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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 uL of
human y-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 28) administration of 150, 200, and

250 mg BIBF 1120 twice daily.
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Table 2. Dose-escalation scheme and DLT

BIBF 1120 dose (mg bid) No. of patients DLTs
Total DLT in first course
150 3 0
200 12 3 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—glutamyl transferase.

——

analyzed by FACSCalibur flow cytometer (BD Bio-
sciences). Cell surface markers of CD133 and CD117
were further identified from the CD34*CDA45%™ 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%4™ cells).

Statistical analysis

Student's paired t-test was used to compare plasma
SVEGFR2 levels or circulating CD454™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 (>10% 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 12 571
y-GT increased 0 0 4 4 2 2 12 57.1
Vomiting 1 0 9 0 2 0 12 57.1
Anorexia 1 0 8 0 2 0 11 52.4
Fatigue 2 0 6 0 2 1 11 52.4
ALP increased 0 0 5 1 3 0 9 42.9
Nausea 1 0 b 0 2 o] 8 38.1
Diarrhea 0 0 B 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 18.0
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 14.3
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—glutamy! 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 increascin 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. Al 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. Pharmacoknetic 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)
Crax: Ng/mL 28.9 (61.5) 52.0 (64.3) 99.8 (70.3)
trmax 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)"
AUCy. 2, ng-h/mL 145 (88.3) 233 (40.9) 399 (64.9)
Multiple dosing 150 (N = 3) 200 (N=7) 250 (N = 3)
Conax,ss nG/ML 38.8 (107) 67.6 (74.3) 62.9 (14.4)
I— | 2.00 (1.98-4.00) 2.97 (1.98-3.98) 2.00 (1.00-4.00)
ti/zss D 20.4 (55.3) 19.9 (75.5) 23.8 (39.4)8
AUC.s, ng-h/mL 207 (135) 423 (66.2) 411 (9.15)
Rac 1.42 (35.4) 1.70 (40.9) 1.50 (79.0)
NOTE: Geometric mean (geometric coefficient of variation %).
Abbreviations: ty.xss, time to reach maximum plasma concentrations at steady state; AUC, area under the curve.
*Median (range).
IN=5.
IN=6.
SN =2,
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Figure 3. sSVEGFR2 levels in plasma after
BIBF 1120 treatment. A, plasma sVEGFR2
levels decreased during the 4-week treatment
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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 [Cpax ss)] 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 C,,,x, the plasma concentra-

40

Trough drug level (ng/mL)

[ |
! period. B, the decrease in sVEGFR2 at cycle 1,
e ‘ day 29 showed a modest inverse correlation
with trough plasma drug levels of BIBF 1120
; (r = =0.46).
A 4 ‘
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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, C nax 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 at least on day 8 of repeated twice daily oral dosing
based on visual inspection of the trough plasma concen-
tration. In general, C,.x 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, representative flow cytometric analysis for determining the
number of CD117-positive-BMD progenitor cells defined as CD459™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 /1. for the 200 mg twice daily group. In the
250 mg twice daily group, the number of trough concentra-
tions collected during repealed 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 sVEGFR2 during treatment with
BIBF 1120

At baseline, the mean plasma level of sSVEGFR2 ob-
tained from 15 patients [150 mg twice daily (n = 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, (-test; Fig. 3A). The decreases
in sVEGFR?2 levels were seen across all doses tested. As
shown in Fig. 3B, the decrcase in sVEGFR2 showed an
inverse linear correlation with the trough plasma drug
levels of BIBF 1120 (r = -0.46).

Levels of dirculating CD117/C-KIT*-BMD
progenitors during treatment with BIBF 1120

Subsets of CD117-positive-BMD progenitor cells were
measured in progenitor-enriched (CD459™CD34") whole
blood of 15 patients [150 mg twice daily (n = 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. CD45Y""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;
Tig. 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-
Hents (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 11
studies with BIBEF 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 MTL
of BIBF 1120 or at higher doses, and were easy to monitor
and manageablc 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.
C.nax 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 ICsq 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
bitirubin. 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 sVEGFR2 were previously found Lo 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 sSVEGFR2 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 tumer 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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Purpose
The primary goal of this open-label, multicenter, randomized phase Il trial was to determine

whether treatment with carboplatin plus the oral fluoropyrimidine derivative S-1 was noninferior
versus that with carboplatin plus paclitaxel with regard to overall survival (OS) in chemotherapy-
naive patients with advanced non-small-cell lung cancer (NSCLC)

Patients and Methods

A total of 564 patients were randomly assigned to receive either carboplatin (area under the curve,
5) on day 1 plus oral S-1 (40 mg/m? twice per day) on days 1 to 14 or carboplatin (area under the
curve, 6) plus paclitaxel (200 mg/m?)} on day 1 every 21 days

Results

At the planned interim analysis, with a total of 268 death events available, the study passed the
O'Brien-Fleming boundary of 0.0080 for a positive result and noninferiority of carboplatin and S-1
compared with carboplatin and paclitaxel was confirmed for OS (hazard ratio, 0.928; 99.2% ClI,
0.671 to 1.283). Median OS was 15.2 months in the carboplatin and S-1 arm and 13.3 months in
the carboplatin and paclitaxel arm, with 1-year survival rates of 57.3% and 55.5%, respectively.
Rates of leukopenia or neutropenia of grade 3/4, febrile neutropenia, alopecia, and neuropathy
were more frequent in the carboplatin and paclitaxel arm, whereas thrombocytopenia, nausea,
vomiting, and diarrhea were more common in the carboplatin and S-1 arm. The carboplatin and S-1
arm had significantly more dose delays than the carboplatin and paclitaxel arm.

Conclusion

Oral S-1 with carboplatin was noninferior in terms of OS compared with carboplatin and paclitaxel
in patients with advanced NSCLC, and is thus a valid treatment option.

