOR path-
way. The most common treatment-related AE were rash,
abnormal hepatic function (including increased ALT/AST lev-
els), increased blood insulin levels and increased eosinophil
count, which are consistent with those AE reported in the first-
in-man study,®® and for other pan-PI3K inhibitors.**'® One
DLT of abnormal liver function was reported in a patient in
Cycle 1, and five further cases of Grade 3/4 abnormal hepatic
function (including increased ALT/AST levels) were reported
in Cycle 2 and thereafter. The hepatic toxicity was managed
based on the Manual for Drug-Induced Liver Injury by the
Ministry of Health, Labour and Welfare (Japanese Health
Authority) guidelines"'” and the Guidance for Industry, Drug-
Induced Liver Injury of the FDA.M® Liver toxicity is consid-
ered to be a class effect of PI3K/Akt/mTOR pathway inhibi-
tors. 181929 Tp clinical trials of PI3K inhibitors, liver enzyme
abnormalities have been observed with varying frequencies. In
a Phase I study investigating the PI3K inhibitor PX866,
Grade 3 AST elevations were observed in two of 84
patients.*® In another Phase I study of the PI3K/mTOR inhib-
itor BGT226 in 57 patients with advanced solid tumors and
lymphoma, AST elevations were the most frequently observed
Grade 2 or higher biochemical abnormality (n =9 Grade 2;
n=3 Grade 3).9” In the first-in-man study of buparlisib,
Grade 3/4 liver toxicities (including transaminase increase and
hyperbilirubinemia) were observed in nine patients (11%;
mostly at 100 mg/day), and did not result in DLT.MD Tt is
unknown whether differences in the occurrence of severe
liver toxicity are significant between Japanese and non-
Japanese patients because of the small sample size of this
study, and potential differences in tumor types and treatment
history. It is also unclear whether abnormal hepatic function is
related to pharmacokinetic exposure to buparlisib. Incidences
of abnormal hepatic function will be monitored in Phase II/III
trials.

Hyperglycemia is another class effect of PI3K inhibitors due
to the central role of PI3K/Akt/mTOR pathway in glucose
homeostasis regulation.”” Inhibition of PI3K can lead to
increased blood glucose levels by disrupting insulin signaling,
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inhibiting glycogen synthesis and reducing peripheral glucose
uptake.®"* Grade 4 hyperglycemia was observed in one
patient receiving 100 mg/day in Cycle 2. In the first-in-man
study, Grade 3/4 hyperglycemia occurred in three patients
(9%), including two DLT at 150 mg/day.*" Clinical experi-
ence of buparlisib has shown that hyperglycemia can be man-
aged with standard antidiabetes drugs, including metformin,
and subcutaneous insulin where necessary.'® An in vivo study
has suggested that fasting prior to drug administration and a
low carbohydrate diet may reduce the extent of h?/perglycemia
caused by PI3K/Akt/mTOR pathway inhibition.*"

Glucose metabolism markers have been proposed as pharma-
codynamic markers of PI3K inhibition. In this small study,
there was a non-significant trend towards increased plasma
glucose, C-peptide, and insulin levels with increasing concen-
trations of buparlisib.- As no patient with diabetes participated
in the study, the change in insulin levels reflected C-peptide
levels as expected. Some patients in the 100 mg/day cohort
showed increased glucose levels, but this was not thought to
be associated with buparlisib exposure or clinical outcomes. In
the first-in-man study, glucose metabolism markers indicated
dose-dependent inhibition of PI3K signaling by buparlisib.!?
Increases in C-peptide levels were observed at lower doses of
buparlisib than those associated with hyperglycemia, indicating
that increased pancreatic insulin/C-peptide release can effec-
tively compensate for decreased glucose transport and metabo-
lism due to PI3K inhibition at buparlisib doses less than
100 mg/day."? Fasting blood glucose increases were also
more evident at higher buparlisib doses,"'® which is similar to
the results observed here.

One patient in the 100 mg/day cohort died from drug-
induced pneumonitis 11 days after discontinuing buparlisib
due to progressive disease with a new lung lesion. As the
patient’s respiratory function abruptly deteriorated just prior to
his death, the investigator reasoned that the main cause of
death was aggravation of pneumonitis rather than progression
of cancer. This patient had lung pathology prior to entering the
study, and was pretreated with multiple therapies previously
associated with pneumonitis, possibly due to drug-induced lung
injury. These include bevacizumab,®? oxaliplatin,®>?7 levo-
folinate,®” 5-FU, %2 jrinotecan®-3? and cetuximab.G'3? It
has been speculated that inhibition of the PI3K/mTOR
pathway may affect the immune system. However, unlike
mTOR inhibitors that cause pneumonitis with varying frequen-
cies,®*>3® the PI3K inhibitor buparlisiv has rarely been
associated with pneumonitis in studies involving more than
500 patients (unpublished data).-As a basic precaution for
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patient safety, studies of buparlisib have required lung imaging
as part of the study protocol at baseline and throughout the
study if clinically indicated.

