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Table 3 Numbers of patients with treatment-emergent adverse events including those with a CTCAE worst grade of 3 or 4

Event category CTCAE term Cohort 1 Cohort 2
(n=6) (n=T7)
CTCAE grade CTCAE grade
Any 3 4 Any 3 4
Allergy/immunology Allergic reaction 2 2 1
Blood/bone marrow Hemoglobin 2 5 3
Leukocytes 5 4 6 3 1
Lymphopenia 2 2 S 3 1
Neutrophils 5 4 7 5
Platelets 3 5 2 1
Cardiac, general Hypertension 2 2 1
Constitutional symptoms Weight loss 1 4 1
Dermatology/skin Erythema multiforme 2 2 1
Hand-foot skin reaction 3 1 2
Rash/desquamation 4 5
Gastrointestinal Anorexia 5 6 3
Dehydration 2 1
Nausea 4 5 1
Perforation, GI, small bowel NOS 1 1
Infection Febrile neutropenia 1 1
Infection with G4 phils, lung ( ia) 1 1
Metabolic/laboratory ALT 3 1 1 1
AST 2 1 1
Hypokalemia 1 1
Hyponatremia 2 2
Hypophosphatemia 4 2
Lipase 3 2 1
Neurology Neuropathy, motor 1 1
Neuropathy, sensory 4 6 2
Pulmonary/upper respiratory Dyspnea 1 1 1
CTCAE Common Terminology Criteria for Adverse Events, G/ gastrointestinal, NOS not otherwise ified, ALT alanine amii AST
aspartate aminotransferase
Fig. 2 Tumor response. Ten of 19.0

the 12 evaluable patients
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Table 4 Pharmacokinetic analysis

Sorafenib Cohort 1 Cohort 2
Cycle 1 Cycle 1 Cycle 2
Day 2 Day 19 Day 2 Day 19 Day 2 Day 19
400 mg sd 400 mg bid 400 mg sd 400 mg od 400 mg sd 400 mg bid
(n=6) (n=3) (n=7) (n=17) (n=6) (n=4)
AUCy-12 18.2 (74) 313 (32) 9.0 (82) 24.4 (25) 14.6 (25) 39.1 (51)
(mghL™)
Cinax (mg/L) 2.5 (96) 4.6 (36) 1.2 (93) 3.2(22) 2.0 (21) 5.9 (38)
tin (h) 20.4 (18) 26.8 (41) 23.9 (29)
Paclitaxel Cohort 2
Cycle 1 (n=7) Cycle 2 (n=6) Cycle 3 (n=4)
AUC (mghL™") 27889.1 (36) 29538.6 (23) 34712.8 (51)
Ratio [90% CI] 1.05 [0.88-1.25] 1.26 [1.02-1.55]
Crax (mg/L) 8016.5 (53) 10076.4 (18) 11218.8 (65)
Ratio [90% CI] 1.19 [0.80-1.77] 1.39 [0.88-2.21]
tin (h) 10.7 (10) 11.1 (6) 114 (3)
Free platinum Cohort 2
Cycle 1 (n=7) Cycle 2 (n=6) Cycle 3 (n=4)
AUC (mg 44.9 (23) 44.4 (25) 38.5 (10)
L—I
Ratio [90% CI] 1.00 [0.91-1.10] 0.90 [0.80-1.00]
Crnax (mg/L) 17.5 (36) 17.4 (34) 17.5 (9)
Ratio [90% CI] 0.92 [0.82-1.02] 0.97 [0.85-1.11]

Pharmacokinetic parameters are presented as geometric means (% coefficient of variation). Ratios for AUC and Cp,y values of paclitaxel and free
platinum are dose-adjusted ratios in cycles 2 or 3 relative to those in cycle 1

sd single dose, od once daily, bid twice daily, CI confidence interval

paclitaxel were observed with progress of the cycles;
however, these changes were not significant based on the
inclusion of 1.00 in the 90% confidence interval for the
ratio of AUC or Cyyax in cycles 2 or 3 to the corresponding
value in cycle 1. Similar results were obtained for 6-
hydroxy-paclitaxel (data not shown). There were also no
significant differences in the mean AUC or Cy,.x values of
free platinum when standard chemotherapy was adminis-
tered with or without sorafenib.

Discussion

We have investigated the effects of sorafenib, an oral
multikinase inhibitor, in combination with standard chemo-
therapy (paclitaxel and carboplatin) in chemonaive individ-
uals with advanced NSCLC. Our results show that
sorafenib can be integrated with the combination of
paclitaxel and carboplatin. In the present study, the dose
of carboplatin had to be capped one dose level lower (AUC

&) Springer

of 5 mg min mL™") than is typical for administration of
paclitaxel and carboplatin alone, because four out of six
patients developed DLTs in cohort 1.

Two of the patients with DLTs in cohort | experienced
erythema multiforme of grade 3. Previous studies have
reported that most patients receiving sorafenib as mono-
therapy manifested dermatologic toxicities, mostly of grade
1 or 2, including rash or desqu ion (18 to 66%), hand-
foot syndrome (25 to 62%), and alopecia (18 to 53%) [15,
21, 22]. Erythema multiforme was reported to occur in only
0.1 to <1% of patients [22, 23]. In the two cases of
erythema multiforme in the present study, skin rashes
occurred within a week after initiation of sorafenib
treatment and spread to the entire body without organ
dysfunction. Histopathologic examination of skin speci-
mens supported the diagnosis of erythema multiforme.
Steroid treatment and discontinuation of sorafenib resulted
in marked improvement of the patients within days. A drug
lymphocyte stimulation test was performed for both
patients, with the results being positive for sorafenib and
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negative for both paclitaxel and carboplatin, suggesting that
the exanthematous rashes were caused by drug allergy to
sorafenib rather than by dose-dependent toxicity. Indeed,
serious erythema multiforme was not observed in any of the
seven patients in cohort 2, for whom sorafenib was
administered at 400 mg twice daily in cycle 2 and
subsequent cycles. The only differences between the
treatment regimen in cohort 1 and that of cycle 2 and
subsequent cycles in cohort 2 were the dose (AUC) and
infusion time of carboplatin, which were 6 mg min mL™'
over 30 min and 5 mg min mL™" over 60 min, respectively,
and pharmacokinetic analysis revealed that the triplet
regimen had no significant effects on the pharmacokinetics
of the individual agents. These data thus suggest that the
sorafenib-related erythema multiforme observed in cohort 1
was likely the result of classic skin hypersensitivity to the
drug.

Two additional DLTs (hand-foot skin reaction and
elevation of ALT, both of grade 3) were observed in
cohort 1, both of which were manageable and resolved
by treatment interruption and remedial therapy. Al-
though the study treatment was discontinued after the
first cycle in the four patients with DLTs in cohort 1,
one patient showing a partial response received three
cycles of carboplatin-paclitaxel-sorafenib and an addi-
tional 13 cycles of sorafenib maintenance monotherapy,
and another patient showing a complete response
received four cycles of the combination therapy and an
additional 23 cycles of sorafenib monotherapy. A
previous phase I study of sorafenib combined with
paclitaxel and carboplatin for advanced solid tumors
(mostly malignant melanoma) recommended doses for
future trials of sorafenib at 400 mg twice daily,
carboplatin at an AUC of 6 mg min mL™', and
paclitaxel at 225 mg/m?. In a recently completed random-
ized phase IIT study of advanced NSCLC, patients were
randomly assigned to treatment either with sorafenib at
400 mg twice daily plus carboplatin (AUC of 6 mg min
mL™") and paclitaxel (200 mg/m?) or with carboplatin and
paclitaxel alone [24]. The present study suggests that the
dose of sorafenib tolerated by Japanese patients is likely to
be lower than that tolerated by Western patients when this
agent is combined with standard doses of carboplatin and
paclitaxel.