J Clin Oncol 28:56240-5246. © 2010 by American Society of Clinical Oncology

consists of tegafur, 5-chloro-2,4-dihydroxypyridine,
and potassium oxonate in a molar ratio of 1:0.4:1.%7
A phase 11 trial of oral S-1 as a single agent for the
treatment of advanced NSCLC yielded a response
rate of 22% and a median survival time of 10.2

Lung cancer is the leading cause of death related to
cancer worldwide," with non-small-cell lung cancer
(NSCLC) accounting for 85% of lung cancer cases. For

individuals with advanced or metastatic NSCLC,
platinum-based chemotherapy is the mainstay of first-
line treatment on the basis of the moderate improve-
ment in survival and quality of life it affords compared
with best supportive care alone.”” Thus, there is still a
need for new treatment regimens to ameliorate symp-
toms and prolong survival in patients with advanced
NSCLC in a manner that is both convenient and safe.
S-1 (TS-1; Taiho Pharmaceutical Co Ltd, To-
kyo, Japan) is an oral fluoropyrimidine agent that

5240 © 2010 by American Society of Cinical Oncology
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monthsin 59 patients without prior chemotherapy.”
We previously performed a phase I/II study of
carboplatin/S-1 combination therapy and found
that administration of S-1 (40 mg/m” twice per day)
ondays | to 14 in combination with carboplatin (area
under the curve [AUC], 5) on day 1 of every 3-week
cycle yielded efficacy results similar to those of other
platinum doublets.” The carboplatin and S-1 com-
bination had a more favorable toxicity profile than
that typically seen with platinum-based regimens,

Copyright © 2010 American S6digty31 C2ird6al Oncology. All rights reserved



S-1 and Carboplatin v Paclitaxel and Carboplatin for NSCLC

Randomly assigned (n = 564)
Lost to follow-up n=1)

Carboplatin/paclitaxel arm  (n = 281) Carboplatin/S-1 arm {n =282)
Not treated Not treated
with chemotherapy with chemotherapy
(n=2) (n=3)

Treated with Treated with
carboplatin/paclitaxel {n=279) carboplatin/S-1 (n =279)

| |

Discontinued treatment  (n = 168) Discontinued treatment  (n = 173)
Progression (n=82) Progression (n=105)
Toxicity {n=139) Toxicity (n = 30)
Withdrawal of consent  (n =13} Withdrawal of consent  {n = 18)
Protocol violation fn=0) Protocol violation in=1
Investigator decision (n=24) Investigator decision (n=21)

Fig 1. CONSQORT diagram for the study

especially with regard to neutropenia, febrile neutropenia, neuropa-
thy, and alopecia.” In addition, replacement of paclitaxel with oral S-1
in combination therapy with carboplatin avoids the need for premed-
ication to ameliorate paclitaxel-induced hypersensitivity and the
3-hour infusions required for paclitaxel administration. We therefore
undertook and now report the results of the LETS (Lung Cancer
Evaluation of TS-1) study, a multicenter, randomized, phase I11, non-
inferiority trial of carboplatin and S-1 in comparison with carboplatin
and paclitaxel combination therapy in chemotherapy-naive patients
with advanced NSCLC.

PATIENTS AND METHODS

Patients
The criteria for patient eligibility included a diagnosis of NSCLC con-
firmed either histologically or cytologically; a clinical stage of IIIB not amena-

ble to curative treatment or of stage IV; a measurable lesion according to the
Response Evaluation Criteria in Solid Tumors (RECIST)'% no prior chemo-
therapy; an age of 20 to 74 years; an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1; and a projected life expectancy of at least
3 months. Patients had adequate bone marrow reserve and organ function
including a calculated creatinine clearance of = 60 mL/min based on the
standard Cockeroft and Gault formula. Radiation therapy for metastatic dis-
ease was permitted if it was completed at least 2 weeks before random assign-
ment. Main exclusion criteria included active concomitant malignancy,
symptomatic brain metastasis, interstitial pneumonia, watery diarrhea, heart
failure, uncontrolled diabetes mellitus, active infection, and a past history of
drugallergy. These inclusion and exclusion criteria arc consistent with those of
previous studies involving carboplatin and paclitaxel treatment.'' Written
informed consent was obtained from all patients, and the study protocol was
approved by the institutional ethics committee of each of the participat-
ing institutions.

Treatment Plan

Eligible patients were randomly assigned to receive either carboplatin
(AUG, 6) plus paclitaxel (200 mg/m?) on day 1'" or carboplatin (AUC, 5) on
day 1 plus oral S-1 (40 mg/m” twice per day) on days 1 to 14. Chemotherapy
was repeated every 3 weeks for a maximum of six cycles unless there was earlier
evidence of disease progression or intolerance of the study treatment.

End Points

The primary objective of this open-label, multicenter, randomized phase
111 trial was to establish the noninferiority of S-1 plus carboplatin compared
with paclitaxel plus carboplatin as first-line therapy in terms of overall survival
(OS) in patients with advanced NSCLC. Secondary end points included tumor
response, treatment safety, quality of life (QOL), and progression-free sur-
vival (PES).

Baseline and Follow-Up Assessments

Baseline evaluations included medical history, physical examination,
ECG, tumor status, ECOG performance status, and laboratory analyses. Dur-
ing treatment, blood counts and biochemical tests were performed at least
biweekly. A computed tomography scan was performed for tumor assessment
within 14 days of initiation of study treatment and was repeated after every 1 to
2 months of planned therapy. All responses were defined according to
RECIST. Ifa patient was documented as having a complete response (CR) or a

Table 1. Patient Demographic and Clinicai Characteristics

Carboplatin/Paclitaxel (n = 281)

Carboplatin/S-1 (n = 282)

Characteristic No % No % P
Age, years
Median 63 64 510
Range 36-74 38-74
Sex
Male 216 765 217 770 902
Female 66 236 65 230
ECOG PS
0 90 320 86 30.5 695
1 191 68.0 196 69 5
Histology
Adenocarcinoma 195 69 4 195 68 1 560
Nonadenocarcinoma 86 30.6 87 309
Clinical stage
B 68 242 68 241 981
v 213 75.8 214 75.9
Smoking status
Smoker 229 816 230 816 984
Nonsmoker 52 1856 52 84