Mood alterations were observed in the first-in-man study of
bupalhsxb one DLT at 80 mg/day and two DLT at 100 mg
/day."” In Japanese patients, no Grade 3/4 mood alterations
or DLT were observed. This difference between the two stud-
ies may be reflective of a protocol amendment excluding
patients predisposed to mood alteration from the Japanese
study, and the introduction of careful monitoring using PHQ-9.
The incidence of all- grade mood alterations was similar
between studies (3/15 [20%] m Japqnese patients and 7/35
[20%] in non-Japanese patients)."'” No dose reductions or trial
withdrawals resulting from mood alterations occurred. In the
first-in-man  study, buparlisib-induced mood disorders were
revelslble, and resolved quickly upon treatment discontinua-
tion."? The incidence of mood alterations with buparlisib has
been attributed to its ability to cross the blood—brain barrier®”
and to inhibit PI3K signaling in the brain parenchyma.“? The
precise mechanism of bupailisib-induced mood disorders is
still under mvesugauon but the PI3K/Akt/mTOR pathway is
thought to play a role in neurotransmitter signaling. 4D The
ability of buparlisib to cross the blood-brain barrier may also
have a'beneficial effect on brain lesions.“?

Conclusions about the clinical activity of buparlisib cannot
be made from the present study due to the small sample size
and the heterogeneity of the patients enrolled. However, preli-
minary signs of clinical activity were observed, including sta-
ble disease and an unconfirmed partial response, indicating
therapeutic potential in advanced solid tumors. Based on pre-
clinical data, genetic alterations of the PI3K/Akt/mTOR path-
way, such as somatic PIK3CA mutations or PTEN loss, have
been proposed to predict the response to PI3K pathway inhibi-
tors, but early clinical results are inconclusive. @5-50) Unfortu-
nately, molecular profiling data were not available for the
patient who experienced an unconfirmed partial response to
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determine whether the tumor harbored an alteration in the
PI3K pathway.

In conclusion, the results of this Phase I dose-escalation
study demonstrate that the pan-class I inhibitor buparlisib has a
manageable safety profile, has favorable pharmacokinetics, and
has shown preliminary signs of antitumor activity in this small
population of Japanese patients. Importantly, the safety and
phamnacokmem proﬁlcs of bupaxllsﬂ) were similar to those
reported in the first-in-man trial in non-Japanese patients.!
The buparlisib dose of 100 mg/day has been determined as the
RD for future studies of this schedule in Japanese patients.
Phase I trials of buparlisib in patients with hormone receptor-
positive, HER2-negative locally advanced or metastatic breast
cancer are ongoing (BELLE-2 and BELLE-3).
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Summary Background This phase I, dose-finding study
evaluated the maximum tolerated dose (MTD), safety, phar-
macokinetics, and antitumor activity of sunitinib plus S-1/cis-
platin in Japanese patients with advanced/metastatic gastric
cancer. Patients and methods Patients received oral sunitinib
on a continuous daily dosing (CDD) or 2-weeks-on/2-weeks-
off schedule (Schedule 2/2; 25 mg/day or 37.5 mg/day), plus
S-1 (80120 mg/day)/cisplatin 60 mg/m>. Results Twenty-
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seven patients received treatment, including 26 patients
treated per protocol (sunitinib 25 mg/day CDD schedule,
n=4; sunitinib 25 mg/day Schedule 2/2, n=16 [dose-lim-
iting toxicity (DLT) cohort, n=6 plus expansion cohort, n=
10]; sunitinib 37.5 mg/day Schedule 2/2, n=6). One patient
erroneously self-administered sunitinib 12.5 mg/day and
was excluded from the analyses. The MTD was sunitinib
25 mg/day on Schedule 2/2. DLTs were reported for: 2/4
patients given sunitinib 25 mg/day on the CDD schedule;
1/6 patients administered sunitinib 25 mg/day on Schedule
2/2 (grade [G] 3 neutropenic infection, G4 thrombocytope-
nia, and S-1 dose interruption >5 days), and 3/6 patients
given sunitinib 37.5 mg/day on Schedule 2/2. Results
below are for the overall MTD cohort (#=16). The most
frequently reported G3/4 adverse events were neutrope-
nia (93.8 %) and leukopenia (75.0 %). The objective
response rate was 37.5 %; six additional patients expe-
rienced no disease progression for >24 weeks. Median
progression-free survival was 12.5 months. No pharma-
cokinetic drug—drug interactions were observed between
sunitinib/S-1/cisplatin and S-1/cisplatin. Conclusions The
MTD of sunitinib was 25 mg/day on Schedule 2/2 combined
with cisplatin/S-1 in patients with advanced/metastatic gastric
cancer. This regimen had a manageable safety profile and
preliminary antitumor activity.

Keywords Sunitinib - Gastric cancer - Phase I - Dose-finding

Introduction
Gastric cancer is the second most common cause of cancer-

related death worldwide, with more than 730,000 deaths
estimated to have occurred in 2008 [1]. Globally, the
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S-year survival rate for gastric cancer is approximately 20 %
[2], and most patients present with advanced, non-resectable
disease [3-3].