We examined the pharmacokinetics of paclitaxel,
carboplatin, and sorafenib in order to detect any
relevant drug-drug interactions. The pharmacokinetics
of sorafenib in the present combination study were
similar to those described in previous monotherapy [7,
17] and combination [16] trials, in which there was no
evidence of drug-drug interactions. Neither of the carbo-
platin doses administered in the present study (AUC of 5
or 6 mg min mL™") appeared to affect the pharmacokinet-

ics of sorafenib. Furthermore, we have shown for the first
time that administration of sorafenib at 400 mg twice daily
had no effect on the pharmacokinetics of carboplatin.
Whereas small increases in the AUC and Cp,, values of
paclitaxel and 6-hydroxy-paclitaxel were observed after
sorafenib administration at 400 mg twice daily, these
increases were not statistically significant. Paclitaxel is
primarily metabolized in the liver by the CYP2C8
pathway to 6-hydroxy-paclitaxel and is also metabolized
by CYP3A4 [25]. Although we are not able to exclude
possible inhibition by sorafenib of the metabolic clearance
of paclitaxel, the observed increase in paclitaxel exposure
was not associated with increased clinical toxicity.
Together, our pharmacokinetic results suggest that con-
comitant administration of sorafenib, carboplatin, and
paclitaxel had no significant impact on the pharmacoki-
netics of any of these three drugs in this treatment
schedule, although our finding on pharmacokinetics will
need to be reproduced in larger cohort of patients treated
with this combination.

Although tumor evaluation was not the primary objec-
tive of our study, the combination treatment yielded
promising results, with one complete response and six
partial responses observed among the 12 evaluable patients.
Despite this substantial antitumor activity observed in the
present study, a phase III trial (ESCAPE: Evaluation of
Sorafenib, Carboplatin, and Paclitaxel Efficacy) of 926
patients with advanced NSCLC receiving first-line therapy
with paclitaxel and carboplatin in the absence or presence
of sorafenib failed to show an improvement in efficacy with
the addition of sorafenib to the standard combination
chemotherapy [24]. Indeed, a subset analysis of the 219
patients with squamous histology was suggestive of a
detrimental effect of sorafenib inclusion. The complete
response and all partial responses in our phase I study
occurred in patients with non-squamous NSCLC. Although
the biological basis for a possible ethnic difference in
sorafenib efficacy and toxicity remains unknown, further
investigation are warranted to identify the patients who are
more likely to benefit from this agent.

In conclusion, in combination with carboplatin AUC
5 mg min mL™" and paclitaxel 200 mg/m?, administration
of sorafenib at 400 mg once daily was confirmed to be
feasible in Japanese patients with advanced NSCLC.
There was no relevant pharmacokinetic interaction and
the observed antitumor activity was encouraging in this
study.
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Introduction: The primary objectives of this study were to determine the recommended dose of peme-
trexed and carboplatin in patients with chemo-naive advanced non-small cell lung cancer (NSCLC).

Methods: Patients received escalated doses of carboplatin area under the concentration-time curve (AUC)
of 5 (cohort 1) or 6 (cohort 2) and pemetrexed 500 mg/m? every 3 weeks for six cycles. For patients
with objective response and stable disease, pemetrexed were continued until disease progression or

lpfeywords: . unacceptable toxicity.
c:::igl‘;‘;“ Results: In cohort 1, a dose-limiting toxicity (DLT) was observed in one of the six patients: grade 4

thrombocytopenia. No DLTs were seen in the first 6 patients of cohort 2, and thus the combination
of pemetrexed 500 mg/m? plus carboplatin at AUC 6 was determined as the recommended dose. Among
a total of 20 patients, 8 patients received a median of four cycles of pemetrexed monotherapy in a
maintenance setting without unexpected or cumulative toxicities. No complete responses and 12 par-
tial responses were observed, giving an overall response rate of 60.0% [95% confidence interval (CI),
36.1-80.9%]. Median progression-free survival time for all patients was 7.6 months (95% Cl: 4.8-8.0
months).

Conclusions: Pemetrexed 500 mg/m? plus carboplatin AUC 6 combination therapy followed by peme-
trexed maintenance therapy, is generally tolerable, and shows encouraging antitumor activity in
chemotherapy-naive patients with advanced NSCLC.

Dose-escalation
First-line therapy
Maintenance therapy
NSCLC

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Lung cancer is the most common cancer in the world and the
leading cause of cancer-related mortality. Approximately 85% of
lung cancers are non-small cell, and approximately 70% of patients
with NSCLC present with inoperable, locally advanced (Stage 111B)
or metastatic (Stage IV) disease. Platinum-based chemotherapy is
the standard first-line treatment for advanced NSCLC on the basis
of moderate improvement in survival and quality of life it confers
compared with best supportive care alone [1-3]. The poor outlook
even for patients with advanced NSCLC who receive such treat-
ment has prompted a search for new chemotherapeutic agents and
combination regimens.

Pemetrexed is a multi-targeted antifolate cytotoxic agent.
Randomized phase IIl clinical studies have demonstrated that

* Corresponding author. Tel.: +81 72 366 0221; fax: +81 72 360 5000.
E-mail address: chi-okamoto@dotd.med.kindai.acjp (1. Okamoto).

0169-5002/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2010.02.007

pemetrexed is efficacious as a single agent in second-line treat-
ment of NSCLC [4], and in combination with cisplatin for first-line
treatment of nonsquamous NSCLC [5]. The latter phase Ill study
reported noninferior efficacy and better tolerability for cis-
platin/pemetrexed than for cisplatin/gemcitabine in the first-line
setting[5]. In addition, overall survival was statistically superior for
cisplatin/pemetrexed versus cisplatin/gemcitabine in patients with
nonsquamous NSCLC [6]. Another phase 11l clinical study demon-
strated superior overall survival (OS) when pemetrexed was used
in a maintenance setting following 4 cycles of non-pemetrexed
induction therapy containing a platinum doublet [7]. These study
results indicate that pemetrexed-based induction therapy followed
by pemetrexed maintenance therapy would be a possible treatment
option for patients with nonsquamous NSCLC.

Because carboplatin-based regimens have been shown to be less
toxic, convenient, and capable of being administered on an outpa-
tient basis, they have been widely used as a substitute for cisplatin
regimens in clinical practice. In wake of the above results, there
has been interest in studying the substitution of carboplatin for
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cisplatin in cisplatin plus pemetrexed regimens for NSCLC [8-11].
In previous studies of pemetrexed and carboplatin combination
therapy in a first-line setting, different carboplatin doses (AUC 5
and 6) were used. To date, carboplatin dose escalation has not
been evaluated in chemotherapy-naive patients with advanced
NSCLC. Therefore, we conducted this study to determine the rec-
ommended dose of carboplatin combined with pemetrexed and
assess the feasibility of pemetrexed monotherapy in a maintenance
setting.

2. Materials and methods
2.1. Study design

This phase I dose-escalation study was conducted to exam-
ine the safety of the pemetrexed and carboplatin combination in
chemotherapy-naive patients with advanced NSCLC. The primary
objectives of the study were to evaluate incidence, type and sever-
ity of adverse events and to determine the recommended dose of
carboplatin used in combination with pemetrexed.

Patients were divided into 2 cohorts. In the first cohort, 3
patients received pemetrexed 500 mg/m? plus carboplatin at AUC
5 according to the Calvert formula [12] (cohort 1). If dose-limiting
toxicity (DLT) was not observed in any of three patients, an esca-
lated dose of carboplatin (AUC 6) was administered to the first 6
patients in cohort 2. If DLT was observed in 1 out of the first 3
patients, additional 3 patients were enrolled to assess the tolera-
bility of this dose level. If DLT occurred in only 1 out of the 6 patients
in the cohort 1, dose escalation of carboplatin (AUC 6) was made. If
DLT was observed in two or more of first three patients, a reduced
dose of carboplatin (AUC 4) was administered. Dose escalation was
decided by the toxic data only in the first cycle of chemotherapy.

The recommended dose was determined based on these
initial results from cohorts 1 and 2. Following this and addi-
tional number of patients, up to maximum of 20 patients,
were enrolled to receive the recommended dose of study
treatment.