Abbreviation: ECOG PS, Fastern Cooperative Oncology Group performance status
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partial response (PR), a confirmatory evaluation was performed after an inter-
val of 4 weeks. Disease control was defined as the best tumor response among
CR, PR, or stable disease that was confinned and sustained for 6 weeks or
longer. Patients were evaluated for adverse events during therapy and until 42
days after administration of the last dose of the study treatment. Toxicity was
evaluated according to the National Cancer Institute Cancer Common Toxic-
ity Criteria, version 3. QOL was assessed with the lung cancer subscale of the
Functional Assessment of Cancer Therapy-Lung (FACT-L)'” and the neuro-
toxicity subscale of the FACT/Gynecology Oncology Group-Neurotoxicity
(GOG-Ntx) version 4.'? In addition, alopecia was evaluated on the basis of the
single item “I have been bothered by hair loss,” which was included in the
former version of FACT-L. The maximum attainable scores on the lung cancer
subscale, neurotoxicity subscale, and alopecia item were 28, 44, and 4, respec-
tively, with which the patient was considered to be asymptomatic. Patients
were asked to complete each instrument at the time of enrollment and at 6 and
9 weeks after initiation of treatment.

Statistical Analysis

Eligible patients were randomly assigned according to a 1:1 ratio to
receive either carboplatin and paclitaxel or carboplatin and S-1. After a check
of patient eligibility, random assignment was performed centrally at the West
Japan Oncology Group data center by minimization with stratification factors
including disease stage (II1B v IV), type of histology (adenocarcinoma v nonad-
enocarcinoma), sex (male v fernale), and investigator center. The intent-to-
treat (ITT) patient population included all patients who underwent random
assignment. The per-protocol (PP) population was defined as the ITT popu-
lation minus patients considered to have major violations of inclusion or
exclusion criteria and those who did not receive any protocol treatment. The
safety population was defined as all patients receiving at least one dose of study
drugs. The primary end point of the study was OS, which was analyzed in the
ITT population by estimation of the hazard ratio (HR) and two-sided 95% CI
derived from a Cox regression model with adjustment for the stratification
factors with the exception of investigator center. Median OS in both treatment
arms was assumed to be 14 months on the basis of data from previous clinical
trials.'' Noninferiority of carboplatin and S-1 was to be concluded if the upper
limit of the 95% Cl of the FIR was lower than 1.33; that is, the null hypothesis
that the median OS of the carboplatin and S-1 group would be up to 3.48
months shorter than that of the carboplatin and paclitaxel group was analyzed.
Demonstration of noninferiority with a statistical power of 85% at a two-sided
significance level of .05 and 2 years of [ollow-up after 2.5 years ofaccrual would
require 263 patients in each treatment group. Given the possibility of variance
inflation due to censoring, the sample size was set at 560 (280 per arm). One
interim analysis was planned when all the patients had been enrolled. For
analysis of the primary end point, adjustment for multiple comparisons was
handled by the method of Lan and DeMets, with the use of the O’Brien-
Fleming type a spending function. The significance level was setat .008 for the
interim analysis, taking the numbers of observed events (n ~ 268) and ex-
pected events (n = 442) into account. Survival curves (PFS and OS) were
analyzed by the Kaplan-Meier method and were compared between groups by
the Cox regression model. The 95% CI for median PFS and OS was calculated
by the method of Brookmeyer and Crowley. Planned subgroup analyses for OS
were performed to examine the interaction effect of treatment arm with each
of performance status, sex, disease stage, type of histology, and smoking status.
Patient characteristics (ie, sex, ECOG PS, histology, clinical stage, and smoking
status) as well as response and toxicity incidence were compared between the
two treatment arms by the y? test, and age was compared by the Wilcoxon test.
Longitudinal QOL data were analyzed with a lincar mixed-effects model. All P
values were two sided. Statistical analyses were performed with SAS for Win-
dows, release 9.1 (SAS Institute, Cary, NC).

Patient Characteristics
From August 2006 to May 2008, 564 paticnts from 30 institutions
were enrolled in the study. One patient was excluded from the carbo-

5242 © 2010 by Amencan Society of Chnical Oncology

platin and paclitaxel arm because of loss to follow-up. The I'T'l' popu-
lation thus consisted of 563 patients: 281 individuals randomly
assigned to the carboplatin and paclitaxel group and 282 individuals
randomly assigned to the carboplatin and S-1 group (Fig 1). The
baseline demographic and disease-related characteristics of the study
subjects were well-balanced between the two treatment arms (Table
1). Two patients in the carboplatin and paclitaxel arm and three
patients in the carboplatin and $-1 arm did not receive any chemo-
therapy, with the result that 558 patients were eligible for safety anal-
ysis (Fig 1).

Delivered Chemotherapy

The number of treatment courses administered was 1,037 in the
carboplatin and paclitaxel arm (median, 4; range, 1 to 6) and 987 in the
carboplatin and S-1 arm (median, 4; range, 1 to 6). Dose reductions
occurred in 90 (8.7%) of the carboplatin and paclitaxel courses and in
49 (5.0%) of the carboplatin and S-1 courses. Carboplatin and pacli-
taxel dose reductions were mainly due to neuropathy, whereas those
for carboplatin and S-1 were most commonly attributable to throm-
bocytopenia. Dose delays occurred in 47.9% of carboplatin and pac-
litaxel courses and 68.5% of carboplatin and S-1 courses. Delays due to