Despite recent advances in the treatment for gastric cancer
[6], a standard chemotherapy regimen has not been
established for recurrent or unresectable advanced gastric
cancer; combination chemotherapy is associated with signifi-
cant survival and quality of life advantages, compared with
best supportive care [7, 8]. The use of a S-fluorouracil (5-FU)-
based regimen in combination with a platinum analog is the
most widely accepted first-line treatment regimen, although
combination therapy does have a higher associated toxicity
burden compared with single-agent chemotherapy [8].

Blockade of receptors such as vascular endothelial
growth factor receptor (VEGFR) and platelet-derived
growth factor receptor (PDGFR) has been shown to inhibit
tumor-related angiogenesis and tumor growth [9, 10]. Not
only are these receptors expressed in gastric cancers but they
are known to have direct effects on the growth and metas-
tasis of this disease [9—14].

Sunitinib malate (SUTENT®; Pfizer Inc., New York, NY,
USA) is an oral, multitargeted, tyrosine kinase inhibitor of
VEGFRs 1-3, PDGFR-x and -3, and other receptors [15-17].
Sunitinib is approved multinationally for the treatment of
unresectable and/or metastatic imatinib-resistant/-intolerant
gastrointestinal stromal tumor, advanced/metastatic renal cell
carcinoma, and unresectable or metastatic, well-differentiated
pancreatic neuroendocrine tumors. Phase II study results in
advanced gastric cancer have shown that sunitinib had activity
as a single-agent; progression-free survival (PFS) was
2.3 months and overall survival was 6.8 months in the
second-line setting [18].

In preclinical tumor models, sunitinib has been shown to
enhance the antitumor activity of 5-FU and cisplatin,
suggesting that sunitinib might enhance the effect of che-
motherapy in cancer patients [19, 20]. In the First-Line
Advanced Gastric Cancer Study (FLAGS), the combination
of S-1, an oral derivative of 5-FU, and cisplatin was found
to be effective when administered as a 3-week on/l-week
off regimen (Schedule 3/1) [21]. Therefore, this phase I,
dose-finding study was conducted to determine the maxi-
mum tolerated dose (MTD) and overall safety profile of
sunitinib plus S-1 and cisplatin in Japanese patients with
advanced/metastatic gastric cancer. Tolerability, pharmaco-
kinetics (PK), and antitumor activity were also evaluated.

Materials and methods
Study population

Patients (male or female) eligible for inclusion in this study
were aged >20 years, had an Eastern Cooperative Oncology

@ Springer

Group performance status of 0 or 1, adequate organ func-
tion, and histologically or cytologically confirmed Stage IV
gastric adenocarcinoma or gastroesophageal junction ade-
nocarcinoma not amenable to surgery or radiation. Prior
adjuvant therapy was permitted with a recurrence-free inter-
val of >3 months after the completion of adjuvant therapy.
Prior chemotherapy in the advanced/metastatic setting was
not permitted; one regimen of chemotherapy, such as S-1
monotherapy, without progressive disease was allowed if
the duration of treatment was less than 4 weeks.

Exclusion criteria included central nervous system (CNS)
metastases, carcinomatous meningitis, or uncontrolled hy-
pertension (blood pressure >150/100 mmHg). Patients with
severe/unstable angina, myocardial infarction, coronary ar-
tery bypass graft, symptomatic congestive heart failure,
cerebrovascular accident, including transient ischemic at-
tack, or pulmonary embolism within 12 months prior to
starting study treatment were also excluded.

The study was conducted in accordance with the Interna-
tional Conference on Harmonization Good Clinical Practice

-guidelines, the declaration of Helsinki, and applicable local

regulatory requirements and laws. Approval from the insti-
tutional review board or independent ethics committee with
the appropriate jurisdiction was required for each participat-
ing investigator/center. Written informed consent was
obtained from all patients.

Study design

This was a phase I, open-label, dose-finding study of sunitinib
in combination with S-1 and cisplatin in patients with
advanced/metastatic gastric cancer (NCT00553696). Patients
received open-label, oral S-1 at a starting dose of 80-
120 mg/day (based on body surface area) on Schedule 3/1
and a cisplatin 60 mg/m”> infusion on day 1 that was repeated
every 28 days. Patients were allocated to different doses of
oral sunitinib based on a 3+3 design. Initially, sunitinib was
planned to be administered on a continuous daily dosing
(CDD) schedule or on Schedule 3/1. After four patients re-
ceived treatment in the CDD arm, the protocol was revised to
use a 2-week-on/2-week-off schedule (Schedule 2/2), in-
stead of Schedule 3/1, due to the pattern of adverse events
(AEs). Patients received sunitinib 25 mg/day on a CDD
schedule, or 25 mg/day or 37.5 mg/day on Schedule 2/2 in
4-weekcycles (Fig. 1).

Initially, three patients were enrolled to receive sunitinib
25 mg/day on the CDD schedule in combination with S-1
and cisplatin 60 mg/m>. If no patients experienced a dose-
limiting toxicity (DLT) in cycle 1 then patients would be
enrolled to the next highest dose level. If no more than one
of the initial three patients experienced a DLT within cycle
1, then the cohort was expanded to a total of six patients. If
no more than one of these six patients experienced a DLT,