2.2. Eligibility

Patients with histologically or cytologically confirmed advanced
NSCLC were eligible for the study. Each patient was required
to meet the following criteria: (1) clinical stage IIIB, IV, or
post-operative recurrent disease; (2) lesion not amendable for
curative radiation; (3) no prior chemotherapy; (4) aged 20-75
years old; (5) ECOG PS 0 or 1; (6) adequate function of
major organs (lung: SpO; >90%, heart: normal 12 lead ECG,
bone marrow: hemoglobin>9.0g/dL, neutrophil > 1500/mm3,
platelet > 100,000/mm?3, liver: AST (GOT)/ALT(GPT)<2.5 times
upper limit of normal, total bilirubin < 1.5 mg/dL, kidney: serum
creatinine < 1.2 mg/dL, predicted creatinine clearance or 24-h cre-
atinine clearance > 45 mL/min as estimated by the Cockcroft and
Gault formula [13]); (7) life expectancy of at least 12 weeks.

This study followed the ethical principles in the Declaration of
Helsinki, and the study protocol was approved by the institutional
review board at each participating center. All patients provided
written informed consent before study-related procedures were
performed.

2.3. Study treatment

All patients received pemetrexed 500 mg/m? by 10 min intra-
venous infusion followed by intravenous infusion of carboplatin
over at least 30 min (AUC 5 or 6) on day 1 of 21-day cycle. Combi-
nation chemotherapy was repeated every 3 weeks for a maximum

of six cycles. After completion of six cycles it was possible to con-
tinue pemetrexed monotherapy at the discretion of the investigator
until progressive disease (PD). Subsequent cycles of treatment were
withheld until the following criteria were satisfied: the neutrophil
count >1500/mm?, the platelet count >100,000/mm3, hemoglobin
>8.0g/dL, PS <1, Sp0, >90%, AST/ALT <2.5 times upper limit of
normal, total bilirubin <1.5 mg/dL, other nonhematological toxi-
city <grade 2, and a decision by the physician. If these criteria were
not satisfied within 29 days from the date of dose administration in
the cycle, treatment doses were modified as follows: in case of non-
hematological toxicity, pemetrexed dose was to be reduced from
500 to 400 mg/m? and in case of hematological toxicity, carboplatin
dose was to be reduced from AUC 6 to 5 (or 5 to 4). If the toxicity
had not resolved within 43 days, the patient was excluded from the
study.

While on study, patients received folic acid and vitamin By5. All
patients underwent comprehensive baseline assessments includ-
ing clinical laboratory tests and imaging studies. Patients also
received follow-up assessments and monitoring at regular inter-
vals. Toxicity evaluations were based on the Common Terminology
Criteria for Adverse Events, version 3.0 (CTCAE v3.0).

2.4. Definition of DLT

A DLT was defined as a toxicity occurring in cycle 1 that met
one of the following criteria and for which a causal relationship
with the study drugs could not be ruled out: grade 4 neutropenia
prolonged > 7 days, febrile neutropenia, grade 4 thrombocytopenia,
grade 3 thrombocytopenia that required platelet transfusion or was
associated with bleeding, or grade 3 nonhematological toxicity (fol-
lowing events were to be DLT if the event does not recover <grade
2 despite standard/optimal supportive treatment: nausea, vom-
iting, anorexia, fatigue, constipation, diarrhea, transient increase
in AST/ALT, or transient electrolytes abnormally). In case that the
patients experienced toxicities which met DLT criteria, treatment
doses were modified in subsequent courses.

2.5. Efficacy measures

The efficacy endpoints were tumor response, progression-free
survival time and overall survival. Tumor response was evaluated
every 6 weeks according to the RECIST guideline [14]. Progression-
free survival was defined as the time from enrollment to the date
of confirmation of progressive disease (PD) or the date of death
from any cause, which is earlier. Overall survival was defined as
the time from registration until death from any cause. For patients
not known to have died and to have had progression, the patients
were censored at the date of the last progression-free assessment.

2.6. Statistical analysis

All patients who received at least one dose of study treatment
were included in the safety and efficacy analysis. A maximum of 20
patients were to be enrolled in our study to evaluate the safety of
combination therapy with pemetrexed and carboplatin at AUC 5 or
AUC 6. At least 14 patients were to be treated at the recommended
doses. The probability of adverse events with incidences equal to or
greater than 20% not being detected in any of the 14 patients was
4.4%.

The incidence of the adverse events was calculated for each dose
group. The distribution of best overall response was summarized
in the patients who had target lesions. PFS was estimated using
the Kaplan-Meier (K-M) method [15]. This included generating
the K-M curve and determining the median with 95% confidence
interval.
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Table 1
Patient characteristics.
Number of patients 20
Median age, year (range) 64(46-75)
Gender
Male 13
Female 7
Performance status
4
1 16
Disease stage
3
v 16
Relapse after surgery 1
Histology
Adenocarcinoma 17
Squamous cell carcinoma 2
Other 1
3. Results
3.1. Patients

This study was carried out from January 2008 to August 2009 at
2 study centers in Japan. Twenty-one patients were enrolled, and
one patient withdrew consent to participate in the study before the
treatment. Table 1 shows the demographics and characteristics of
the 20 patients. Seven patients were female and 13 were male. The
median age was 64 years (range: 46-75). Histologically 17 patients
had adenocarcinomas and 2 had squamous cell carcinomas. One
patient who had unspecified NSCLC was classified as “other”.

3.2. Determination of recommended dose

In cohort 1, a DLT was observed in one of the first 3
patients: grade 4 thrombocytopenia. Following treatment with
blood platelet transfusion, the platelet count in this DLT patient
recovered rapidly and the thrombocytopenia severity dropped to
grade 0. Additional 3 patients were enrolled in cohort 1, but none
of these patients developed DLTs. The dose of carboplatin was
then escalated to AUC 6 (cohort 2). No DLTs were seen in the first
6 patients of cohort 2, and thus the combination of pemetrexed
500 mg/m? plus carboplatin at AUC 6 was determined as the rec-

Table 2
Summary of treatment delivery.

ommended dose. An additional 8 patients were assigned to this
dose level. In total, 20 patients were administered the combination
of pemetrexed and carboplatin.

3.3. Treatment delivery

The data of treatment delivery was shown in Table 2.

For 6 patients who received carboplatin at AUC 5, the mean
relative dose intensities were 90.3% for pemetrexed and 86.1% for
carboplatin. Patients received a median of 8.0 cycles of treatment
(range, 2-11) including maintenance pemetrexed monotherapy. A
total 43 cycles of treatment was delivered overall. Study protocol
requirements stipulated dose reductions in 3 cycles (7% of total
cycles) and dose delays in 10 cycles (23% of total cycles).

In 14 patients receiving carboplatin at AUC 6, the mean relative
dose intensities were 84.6% for pemetrexed and 82.1% for carbo-
platin. Patients received a median of 5.5 cycles of treatment (range,
1-10). A total 82 cycles of treatment was delivered overall. Study
protocol requirements stipulated dose reductions in 12 cycles (15%
of total cycles) and dose delays in 29 cycles (35% of total cycles).

As shown in Table 2, hematologic toxicities were a major cause
of both dose reductions and dose delays.

Eleven patients (4 patients in cohort 1 [n=6] and 7 patients in
cohort 2 [n=14]) completed 6 cycles of the combination therapy.
Three of these patients were discontinued due to disease pro-
gression (1 patient in cohort 1) and adverse events (2 patients
in cohort 2) before maintenance therapy began. The other eight
patients (3 patients in cohort 1 and 5 patients in cohort 2) con-
tinued pemetrexed monotherapy in a maintenance setting. Six out
of 8 patients were discontinued due to disease progression, and 2
out of 8 patients were discontinued due to adverse events (blood
creatinine increased and bronchitis, respectively) during mainte-
nance therapy. In maintenance therapy, only one cycle delay due
to adverse event was observed, however no dose reductions were
observed; the median number of cycles was 4.0 cycles (range, 2-5).