A Median, months
100 4 = Carboplatin/paclitaxel 13.3 (95% Cl, 11.7 to 15.1)
- w= Carboplatin/S-1 15.2 (95% Cl, 12.4 t0 17.1)
s
2 HR, 0.928; 95% Cl, 0,730 to 1,179
Z 804 (99.2% CI,0.671 to 1,283)
=
2
S 60
a
©
2
= 404
=
)
S 204
-4
>
S
T T L T T L] T T
0 3 6 9 12 15 18 21 24
Time From Random Assignment {months)
Carboplatin/paclitaxel 263 207 134 8 49 27 n 4
Carboplatin/S-1 262 214 144 100 60 39 19 3

Median, months
- Carboplatin/paclitaxel 4.8 (95% Cl, 4,210 5.1)

100 !
= Carboplatin/S-1 4.1(95% Cl,3.7t0 4.7)
= HR, 0,998; 95% CI, 0.837 to 1.190
& 80
Sz
EE g
53
7 e
@ O-
5w 407
2.2
(o
=
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T T L] \ ¥ T - L T
0 3 6 9 12 15 18 21 24
Time From Random Assignment {months)
Carbaplatin/paclitaxel 200 81 pX] 9 1 2 1 0
Carbaplatin/S-1 187 87 27 12 4 2 1 0

Fig 2. (A) Overall survival and (B) orogression-free survival for the intent-to-treat
population (n = 563) HR, hazard ratio
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Carboplatin/S-1 Carboplatin/paclitaxel Harard Ratio
No. of No, of {95% Ch
patients Events patients Events
P50 {n = 176) 86 32 90 34 — 0.951 (0.586 to 1.543)
PStin - 387} 196 102 191 100 0.918 (0.697 10 1.212)
Male in = 432) 217 11 215 13 - 0.854 (0,657 to 1.111)
Female (n- 131} 65 23 66 21 - -t—1{ 1.189 (0.657 10 2.150)
Stage 11IB {n = 136) 68 32 68 33 =t E 0.765 {0.489 to 1,249)
:
Stage IV {n=-427) 214 102 213 101 ! 0.977 (0.742 to 1.286) Fig 3, Subgroup analysis of overall survival
: n the intent-to-trcat population (n ~ 563}
Adeno (n = 390) 195 92 195 86 0978 (0.728 0 1.313} PS, performance status; Adeno, adenocarci-
Nonadeno (n=173) 87 42 86 48 [ ' 0.817 0.540 ta 1.238) norna; Nonadeno, nonadenocarcinoma.
Nonsmoker {n = 104) 52 14 52 18 | — 4 0.884 (0,429 to 1.821)
Smoker {n =459) 230 120 229 18 0,924 {0.717 to 1,193}
All (n =663) 282 134 281 134 0.928 (0.730 to 1.179)
0,0 1.0 1,33 2.0
Hazard Ratio (95% Cl)
Favors carboplatin/  Favors carboplatin/
$-1 paclitaxel

hematologic toxicity occurred in a higher proportion of carboplatin
and S-1 courses (51.6%) than carboplatin and paclitaxel courses
(9.6%). S-1 was administered for the planned 14 days without inter-
ruption in 89.1% of carboplatin and $-1 courses. The median relative
dose intensities were high for both carboplatin and paclitaxel (89.6%
and 87.6%, respectively) and carboplatin and S-1 arms (83.3% and
94.3%, respectively). The most frequent reason for discontinuation of
therapy was disease progression in both arms. Treatment was with-
drawn before completion froma similar proportion of patients in each
group (13.6% for carboplatin and paclitaxel and 10.7% for carbopla-
tin and S-1) because of adverse events.

Efficacy

At the interim analysis planned for when patient enrollment was
completed, 268 death events were available in total. The study passed
the O’Brien-Fleming boundary of 0.0080 for a positive result witha P
value of .002. The HR (or OS (carboplatin and $-1 v carboplatin and
paclitaxel) inthe ITT population was 0.928, with a two-sided 99.2% Cl
after adjustment for multiplicity due to interim analysis ot 0.671 to
1.283 (g 2A). Noninferiority of carboplatin and S-1 therapy was thus
confirmed at the interim analysis by the upper limit of the Cl being less
than the protocol-specified margin of 1.33. The crude (unadjusted)
95% Cl of the HR for OS of 0.928 was 0.730 to 1.179 in the ITT
population, and an HR for OS of 0.931 (93% CI, 0.732 to 1.186) was
obtained with the PP population. Median OS was 15.2 months (95%
Cl, 12.4to 17.1) in the carboplatin and $- 1 arm and 13.3 months (5%
CI, 1 1.7 to 15.1} in the carboplatin and paclitaxel arm, with the 1-year
survival rates being 57.3% and 55.5%, respectively. Subgroup analysis
of OS in the ITT population according to stratification variables and
other baseline characteristics were consistent with the primary analy-
sis. A significant interaction effect between treatment arm and sub-
groups was not observed. The 95% CI for the HR in each subgroup
included 1.00 (Fig 3).

Www 0,018

The median PFS was 4.1 months in the carboplatin and §-1 arm
and 4.8 months in the carboplatin and paclitaxel arm in the ITT
population, with a corresponding HR 0f 0.998 and 95% C1 of 0.837 to
1.190 (Fig 28B). In the PP population, the median values of PES were
4.2 and 4.8 months for the carboplatin and $-1 and carboplatin and
paclitaxel arms, respectively, with a corresponding HR of 0.992 and
95% CI of 0.832 to 1.184. Responsc to treatment was assessed in 279
patients (99.3%) of the carboplatin and paclitaxel group and in 279
patients (98.9%) of the carboplatin and $-1 group. For overall re-
sponse (CR + PR) rate, carboplatin and paclitaxel was superior to
carboplatin and S-1 (29.0% v 20.4%; P = .019, x” test), whereas the
overall disease control {CR + PR + stable disease) rate was similar in
both treatment groups {73.5% v 71.7%, respectively; P = .635).