3.4. Safety

The major adverse events during the entire treatment period
are shown in Tables 3 and 4. The hematological adverse events
reaching > grade 3 were neutropenia (75%), anemia (50%), throm-
bocytopenia (45%) and leukopenia (15%). Of these events, grade
4 thrombocytopenia was observed in four patients, and no grade
4 leukopenia was observed. Nonhematological toxicities > grade

Cohort Cohort 1 (N=6) PEM 500 mg/m? +CBDCA AUC 5 Cohort 2 (N=14) PEM 500 mg/m? + CBDCA AUC 6
Total cycles treated 43 82
Median cycles (range) 80(2-11) 5.5(1-10)
PEM (mg/m?) CBDCA PEM (mg/m?) CBDCA
Planned dose per week 166.7 AUC 1.667 166.7 AUC 2.000
Actual dose per week 150.5 AUC 1.435 1411 AUC 1.642
Relative dose intensity (%) 903 86.1 84.6 82.1
Dose reduction because of AE
Cycles (%) 3(7%) 12(15%)
Reason (AE, cases) Neutropenia (1) Neutropenia (5)
Platelet decreased (1) Platelet decreased (4)
Hemoglobin decreased (2)
ALT increased (1)
Dose delay because of AE
Cycles (%) 10(23%) 29(35%)

Reason (AE, cases) Neutropenia (8)
Platelet decreased (3)

Bronchitis (1)

Neutropenia (20)

Platelet decreased (8)
Hemoglobin decreased (6)
ALT increased (1)

PEM: pemetrexed; CBDCA: carboplatin.
Note: Include both results of combination therapy and pemetrexed monotherapy.
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Table 3

Summary of adverse events by cohort.
Adverse events Cohort 1 N=6 Cohort 2 N=14

Toxicity grade Toxicity grade
G1 G2 G3 G4 G1 G2 G3 G4

Hematological
Thrombocytopenia 2 1 2 1 5 3 3 3
Anemia 0 3 3 0 2 4 6 1
Leucopenia 1 4 1 0 5 5 2 0
Neutropenia 0 1 4 1 0 1 9 1
Nonhematological
Anorexia 2 3 1 0 6 4 1 0
Nausea 3 2 0 0 10 2 1 0
Vomiting 3 1 0 0 0 3 1 0
Fatigue 2 4 0 0 6 2 0 0
AST increased 2 1 0 0 6 1 0 0
ALT increased 0 2 0 0 6 1 1 0
Constipation 3 0 0 0 5 1 0 0
Diarrhoea 2 0 0 0 3 0 0 0
Rash 2 2 0 0 1 2 0 0
Alopecia 2 0 - - 2 0 - -
LDH increased 2 1 0 0 1 0 0 0
GGT increased 1 0 0 0 3 0 0 0
ALP increased 1 0 0 0 1 0 0 0
Nasopharyngitis 2 0 0 0 4 0 0 0
Fever 3 0 0 0 0 0 0 0

Events were graded according to CTCAE v3.0.

WBC: white blood cell count; RBC: red blood cell count; AST: aspartate aminot ALT: alanine GGT: LDH: lactate

: ALP: alkaline

3 were anorexia (10%), nausea, vomiting and increased ALT  Table5

(5% each) Overall response.

There were no treatment related deaths. The adverse events Cohort 1(N=6)  Cohort2(N=14)  Total (N=20)
observed in our study were predictable from safety profiles of n (%) n (%) n(%)
pemetrexed and carboplatin, with all events well managed. Most Overall response rate 4(66.7) 8(57.1) 12(60.0)
of the patients recovered from such adverse events by dose adjust- Complete response 0(0.0) 0(0.0) 0(0.0)
ment or discontinuing the study treatment. Partial response 4(66.7) 8(57.1) 12(60.0)

Stable disease 0(0.0) 4(286) 4(20.0)
Progressive disease 1(16.7) 1(7.1) 2(10.0)
Not evaluable 12(16.7) 1(7.1) 2(10.0)

Table 4
Summary of adverse events.

Adverse events N=20

Toxicity grade

G1 G2 G3 G4

Hematological
Neutropenia
Anemia
Thrombocytopenia
Leukopenia

auno
oaum
wunod
oanan

Nonhematological
Anorexia
Nausea
Vomiting
Fatigue

AST increased
ALT increased
Constipation
Diarrhoea

Rash

Alopecia

LDH increased
GGT increased
ALP increased
Nasopharyngitis
Fever

WANDWAWNRD®oWD o
ccoo—~ochso-wnaAsN
cocool coo~comaNn
coococol cococoococooo

Events were graded according to CTCAE v3.0.

'WBC: white blood cell count; RBC: red blood cell count; AST: aspartate aminotrans-
ferase; ALT: alanine ami : GGT: g LDH:
lactate

1 ALP: alkaline

* One patient had no target lesion.

3.5. Efficacy

There were 12 partial responses (4 patients in cohort 1 and
8 patients in cohort 2) and no complete responses, yielding an
overall response rate of 60.0% (95% Cl: 36.1-80.9%, Table 5). All
20 treated patients were assessable for progression-free survival
and overall survival. With a median follow-up time of 13 months
(range of 2.4-16.7 months), 13 patients were still alive. Median
progression-free survival for all patients was 7.6 months (95% CI:
4.8-8.0 months; Fig. 1), whereas median overall survival was not
reached.

4. Discussion

This was the first dose-escalation study which examined the
recommended dose of pemetrexed and carboplatin combination
therapy as a first-line therapy for treatment of advanced NSCLC. Six
patients were treated with pemetrexed 500 mg/m? and carboplatin
at AUC 5 (cohort 1), and 14 patients were treated with pemetrexed
500 mg/m? and carboplatin at AUC 6 (cohort 2).

DLT was observed in 1 patient in cohort 1. This was grade
4 thrombocytopenia, however the low platelet baseline of this
patient (13.6 x 10*/mm?3, grade 1) might have made this patient
more susceptible to this DLT. This indicates the need for suitable
precautions in clinical practice prior to starting treatment, espe-
cially for patients who have a low platelet count. No DLT was
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o 1 2 3 4 5 6 7 8 9 10
Time (months)

Fig. 1. Progression-free survival time. Solid line shows Kaplan-Meier curve and
dashed line shows 95% Cl, and events were observed in 12 patients out of 20 patients.

observed in the first 6 patients of cohort 2 (pemetrexed 500 mg/m?
and carboplatin AUC 6). Other grade 3/4 hematological toxicities
were also observed, but these were manageable with dose delays
and reductions, or supportive care. Dose delays and reductions
were made in both cohorts, however mean weekly dose intensities
of pemetrexed and carboplatin exceeded 80% of the planned dose
intensities in both cohorts. This demonstrates that pemetrexed and
carboplatin can be combined in this population of NSCLC patients
without compromising the dose of either agent.

For first-line and maintenance therapy, phase 11l studies have
demonstrated pemetrexed to be efficacious. This has resulted in
FDA approvals for pemetrexed as a first-line therapy for NSCLC
in 2008 and as a maintenance therapy for NSCLC in 2009. There-
fore pemetrexed-based platinum therapy followed by pemetrexed
maintenance therapy may be an alternative treatment option for
patients with nonsquamous NSCLC, although survival benefit of this
regimen was not shown then further clinical study is ongoing [11].

In the present study, 8 patients (cohort 1: 3 patients, cohort
2: 5 patients) started pemetrexed monotherapy in a mainte-
nance setting after 6 cycles of pemetrexed and carboplatin. The
median number of cycles was 4.0 cycles of maintenance therapy
without dose reduction. Only two of the 8 patients discontinued
treatment due to adverse events, and there were no unexpected
adverse events or cumulative toxicity in the maintenance phase.
This showed that pemetrexed maintenance therapy was tolera-
ble following pemetrexed-based combination therapy. In a recent
pemetrexed maintenance phase IIl study, which demonstrated
superior 0OS, the induction therapy consisted of 4 cycles of a non-
pemetrexed agent containing a platinum doublet. In our study, 85%
(17/20) of patients were able to complete the first 4 cycles of the
pemetrexed and carboplatin combination therapy, and 60% (12/20)
were able to continue this combination to at least the fifth cycle.
This means that if the combination therapy was limited to 4 cycles,
more patients would be able to continue pemetrexed monotherapy
as maintenance therapy.