Safety

The incidence of leukopenia or neutropenia of grade 3 or 4 was
significantly lower for patients in the carboplatin and S-1 arm than for
those in the carboplatin and paclitaxel arm (leukopenia, 5% v 33%;
neutropenia, 21% v 77%, respectively), as was the incidence of febrile
neutropenia (1% v 7%; Table 2). Conversely, treatment with carbo-
platin and S-1 was associated with a higher rate of thrombocytopenia
of grade 3 or 4 than was that with carboplatin and paclitaxel (33% v
9%, respectively). Platelet transfusion was also necessary for more
patients in the carboplatin and S-1 arm than in the carboplatin and
paclitaxel arm (8% v 2%, respectively; P = .002), The overall rates of
neuropathy and alopecia were much lower in the carboplatin and S-1
arm {neuropathy, 16% v 81%; alopecia, 9% v 77%), whereas nausea,
vorniting, and diarrhea occurred more frequently in the carboplatin/
S-1 arm (Table 2). Death as a result of toxicity occurred in two
patients; one death in the carboplatin and $-1 arm was associated with
gastrointestinal hemorrhage, and another patient in the carboplatin
and paclitaxe! arm died of febrile neutropenta and pneumonia.

5243
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Tahle 2. Incidence of Drug-Related Toxicities in Randomly Assigned and Treated Patients
Regimen by Grade (%)
Carboplatin/Paclitaxel (n = 279) Carboplatin/S-1 (n = 279) P
Toxicity All 3 4 All 3 4 All 3ord
Hematologic
Leukopenia 86.0 29.7 29 554 5.0 0.4 < 001 < 001
Neutropenia 89.6 319 448 583 183 29 < 001 < .001
Anemia 824 143 256 86.7 16.5 36 165 680
Thrombocytopenia 63 1 72 22 874 19.4 13.3 < 001 < 001
Nonhematologic
Febrile neutropenia 72 68 04 1 151 0 < 001 < 001
Nausea 491 22 4] 624 18 0 002 475
Vomiting 237 1" 0 341 1.8 0 007 837
Diarrhea 208 1M 0 326 3.2 0 002 302
Neuropathy: sensory 810 29 0 158 04 0 < 001 668
Arthralgia 67 4 25 0 7.9 0 0 < 001 357
Alopecia 767 83 < 001
NOTE Differences between the two arms were evaluated by the x° test

QoL

Atrandom assignment, 99.6% of patients (562 of 564) completed
baseline questionnaires, with the questionnaire completion rates be-
ing 93.4% at 6 weeks and 90.1% at 9 wecks. Compliance rates were not
significantly different between the treatment arms. QOL data were
missing in 38 surveys due to death or severe impairment of the pa-
tient’s general condition, which accounted for 2.3% of the total num-
ber of the surveys scheduled. There was no significant difference in the
lung cancer subscale of FACT-L between the treatment arms (Fig 4).
Scores on the neurotoxicity subscale of FACT/GOG-Ntx had de-
creased significantly in the carboplatin and paclitaxel arm after two
cycles of chemotherapy (Fig 4); the adjusted mean scores at 6 and 9
weeks were 41.2 and 41.0 for the carboplatin and S-1 arm and 38.2 and
37.1 for the carboplatin and paclitaxel arm. The alopecia score was also
significantly worse in the carboplatin and paclitaxel arm than in the
carboplatin and S-1 arm (P < .001, analysis of variance), with the
adjusted means at 6 and 9 weeks being 3.8 and 3.7 for carboplatin and
S-1and 1.7 and 1.9 for carboplatin and paclitaxel (P < .001 at both 6
and 9 weeks, Tukey-Kramer multiple-comparison test).

Poststudy Treatment

There were no major differences in poststudy treatment be-
tween the two arms. Overall, 69.4% of carboplatin and paclitaxel
patients and 75.5% of carboplatin and S-1 patients received an
additional line of therapy (P = .103, x” test). Docetaxel was admin-
istered in 43.4% and 52.0% of patients and epidermal growth
factor receptor tyrosine kinase inhibitors were administrated in
24.0% and 27.2% of patients in the carboplatin and paclitaxel and
carboplatin and S-1 arms, respectively.

Rl DISCUSSION

Our phase TIT study is the first to evaluate the efficacy of an S-1-
containing regimen in comparison with standard platinum-doublet
chemotherapy for first-line treatment of patients with advanced
NSCLC. The primary objective of the study—determination of the
noninferiority of carboplatin and S-1 compared with carboplatin and
paclitaxel in terms of OS—was met at the planned interim analysis.

~ 4 - Carboplatin/paclitaxel

@+ Carboplatin/S-1
Fig 4. Ouality of life assessments with the
(left) seven-item Functional Assessment of
Cancer Therapy-Lung (FACT-L) and (nght)
11-item FACT/Gynecology Oncology Group-
b Neurotoxicity (GOG-Ntx) scales Data are
Ny least square means + 35% CI Higher scores
. indicate better quality of life P values shown
. were determined by analysis of variance, with
Pbeing less than 001 for comparison of FACT/
T~ .. GOG-Ntx scores between the two arms at
- both 6 and 9 weeks by the Tukey-Kramer
multipte-comparison test

P<.001

24 4 44 4
- @ - Carboplatin/paclitaxel
& - Carboplatin/s-1
P - .602 g 42
o
g w
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=l i ) 40 -
. o
2 o, 2
— =
i BT - gue— i (’3
'I T I 38
w
20 - - 1 36
Baseline 6 weeks 9 weeks

Baseline

6 weeks 9 weeks

5244  © 2010 by American Society of Clinical Oncology

JOURNAL OF CLINTCAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at KINKI UNIVERSITY on February 7, 2011 from
Copyright © 2010 American S6didty3o1 Q2i@aal Oncology. All rights reserved.

49



S-1 and Carboplatin v Paclitaxel and Carboplatin for NSCLC

Analysis of OS in the ITT and PP populations as well as in subgroups of
the study subjects demonstrated the noninferiority of carboplatin and
S-1. Although there was a significant difference in response rate favor-
ing carboplatin and paclitaxel, disease control rate and PFS were
similar {or carboplatin and S-1 and carboplatin and paclitaxel. Given
that subsequent therapies after discontinuation of the study treatment
were well-balanced between the treatment groups, it is unlikely that
poststudy therapy confounded survival results. Collectively, our sec-
ondary data indicate that the findings of the main analysis are robust.
Although the protocol-specified noninferiority margin of 1.33 may be
large, the survival curves themselves mostly coincided for the two
treatment arms and median OS in the carboplatin and S-1 group was
noteworthy at approximately 15 months.

The profile of adverse events associated with carboplatin and S-1
and carboplatin and paclitaxel was as expected, but there were marked
differences in the incidence of some of these events. Carboplatin and
paclitaxel treatment resulted in a typically high incidence of neutrope-
nia of grade 3 or 4 (76.7%) as well as of febrile neutropenia (7.2%),
compared with incidences of only 21.1% and 1.1%, respectively, for
carboplatin and S-1. These rates of neutropenia associated with car-
boplatin and paclitaxel treatment are consistent with those observed
in previous studies of Japanese patients.''* Carboplatin and -1 treat-
ment showed a significantly higher rate of thrombocytopenia, which
was the most frequent reason for dose delays in the carboplatin and
S-1 group. However, this condition was considered manageable be-
cause it was associated with bleeding of grade 3 in only one patient.
With regard to nonhematologic toxicities, neuropathy, arthralgia, and
alopecia were much less frequent in patients treated with carboplatin
and S-1 than in those receiving carboplatin and paclitaxel. Consistent
with these results, carboplatin and S-1 treatment showed a clinically
relevant improvement in QOL. as asscssed by the FACT/GOG-Ntx
scale and alopecia score. Despite these QOL benefits with carboplatin
and S-1, however, there was no significant difference in FACT-L score
between carboplatin and S-1 and carboplatin and paclitaxel, possibly
because of other more toxic effects of carboplatin and S-1. The inci-
dence of nausea, vomiting, and diarrhea of any grade was higher in
patients assigned to the carboplatinand S-1 arm than in thosc assigned
to carboplatin and paclitaxel, although grades 3 or 4 of these toxicities
were uncommon (<< 4%) in both groups. The relative dose intensity
of S-1 was 94.3% in the carboplatin and S-1 arm (median of four cycles
administered), and treatment was discontinued in only approximately
10% of patients in this arm because of adverse events. Overall, these
data indicate that carboplatin and S-1 was well-tolcrated, with contin-
uation of treatment as specified in the protocol not being a problem.
According to our previous phase /11 study of carboplatin and S-1,°
this study excluded elderly (= 75 years old) patients. Given its efficacy

and favorable toxicity profile, the combination of S-1 and carboplatin
warrants further evaluation in elderly patients.

In conclusion, our present study demonstrates the noninferiority
of carboplatin and S-1 relative to carboplatin and paclitaxel in terms of
OS for patients with advanced NSCLC. Carboplatin and S-1 is there-
fore a valid therapeutic option for the first-line treatment of patients
with advanced NSCLC.
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Abstract

The molecular mechanism by which epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKI)
induce apoptosis in non-small cell-lung cancer (NSCLC) cells that are positive for activating mutations of the
EGFR remains unclear. In this study, we report the effects of the EGFR-TKI gefitinib on expression of the
antiapoptotic protein survivin that have functional consequences in EGFR mutation-positive NSCLC cells.
Immunoblot analysis revealed that gefitinib downregulated survivin expression, likely through inhibition of the
PI3K-AKT signaling pathway, in NSCLC cells positive for EGFR mutation. Stable overexpression of survivin
attenuated gefitinib-induced apoptosis and also inhibited the antitumor effect of gefitinib in human tumor
xenografts. Furthermore, the combination of survivin overexpression with inhibition of the gefitinib-induced
upregulation of the proapoptotic protein BIM attenuated gefitinib-induced apoptosis to a greater extent than
cither approach alone. Our results indicate that downregulation of survivin plays a pivotal role in gefitinib-
induced apoptosis in EGFR mutation—positive NSCLC cells. Furthermore, they suggest that simultaneous
interruption of the PI3K-AKT-survivin and MEK-ERK-BIM signaling pathways is responsible for EGFR-TKI-

10402

induced apoptotic death in these cells. Cancer Res; 70(24); 10402-10. ©2010 AACR.

Introduction

Survivin is a member of the inhibitor of apoptosis (IAP)
family of proteins and has been shown to inhibit caspases
and to prevent caspase-mediated cell death (1-3). Survivin is
abundant in many types of cancer cells but not in the
corresponding normal cells (4, 5). In nonmalignant prolif-
erating cells, the expression of survivin is regulated in a cell
cycle-dependent manner (6, 7). The upregulation of survivin
expression in tumors does not seem to be dependent solely
on the cell cycle, however, given that it occurs in tumor cells
that are not actively cycling (4, 8, 9). Indeed, growth factors
have been found to regulate survivin expression in endothe-
lial cells and neuroblastoma cells (10, 11). Although expres-
sion of survivin has been demonstrated in non-small cell-
lung cancer (NSCLC; refs. 12-14), the mechanism by which
such expression is regulated in NSCLC cells has remained
unknown.
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The epidermal growth factor receptor (EGFR) is a receptor
tyrosine kinase that is abnormally amplified or activated in a
variety of tumors including NSCLC, and it has therefore been
identified as an important target in cancer treatment (15-17).
Inhibitors of the tyrosine kinase activity of EGFR (EGFR-TKI),
which compete with ATP for binding to the tyrosine kinase
pocket of the receptor, have been extensively studied in
patients with NSCLC (18, 19). Several prospective clinical
trials have revealed marked antitumor activity of EGFR-TKIs
in NSCLC patients with EGFR mutations. The therapeutic
benefit of these drugs is much greater than that historically
observed with standard cytotoxic chemotherapy for advanced
NSCLC. NSCLC cells with EGFR mutations manifest activation
of the PI3K (phosphatidylinositol 3-kinase)-AKT and MEK-
FRK (extracellular signal-regulated kinase) signaling pathways
under the control of EGFR, and exposure of such cells to
EGFR-TKIs blocks signaling by both pathways and induces
apoptosis (20-22). The precise molecular mechanism by
which EGFR-TKIs induce apoptosis has remained unclear,
however. We have therefore now examined the effect of the
EGFR-TKI gefitinib on survivin expression as well as further
investigated the mechanisin of gefitinib-induced apoptosis
in EGFR mutation—positive NSCLC cells.