The response rate of 60.0% (95% CI: 36.1-80.9%) and the median
PFS of 7.6 months (95% Cl: 4.8-8.0 months) are certainly encourag-
ing even though it was a small sample size. Two previous phase I
studies of combination therapy with pemetrexed and carboplatin
showed lower response rates of 24.0% and 31.6% [8,9]. One possible
reason for this difference is the histological type of NSCLC. Recent
studies have shown superior efficacy for pemetrexed in nonsqua-
mous NSCLC and inferior efficacy in squamous NSCLC. The phase
11 studies described above included 12.0% and 30.8% of squamous
NSCLC patients, respectively. However, all but two of the patients in
our study were nonsquamous NSCLC patients, and thus the higher
response rate was not surprising.

Another possible reason is ethnic difference. There are no
confirmed data showing that ethnic difference is related to dif-
ferent patient responses to pemetrexed. However, the results
of subgroup analyses in the phase Iil study of pemetrexed and
cisplatin as a first-line therapy for NSCLC have shown higher
response rates in East Asian (Korea and Taiwan only) populations,
42.6% [16] compared with 29.5% (Data on file) in non-East Asian
populations. Response rates for East Asian patients were also
comparatively high in a Japan phase Il study of second or third line
pemetrexed monotherapy [17]. In that study, Ohe et al. reported
an 18.5% response rate in the pemetrexed 500 mg/m? group. On
the other hand, Hanna et al. reported only a 9.1% response rate
in the pemetrexed arm from a randomized phase IIl study of
pemetrexed versus docetaxel that included a comparatively small
number of Asian patients [4]. Although there are limitations when
comparing the results from different studies, the efficacy results
in our study compare favorably with those reported in the above
first-line studies. The reason for this apparent difference between
non-East Asian and East Asian populations remains unknown,
however pemetrexed does seem to have better efficacy in East
Asian patients with nonsquamous NSCLC.

There s the possibility that further pemetrexed studies might be
restricted to patients with nonsquamous NSCLC patients because
of the pemetrexed label indications. However, in present study,
one responder was observed among the squamous NSCLC patients,
and in other studies there were also some responders in the squa-
mous population. Pemetrexed is now in clinical development for
head and neck cancer treatment, the major histological tumor
type being squamous cell carcinoma. Preclinical data suggest that
tumoral expression of thymidylate synthase (TS), which is usu-
ally lower in nonsquamous compared with squamous NSCLC, may
be responsible for the differential activity of pemetrexed. Results
such as these, especially with the number of therapeutic choices
steadily increasing, have shown that the development of predic-
tive biomarkers like tumoral TS expression is more important
than ever.

Inthe present study, the combination of pemetrexed 500 mg/m?
and carboplatin AUC 5 or 6 was confirmed to be feasible and
effective for chemotherapy-naive Japanese patients with advanced
NSCLC. According to the protocol definition, we concluded that car-
boplatin at AUC 6 is recommended for use in combination with
pemetrexed 500 mg/mZ2. And pemetrexed maintenance monother-
apy continued after this combination was safe and tolerable. A
larger-scale study is needed to confirm these findings overall for
advanced NSCLC patients. In addition, large-scale phase III studies
of a pemetrexed, carboplatin plus molecular-target drugs combi-
nation are currently underway in both Japan and abroad.
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Abstract

BIBF 1120 is an oral multitargeted tyrosine kinase inhibitor that blocks the activity of vascular endothelial
growth factor (VEGF) and other growth factor receptors. We have done a phase I study to evaluate the
safety, pharmacokinetics, and pharmacodynamic biomarkers of BIBF 1120. Patients with advanced refractory
solid tumors were treated with BIBF 1120 at oral doses of 150 to 250 mg twice daily. Drug safety and phar-
macokinetics were evaluated, as were baseline and post-treatment levels of circulating CD117-positive bone
marrow-derived progenitor cells and plasma soluble VEGF receptor 2 as potential biomarkers for BIBF 1120.
Twenty-one patients were treated at BIBF 1120 doses of 150 (n = 3), 200 (n = 12), or 250 mg twice daily (n = 6).
Dose-limiting toxicities of reversible grade 3 or 4 elevations of liver enzymes occurred in 3 of 12 patients at
200 mg twice daily and 3 of 6 patients at 250 mg twice daily. Stable disease was achieved in 16 (76.2%) pa-
tients, and median progression-free survival was 113 days (95% confidence interval, 77-119 d). Pharmacoki-
netic analysis indicated that the maximum plasma concentration and area under the curve for BIBF 1120
increased with the dose within the dose range tested. Levels of CD117-positive bone marrow-derived pro-
genitors and soluble VEGF receptor 2 decreased significantly during treatment over all BIBF 1120 dose
cohorts. In conclusion, the maximum tolerated dose of BIBF 1120 in the current study was determined to
be 200 mg twice daily, and our biomarker analysis indicated that this angiokinase inhibitor is biologically

active. Mol Cancer Ther; 9(10); 2825-33. ©2010 AACR.

Introduction

Angiogenesis, defined as the formation of new blood
vessels from a preexisting vasculature, is essential for
tumor growth and the spread of metastases (1, 2). Tyro-
sine kinase receptors, including vascular endothelial
growth factor receptors (VEGFR), platelet-derived
growth factor receptors, and fibroblast growth factor
receptors, together with their corresponding ligands,
play key roles in angiogenesis (1). Antiangiogenic thera-
py that targets signaling by these receptor-ligand systems
represents an important advance in clinical oncology
(3). Given that most angiogenesis inhibitors are cyto-
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static, however, it has been difficult to assess their bio-
logical effects in early clinical trials. Validated biomarkers
that allow monitoring of the biological activity of these
agents are thus urgently needed (4, 5). The most intui-
tive approach to measurement of the biological activity of
such targeted agents is evaluation of their effects on tumor
cells or the vasculature. However, this invasive approach
raises practical and ethical concerns (6, 7). Noninvasive,
blood-based biomarkers that allow repetitive sampling
throughout treatment and follow-up are therefore preferred.

BIBF 1120 is an orally available triple tyrosine kinase
inhibitor that predominantly blocks VEGFR1 to 3, fibro-
blast growth factor receptors 1 to 3, as well as platelet-
derived growth factor receptors « and B tyrosine kinases
at nanomolar concentrations (Fig. 1; refs. 8-10). In pre-
clinical studies, BIBF 1120 has been shown to inhibit
the growth of and to reduce vessel density in s.c. im-
planted human tumor xenografts in nude mice (8, 11).
A previous phase I BIBF 1120 monotherapy study in
patients with advanced and heavily pretreated malignan-
cies showed encouraging antitumor activity and a toler-
able safety profile. The maximum tolerated dose (MTD)
was determined as 250 mg twice daily (12). A further
phase I combination study showed that BIBF 1120 at
200 mg twice daily can be combined with standard doses
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Figure 1. Structure of BIBF 1120.

of paclitaxel and carboplatin (13). Several phase Il mono-
therapy trials have gone on to show promising signs of
efficacy in patients with advanced non-small cell lung
cancer and ovarian cancer (14, 15).

We have done a phase I dose-escalation study to deter-
mine the MTD, tolerability, basic pharmacokinetics, and
antitumor effect of BIBF 1120 given p.o. on a twice daily
schedule in Japanese patients with advanced refractory
solid tumors. To identify biomarkers that reflect the phar-
macodynamics and dose-response relation of BIBF 1120,
we further evaluated baseline (before BIBF 1120 treatment)
and post-treatment levels of circulating CD117 (c-KIT)-
positive bone marrow-derived (BMD) progenitor cell
subsets as well as of plasma soluble VEGFR2 (sVEGFR2).
We show that a subset of CD117* BMD progenitors,
immunophenotypically defined as CD45%™CD34*CD117*
cells, is a potential biomarker for guidance of optimal ther-
apy with BIBF 1120.