Materials and Methods

Cell culture and reagents

The human NSCLC cell lines PC9, HCC827, NCI-H1975
(111975), A549, and H1299 were obtained from American Type
Culture Collection. The NSCLC line PC9/ZD was obtained as
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described previously (23). All cells were cultured under a
huriidified atmosphere of 5% CO, at 37°C in RPMI 1640
medium (Sigima) supplemented with 10% fetal bovine serum.
Gefitinib was obtained from Kemprotec, U0126 and LY294002
were from Cell Signaling Technology and BEZ235 and
AZD6244 were from ShangHai Biochempartner.

Tmmunoblot analysis

Cells were washed twice with ice-cold PBS and then lysed in
a solution containing 20 mmol/L Tris-HCI {pH 7.5), 150 mmol/
L. NaCl, I mmol/L EDTA, 1% Triton X-100, 2.5 mmol/L sodium
pyrophosphate, 1 mmol/L phenylmethylsulfonyl fluoride, and
leupeptin (1 pg/mL). The protein concentration of the cell
lysates was determined with the use of the Bradford reagent
(Bio-Rad), and equal amounts of protein were subjected to
SDS-PAGE on a 7.3% gel. The separated proteins were trans-
ferred to a nitrocellulose membrane, which was then exposed
to 5% nonfat dried milk in PBS for | hour at room temperature
before incubation overnight at 4°C with primary antibodies.
Rabbit polyclonal antibodies to humnan phosphorylated EGFR
(pY1068), to XIAP, to phosphorylated and total AKT, to
phosphorylated and total ERK, to poly(ADP-ribose) polymer-
ase (PARP), to caspase-3, and to BIM were obtained from Cell
Signaling Technology; those to survivin were from Santa Cruz
Biotechnology; those to cIAP-1 were from R&D Systems; and
those to B-actin were from Sigma. Mouse monoclonal anti-
bodies to EGFR were obtained from Invitrogen. All antibodies
were used at a 1:1,000 dilution, with the exception of those to
B-actin (1:200). The nitrocellulose membrane was then
washed with PBS containing 0.05% Tween 20 before incuba-
tion for 1 hour at room temperature with horseradish perox-
iduse-conjugated goat antibodies to rabbit (Sigma) or mouse
(Santa Crnz Biotechnology) immunoglobulin G. Immune com-
plexes were tinally detected with chemiluminescence reagents
(Perkin-Elmer Life Science).

Gene silencing

Cells were plaled at 50% to 60% confluence in 6-well plates
or 25-cm” flasks and then incubated for 24 hours before
transient. transfection for the indicated times with small
interfering RNAs (siRNA) mixed with the Lipofectamine
reagent (Invitrogen). The siRNAs specific for AKT (AKT-1,
5.CCAGGUAUUUUGAUGAGGA-3; AKT-2, 5-CAACCGC-
CAUCCAGACUGU-3), survivin (survivin-1, 5-GAAGCA-
GUUUGAAGAAUUA-3'; survivin-2, 5'-AGAAGCAGUUU-
GAAGAAUU-3'), or BIM (BIM-1, 5-GGAGGGUAUUUUU-
GAAUAA-3') mRNAs as well as covresponding scrambled
(control) siRNAs were obtained from Nippon EGT.

Annexin V binding assay

The binding of Annexin V Lo cells was measured with the
use of an Annexin-V-FLUOS Staining Kit (Roche). Cells were
harvested by exposure to trypsin- EDTA, washed with PBS, and
centrifuged al 200 x g for 5 minutes. The cell pellets were
resuspended in 100 UL of Anuexin-V-FLUOS labeling solution,
incubated for 10 to 15 minutes at [5°C to 25°C, and then

analyzed for fluorescence with a flow cytometer {FACSCali-
bur) and Cell Quest software (Becton Dickinson).

Cell cycle analysis

Cells were harvested, washed with PBS, fixed with 70%
methanol, washed again with PBS, and stained with propi-
dium iodide (0.05 mg/mL) in a solution containing 0.1%
Triton X-100, 0.1 mmol/L EDTA, and RNase A (0.05 mg/mL).
The sLained cells were then analyzed for DNA content with
a flow cytometer and Modfit software (Verity Software
flouse).

Establishment of cells stably overexpressing survivin

A full-length ¢DNA fragment encoding hnman survivin was
obtained from HCC827 cells by reverse transcription and PCR
with the primers survivin-forward (5'-GCGGCCGCGGCGGC-
ATGGGTGCCCCGACGTTG-3') and survivin-reverse (5'-GGA-
TCCTCAATCCATGGCAGCCAGCTGCTCG-3'). The ampli-
fication product was vevified by sequencing after its cloning
into the pCR-Blunt II-TOPO vector (Invitrogen). The survivin
cDNA was excised from pCR-Blunl II-TOPO and transferred to
the pQCXIH retroviral vector (Clontech). Retroviruses encod-
ing survivin were then produced and used to infect PCY and
HCC827 cells as described (24). Cells stably expressing survivin
were then isolated by selection with hygromycin at 300 pg/mL
{Invivagen).