Patients and Methods

Patient eligibility

Eligible patients were 20 years of age or older with a
confirmed diagnosis of advanced solid tumors who had
not responded to conventional treatment or for whom no
therapy of proven efficacy was available. They were
required to have an Eastern Cooperative Oncology Group
performance status of <2 and adequate organ function.
Individuals were excluded if they had a brain tumor or
brain metastases requiring therapy, gastrointestinal disor-
ders that might interfere with absorption of the study
drug, or serious illness or concomitant nononcologic dis-
ease that was difficult to control by medication. Patients
were also excluded if they had a history of obvious pul-
monary fibrosis or interstitial pneumonitis, autoimmune
disease, serious drug hypersensitivity, cardiac infarction,
or congestive heart failure. All subjects received informa-
tion about the nature and purpose of the study, and they
provided written informed consent in accordance with
institutional guidelines.

Study design

This study was designed as a single-center, open-label,
dose-escalation phase I trial. The primary objectives of
this dose-escalation trial were to determine if BIBF 1120
doses from 150 to 250 mg given twice daily on a contin-
uous daily schedule could be confirmed as safe and tole-
rable treatment, and to collect overall safety data. The
secondary objectives included the determination of the
MTD, pharmacokinetic variables, pharmacodynamics,
and preliminary information about the antitumor activi-
ty and the efficacy on angiogenic peripheral blood bio-
markers in this treatment population. The study was
reviewed and approved by the Institutional Review
Board.

Dose levels of BIBF 1120 were 150, 200, and 250 mg
twice daily. Intrapatient dose escalation was not permit-
ted. Each treatment course comprised 28 days of con-
tinuous daily treatment with BIBF 1120. If a patient
experienced a drug-related dose-limiting toxicity (DLT),
the treatment with BIBF 1120 had to be discontinued. If
all DLTs were recovered to baseline or below grade 1 ac-
cording to the Common Toxicity Criteria for Adverse
Events version 3.0 within 14 days of stopping treatment
with BIBF 1120, treatment could be resumed at one-dose
lower level.

The dose escalation/reduction scheme was based on
the occurrence of drug-related DLTs within the first treat-
ment course. If a DLT was not observed in any of the first
three patients, the dose was escalated to the next level. If
a DLT was observed in one of the first three patients,
three additional patients were recruited to that dose
level. If a DLT occurred in only one of six patients, dose
escalation was permitted. If two or more of six patients
experienced a DLT, additional patients were recruited
at one-dose lower level for a total of at least six patients.
In addition to this dose escalation/reduction scheme, if
the investigators and independent data monitoring com-
mittee agreed that additional patients were necessary to
confirm the dose escalation/reduction decision in cases
in which two or more patients experienced DLTs, which
were not life-threatening, and were reversible and man-
ageable with or without medication, entering additional
patients at that dose level was allowed. The MTD was
defined as the highest dose level at which <33% of the
patients would experience a DLT during the first treat-
ment course. Once the MTD had been determined, that
cohort was expanded to at least 12 patients in total to
more completely assess the safety and tolerability of the
dose level.

Safety and efficacy assessments

The safety and tolerability of BIBF 1120 were assessed
according to Common Toxicity Criteria for Adverse
Events version 3.0. The following adverse events were
defined as DLTs: drug-related adverse events involving
hematologic or nonhematologic toxicity of Common
Toxicity Criteria for Adverse Events grade 3 or 4 within
the first treatment course with BIBF 1120. Objective
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tumor response was evaluated according to the Response
Evaluation Criteria in Solid Tumors (16).

Pharmacokinetics

Blood samples (4 mL) were collected on days 1 and
2, and 29 and 30 before and 0.5, 1, 2, 3, 4, 6, 8, 10, and
24 hours after dosing. Predose blood samples to deter-
mine trough pharmacokinetic values and the attain-
ment of a steady state of BIBF 1120 were collected on
days 8, 15, 22, and 29 in the first treatment course. For
pharmacokinetic reasons, BIBF 1120 was given only
once daily on days 1 and 29 in the first treatment
course. During repeated treatment courses (2-6), trough
pharmacokinetic samples were taken on days 15 and
29. Plasma concentrations of BIBF 1120 were analyzed,
and the pharmacokinetic variables were calculated in
the same manner as the previously conducted phase I
study (12).

Biomarker evaluation

The concentration of sVEGFR2 in plasma were mea-
sured by enzyme-linked immunosorbent assay on days
1, 2, 8, and 29 after BIBF 1120 treatment according to
the manufacture's instructions (R&D System).

CD117/c-KIT-positive BMD progenitor cell subsets
were measured with the use of flow cytometry. Periph-
eral blood was collected before starting, and after 2, 8,
and 29 days of BIBF 1120 treatment. The 800 uL of
whole blood was supplemented with 4.5 mL of 0.2%
bovine serum albumin (BSA)-PBS and centrifuged for
5 minutes (1,500 rpm). After the removal of superna-
tant by aspiration, 4.5 mL of 0.2% BSA-PBS was added
and centrifuged. Cell pellet was mixed with 50 pL of
human vy-globulin. Antibodies (CD34-FITC, CD117-PE,
and CD45-PerCP) were added and kept for 45 minutes

Table 1. Patient characteristics

Characteristic No. of patients
Median (range) age (y) 62 (41-81)
Sex
Male 11 (52%)
Female 10 (48%)
Performance status (ECOG)
0 5 (24%)
1 16 (76%)
Previous therapy
Surgery 18 (86%)
Chemotherapy 19 (91%)
Radiotherapy 6 (29%)
Tumor types
Colorectal cancer 14 (67%)
Non-small cell lung cancer 1(4.8%)
Small cell lung cancer 1 (4.8%)
Esophagus sarcoma 1 (4.8%)
Adrenal carcinoma 1(4.8%)
Renal cell carcinoma 1(4.8%)
Adenoid cystic carcinoma 1(4.8%)
Unknown primary site 1(4.8%)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

at 4°C. Hemolytic agent (4.5 mL) was added and incu-
bated for 10 minutes. After centrifugation (1,500 rpm,
5 min), supernatant was washed twice. Subsequently,
0.2% BSA-PBS (4.5 mL) was added, and supernatant
was removed by centrifugation (1,500 rpm, 5 min).
Cell pellet was filled up to 800 uL by BSA-PBS and
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Figure 2. Mean (+ SD) plasma concentration-time profiles of BIBF 1120 after single (A; day 1) and multiple (B; day 29) administration of 150, 200, and
250 mg BIBF 1120 twice daily.
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Table 2. Dose-escalation scheme and DLT

No. of

DLTs

BIBF 1120 dose (mg bid)

Total DLT in first course
150 3 0
200 12 ALT and y-GT increase; ALT increase;
AST, ALT, and y-GT increase
250 6 3 AST and ALT increase;

ALT increase; y-GT increase

Abbreviations: bid, twice daily; y-GT, y—glutamy! transferase.

analyzed by FACSCalibur flow cytometer (BD Bio-
sciences). Cell surface markers of CD133 and CD117
were further identified from the CD34*CD45%™ cells
in peripheral blood with the use of flow cytometry
(Fig. 4A). The cell phenotype data of CD133"/~
CD117 */~ cells were calculated by the percentage of
cell numbers of the target quadrant/those of all quad-
rants (CD34°CD45%™ cells).

Statistical analysis

Student's paired t-test was used to compare plasma
SVEGFR2 levels or circulating CD45%™CD34*CD117" cell
numbers between day 8 and before treatment, as well as
between day 29 and before treatment, to evaluate the

significance of changes induced by BIBF 1120 treatment
(Microsoft Excel). A P-value of <0.05 was considered sta-
tistically significant.

Results

Patient demographics

Twenty-one patients with advanced refractory solid
tumors were recruited between June 2006 and July 2007.
The demographic and clinical characteristics of the
patients are listed in Table 1. The median number of
cycles given per patient was three (range, 1-7 cycles),
and 10 patients received at least 4 cycles.

Table 3. Adverse events (>210% incidence) related to BIBF 1120 in all treatment courses
BIBF 1120 dose 150 bid (N = 3) 200 bid (N = 12) 250 bid (N = 6) Total (N = 21)
CTCAE grade 1/2 3/4 1/2 3/4 1/2 3/4 All

N N N N N N N (%)
ALT increased 0 0 4 4 3 2 13 61.9
AST increased 0 0 6 2 3 1 12 57.1
y-GT increased 0 0 4 4 2 2 12 57.1
Vomiting 1 0 9 0 2 0 12 571
Anorexia 1 0 8 0 2 0 1" 52.4
Fatigue 2 0 6 0 2 1 1 52.4
ALP increased 0 0 5 1 3 0 9 42.9
Nausea 1 0 5 0 2 0 8 38.1
Diarrhea 0 0 5 0 2 0 7 33.3
Hemoptysis 1 0 3 0 0 0 4 19.0
Upper abdominal pain 1 0 1 0 2 0 4 19.0
Weight decreased 0 0 4 0 0 0 4 19.0
Abdominal pain 1 0 2 0 0 0 3 14.3
Hypertension 1 1 1 0 0 0 3 14.3
Rash 0 0 2 0 1 0 3 14.3
Proteinuria 1 0 2 0 0 0 3 14.3
LDH increased 0 0 2 0 1 0 3 143
NOTE: Presented is the highest ever reached CTCAE grade. One patient may have experienced >1 event.
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; bid, twice daily; y-GT, y—glutamyl transferase; ALP, al-
kaline phosphatase; LDH, lactate dehydrogenase.
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Dose escalation and MTD

No DLT was observed at the starting dose of 150 mg
twice daily in the first three patients (Table 2), so the
dose was escalated to the second dose level of 200 mg
twice daily. Because one of the first three patients
experienced a DLT of grade 3, an increasein alanine
aminotransferase (ALT) and y-glutamyl transpeptidase
levels at 200 mg twice daily, three patients were addi-
tionally treated at this dose according to the protocol
definition. Among the first six patients treated at 200 mg
twice daily, two patients experienced a DLT of grade 3
(ALT and y-glutamyl transpeptidase increases in one pa-
tient, ALT increase in one patient). Given that these
increases in hepatic enzyme levels were fully rever-
sible, the investigators and independent data monitor-
ing committee agreed to add four more patients to
confirm the judgment of dose escalation/reduction
of the dose level. The four additional patients did not
experience a DLT, and overall, 2 of 10 patients at this
dose level experienced a DLT; therefore, dose escala-
tion proceeded to 250 mg twice daily. At this dose
level, three of six patients showed DLTs [aspartate
aminotransferase (AST) and ALT elevations of grade 3
in one patient, ALT elevation of grade 3 in one patient,
and y-glutamyl transpeptidase elevation of grade 3 in
one patient], and the MTD had been exceeded. The
next lower dose of 200 mg twice daily was therefore
identified as the MTD. According to the protocol defi-
nition, two additional patients were further evaluated
at the MTD cohort. Among the total of 12 patients who

received 200 mg twice daily, 3 patients experienced a
reversible grade 3 or 4 AST, ALT, and y-glutamyl
transpeptidase elevation, which correspond to DLT,
and 200 mg twice daily BIBF 1120 was thus confirmed
as the MTD.

Safety

Twenty-one patients received at least one dose of
study treatment and were evaluated for safety. As
shown in Table 3, the most frequent BIBF 1120-related
side effects were increased hepatic enzymes [ALT
(61.9% of patients), AST (57.1%), and y-glutamyl trans-
peptidase (57.1%)], vomiting (57.1%), anorexia (52.4%),
fatigue (52.4%), alkaline phosphatase increase (42.9%),
nausea (38.1%), and diarrhea (33.3%). Most of these
events were of mild-to-moderate intensity and of Com-
mon Toxicity Criteria for Adverse Events grade 1 or 2,
fully reversible and clinically manageable over all doses.
The predominant Common Toxicity Criteria for Adverse
Events grades 3 and 4 adverse events were reversible
liver enzyme elevations occurring at BIBF 1120 at
200 mg twice daily and BIBF 1120 at 250 mg twice daily
in a total of eight patients. Except for one patient with
combined grade 4 AST and ALT elevations, all elevations
were of grade 3 intensity. One patient in the BIBF 1120
150 mg twice daily cohort reported grade 3 hyperten-
sion, and another patient in the BIBF 1120 250 mg twice
daily cohort reported grade 3 fatigue. Drug-related in-
creases in hepatic enzymes occurred within the 1st week
after treatment initiation and were fully reversible on

Table 4. Pharmacokinetic variables of BIBF 1120 after a single dose (day 1) and multiple dosing for

29 days
Single dose BIBF 1120 dose (mg)

150 (N = 3) 200 (N = 12) 250 (N = 6)
Crmax, NG/mL 28.9 (61.5) 52.0 (64.3) 99.8 (70.3)
tmax", h 2.00 (1.00-6.00) 2.98 (1.98-4.00) 2.98 (1.00-4.07)
tyz h 10.3 (15.8) 10.2 (30.4) 9.53 (10.8)
AUCg.12, ng-h/mL 145 (88.3) 233 (40.9) 399 (64.9)
Multiple dosing 150 (N = 3) 200N=7) 250 (N = 3)
Crnax.se NG/ML 38.8 (107) 67.6 (74.3) 62.9 (14.4)
tmax,ss h 2.00 (1.98-4.00) 2.97 (1.98-3.98) 2.00 (1.00-4.00)
ti2,0e N 20.4 (55.3) 19.9 (75.5) 23.8 (39.4)
AUCqs, ng-h/mL 207 (135) 423 (66.2) 411 (9.15)
Rac 1.42 (35.4) 1.70 (40.9) 1.50 (79.0)

“Median (range).
N=5.
*N=6.
SN=2.

NOTE: Geometric mean (geometric coefficient of variation %).
Abbreviations: tmaxss, time to reach maximum plasma concentrations at steady state; AUC, area under the curve.
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cessation of treatment. There were no bleeding events or
clinically relevant hematologic toxicities during all treat-
ment courses throughout the study. Due to adverse
events or DLTs, four patients in the BIBF 1120 200 mg
twice daily and three patients in the BIBF 1120 250 mg
twice daily dose cohorts required dose reduction.

Pharmacokinetics

The pharmacokinetic variables after a single oral
dose and multiple oral doses of BIBF 1120 (150-250 mg
twice daily) are shown in Table 4. Maximum plasma con-
centrations [Cynax )] Were reached at 2 to 3 hours after dos-
ing after single and multiple dosing of BIBF 1120 (Fig. 2A
and B; Table 4). After attaining Cyy,,x, the plasma concentra-

tion declined in an apparent biexponential manner with the
terminal half-life of ~10 hours. Of note, the terminal half-life
of BIBF 1120 was calculated from samples obtained during
the first 24 hours post dose. After multiple dosing of BIBF
1120, Cprax were reached at 2 to 3 hours after dosing (Fig. 2B;
Table 4). The accumulation ratio (Rac) values based on
area under the curve were 1.42 to 1.7, and accumulation
was consistent with the terminal half-life observed after
single doses. Steady-state plasma concentrations were
attained atleast on day 8 of repeated twice daily oral dosing
based on visual inspection of the trough plasma concen-
tration. In general, C,ax and area under the curve were
increased with increasing dose. Trough plasma concentra-
tions of BIBF 1120 during repeated treatment courses were

|
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Figure 4. Levels of circulating CD117-BMD progenitor cells after BIBF 1120 treatment. A,

g the

flow ic analysis for

number of CD117-positive~-BMD progenitor cells defined as CD45%™CD34°CD117*. B, circulating levels of CD45°™CD34*CD117* cells decreased during

the 4-week treatment period.
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almost at the same level within each dose group. The range
of the geometric mean of the trough concentration was
14.4 to 38.4 nmol/L for the 150 mg twice daily group and
28.2 to 84.6 nmol /L for the 200 mg twice daily group. In the
250 mg twice daily group, the number of trough concentra-
tions collected during repeated treatment courses was very
limited due to the occurrence of dose reduction in this
group-

Tumor response

Twenty patients were evaluated for tumor response.
Although no complete or partial responses were ob-
served, 16 (76.2%) patients had stable disease for at least
two treatment courses (56 d). The disease stabilization was
observed across all the tested doses: BIBF 1120 150 mg, all
patients (100%) of 3; 200 mg, 9 (75%) of 12; 250 mg, 4 (67%)
of 6. Median progression-free survival for all patients was
113 days (95% confidence interval, 77-119 d).

Plasma levels of sSVEGFR2 during treatment with
BIBF 1120

At baseline, the mean plasma level of sVEGFR2 ob-
tained from 15 patients [150 mg twice daily (1 = 3), 200
mg twice daily (n = 9), and 250 mg twice daily (n = 3)]
was 7.7 + 1.7 ng/mL (range, 5.3-11.0 ng/mL). Plasma con-
centrations of sSVEGFR2 decreased significantly over the
first 4 weeks of treatment to a level of 5.8 + 1.3 ng/mL
(range, 3.2-8.8; P < 0.001, t-test; Fig. 3A). The decreases
in sVEGFR?2 levels were seen across all doses tested. As
shown in Fig. 3B, the decrease in sVEGFR2 showed an
inverse linear correlation with the trough plasma drug
levels of BIBF 1120 (r = -0.46).

Levels of circulating CD117/C-KIT*-BMD
progenitors during with BIBF 1120
Subsets of CD117-positive-BMD progenitor cells were
measured in progenitor-enriched (CD45%™CD34*) whole
blood of 15 patients [150 mg twice daily (1 = 3), 200 mg
twice daily (n = 9), and 250 mg twice daily (n = 3)].
CD117 was expressed in the CD45%™CD34* subset with a
level of 60% to 80%, and representative data are shown in
Fig. 4A. CD45%™CD34*CD117" cells significantly decreased
over all BIBF 1120 dose cohorts during the 1st cycle of
therapy (P = 0.009 on day 8 and P = 0.004 on day 29, t-test;
Fig. 4B).

Discussion

This phase I study showed that BIBF 1120 can be
safely given to Japanese patients with advanced solid
tumors, and the MTD was determined as 200 mg twice
daily, which was one dose lower than in Caucasian pa-
tients (12). Biomarker investigations revealed that the
plasma concentration levels of the sVEGFR2 and the
CD45%™CD34*CD117" cells significantly decreased over
the first 4 weeks of treatment with BIBF 1120.

As has been observed in previous phase I and phase IT
studies with BIBF 1120, gastrointestinal side effects, such

as vomiting, fatigue, nausea, and diarrhea, were the most
frequent adverse events (12, 15) and have also been ob-
served with other VEGFR inhibitors, such as sorafenib or
sunitinib (4, 5, 17). These side effects of mostly mild or
moderate intensity occurred predominantly at the MTD
of BIBF 1120 or at higher doses, and were easy to monitor
and manageable with standard supportive treatment.
Hypertension has also been reported with several other
VEGF and VEGEFR inhibitors (4, 5), and was observed
in three patients in this study. All cases were controllable
with appropriate antihypertensive treatment.

The pharmacokinetic analysis revealed that there was a
dose linear increase for C,x and area under the curve.
Cmax values were reached within 3 hours after adminis-
tration, and steady state was reached at least on day 8.
All pharmacokinetic variables displayed a moderate-
to-high variability as expected for an oral compound.
In addition, different patients with various anticancer
pretreatments have been enrolled in this study; thus, dif-
ferences in pretreatment and other intrinsic factors, such
as age and status, might have influenced the variability
of these variables, too. Overall, there was no difference
in the pharmacokinetic behavior of BIBF 1120 between
Japanese and Caucasian patients (12, 18). Based on the
trough plasma concentrations for BIBF 1120 at dose levels
>150 mg twice daily, sufficient exposure has been
reached to block the target structures of the molecule ac-
cording to the ICs values (8, 11).

All DLTs observed in this study were liver enzyme
elevations (grade 3 or 4 ALT, AST, and y-glutamyl trans-
peptidase). These liver enzyme elevations were fully
reversible, responded within 2 weeks to treatment dis-
continuation or dose reduction, indicating reversible liver
side effects, and were not accompanied by an increase of
bilirubin. However, at 200 mg twice daily of BIBF 1120 in
Caucasian patients, no such liver enzyme elevations were
observed in a previous phase I study (12). We cannot ex-
clude the possibility of ethnic differences, although there
were no pharmacokinetic differences between Japanese
and Caucasian patients. From the exploratory data eval-
uation, the body weight of all three patients who experi-
enced DLTs at 200 mg twice daily as MTD was below
50 kg, whereas that of the remaining nine patients treated
without DLTs was >50 kg. This finding suggested that
body size, such as body weight or body surface area,
might confer liver enzyme elevations on BIBF 1120, with
further investigation of possible dose dependency being
warranted.

Evaluation of novel targeted agents, such as VEGF sig-
naling inhibitors, may be supported by the identification
of suitable biomarkers of biological activity. The most
intuitive method to measure the effect of any anticancer
drug is to evaluate the tumor tissue. Tumor biopsy strat-
egies provide a way to thoroughly characterize tumor
histology and molecular processes with immunohisto-
chemistry, DNA microarray, and proteomics analyses.
Indeed, several considerable biomarkers of angiogenesis,
such as microvessel density or tumor VEGF expression,
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have been extensively investigated with the use of tumor
tissue specimens. On the other hand, identifying circulat-
ing biomarkers of angiogenesis would have the advan-
tage of being minimally invasive, allowing repetitive
sampling throughout treatment without the ethical and
technical complications of multiple biopsy. Circulating
levels of sSVEGFR2 were previously found to be decreased
by other VEGFR2 inhibitors that directly target this recep-
tor, such as AZD2171 (8) and SU11248 (9), although the
mechanism behind the consistent decrease in sVEGFR2
levels is not entirely understood (4, 5, 19-21). In the
present study, plasma sVEGFR2 levels showed time-
dependent decrease at all dose levels studied, and the
changes in sVEGFR2 were inversely associated with
trough plasma concentration of BIBF 1120, suggesting that
sVEGFR2 is a useful pharmacodynamic marker of drug
exposure, with similar findings reported for other agents.

Circulating endothelial cells have emerged as a poten-
tially useful surrogate marker of antiangiogenic drug
activity (4, 10, 19-21). They comprise two distinct popu-
lations: mature circulating endothelial cells, which origi-
nate from vessel walls and have a limited growth
capability, and BMD circulating endothelial cells, which
are responsible for most endothelial proliferative poten-
tial. Circulating BMD endothelial progenitors have been
reported to contribute to tumor vasculogenesis in animal
models as well as in humans (18, 21-23). However, the
variable degrees of incorporation of circulating endothe-
lial cells shown in different tumor models have led to
controversy about the extent of their actual involvement
in tumor vascularization. The identification of circulating
endothelial cells is highly complex and has been ham-
pered by the overlapping antigenic similarities, with a
lack of consensus about the definition of these endotheli-
al cells (4, 24). The pan-hematopoietic marker CD45 has
been widely used to first exclude hematopoietic cells (22).
CD34 was chosen as a colabel because it is reported to be
present on endothelial progenitors, and CD34" cells alone
can repopulate bone marrow in vivo (23). This present
study reported the first quantitative analysis of subsets
of circulating CD117-BMD progenitor cells, characterized
as CD45%™CD34*CD117%, after treatment with BIBF
1120. Results show that levels of circulating CD117-
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