Growth inhibition assay in vive

All animal studies were performed in accordance with the
Recommendations for Handling of Laboratory Animals for
Biomedical Research compiled by the Committee on Safety
and Ethical Handling Regulations for Laboratory Animal
Experiments, Kinki University (Osaka, Japan). The ethical
procedures followed conformed to the guidelines of the Uni-
ted Kingdom Coordinating Committee on Cancer Prevention
Research. Tumors cells (5 x 10%) were injected subcutaneously
into the axilla of 5- to 6-week-old female athymic nude mice
(BALB/c nu/nu; CLEA Japan). Treatment was initiated when
tumors in each group of € mice achieved an average volume of
200 to 400 mm®. Treatment groups consisted of vehicle control
and gefitinib (10 or 25 mg/kg). Gefitinib was administered by
oral gavage daily for 4 weeks, with control animals receiving a
0.5% (w/v) aqueous solution of hydroxypropylmethylcellulose
as vehicle. Tumor voluise was determined from caliper wiea-
surements of tumor length (£) and width (W) according to the
formula LW2/2. Both tumor size and body weight were mea-
sured twice per week.

Statistical analysis

Quantitative data are presented as mcans + SE from 3
independent experiments or for 6 animals per group unless
indicated otherwise. The significance of ditferences in the
percentage of Annexin V-positive cells was evalnated with the
unpaired 2-tailed Student’s ¢ test. P < 0.05 was considered
statistically significant.
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Figure 1. Effects of gefitinib on the expression of IAP family proteins in human NSCLC cells. PC9, HCC827, PC9/ZD, H1975, A549, or H1299 cells
were incubated in complete medium and in the presence of the indicated concentrations of gefitinib for 24 hours. Cell lysates were then prepared

and subjected to immunoblot analysis with antibodies to phosphorylated (p) or total forms of EGFR, AKT, or ERK, to survivin, to XIAP, to clAP-1, or to
B-actin (loading control). Data are representative of 3 independent experiments.

Results

Gefitinib downregulates survivin expression in EGFR
mutation-positive NSCLC cell lines

We first examined the effects of the EGFR-TKI gefitinib on
the expression of IAP family members in a subset of NSCLC
cell lines (PC9, HCC827, PCY/ZD, H1975, A549, and H1299) by
immunoblot avalysis (Fig. 1). PC9 and HCC827 cells harbor an
EGFR allele with an activating mutation, whereas A549 and
H1299 cells express wild-type EGFR and PC9/ZD and H1975
cells harbor an EGFR allele with both an activating mutation
and a mutation (1790M) that confers resistance to EGFR-
TKls. In PC9 and HCC827 cells, gefitinib induced the dephos-
phorylation of EGFR and reduced the abundance of survivin in
a concentration-dependent manner. In contrast, in cells
expressing wild-type EGFR or harboring the T790M resistance
mutation, gefitinib did not affect the phosphorylation level of
EGFR or the expression of survivin. The expression of other
IAP family members, including XIAP and cIAP-1, was not
substantially affected by gefitinib in any of the cell lines
examined. These data thus showed that gefitinib downregu-
lated survivin expression in NSCLC cells with an activating
mutation of EGFR.

Inhibition of the PI3K-AKT pathway results in survivin
downregulation in EGFR mutation-positive cells

To identify the signaling pathway (or pathways) respon-
sible for downregulation of survivin by gefilinib, we exam-

ined the effects of specific inhibitors of MEK (U0126 and
AZDG6244) and PI3K (LY294002 and BEZ235) in EGFR muta-
tion-positive NSCLC cells (PC9 and HCC827). Each of the
PI3K inhibitors reduced the abundance of survivin, whereas
the MEK inhibitors had no such effect (Fig. 2A), suggesting
that the regulation of survivin expression is mediated by
PI3K rather than by MEK in EGFR mutation-positive NSCLC
cells. Given that the protein kinase AKT is an important
downstream targel of PI3K, we examined whether the PI3K-
dependent survivin expression is also dependent on AKT.
Depletion of AKT by transfection of cells with 2 different
siRNAs specific for AKT mRNA (AKT-1 and AKT-2 siRNA)
resulted in downregulation of survivin expression in both
PC9 and HCC827 cells (Fig. 2B). These results thus suggested
that gefitinib might regulate survivin expression through
inhibition of the PI3K-AKT signaling pathway in EGFR
mutation-positive NSCLC cells.

Knockdown of survivin expression induces apoptosis in
EGFR mutation-positive cells

To investigate whether downregulation of survivin by gefi-
tinib is related to gefitinib-induced apoptosis, we transfected
PC9 or HCC827 cells with 2 independent siRNA specific for
survivin mRNA (survivin-1 and survivin-2 siRNAs). Depletion
of survivin resulted in generation of the cleaved forms of both
caspase-3 and PARP in both cell lines (Fig. 3A). Staining with
Annexin V also revealed that the proportion of apoptotic cells
was markedly increased by Lransfection with the survivin
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Figure 2. Effects of inhibition of MEK or PI3K signaling pathways on
survivin expression in EGFR mutation—-positive NSCLC cells. A, PCS or
HCC827 cells were incubated in the absence (control, 0.1% dimethyl
sulfoxide) or the presence of gefitinib (1 umol/L), LY294002 (20 pmol/L),
BEZ235 (0.2 pmol/L), U0126 (20 umol/L), or AZD6244 (0.2 umol/L) for
24 hours, after which cell lysates were prepared and subjected to
immunoblot analysis with antibodies to phosphorylated (p) or total
forms of AKT or ERK, to survivin, or to 3-actin. B, Cells were transfected (or
not) with 2 different AKT (AKT-1 or AKT-2) or scrambled (control)
siRNAs for 48 hours, lysed, and subjected to immuncblot analysis with
antibodies to AKT, to survivin, or to B-actin. All data are representative
of 3 independent experiments.

siRNAs (Fig. 3B). In addition, depletion of survivin resulted in
an increase in the size of the sub-G, (apoptotic) cell popula-
tion, as revealed by flow cytometry (Fig. 3C). These data
suggested thal downregulation of survivin induces apoptosis
in KGFR mutation-positive NSCLC cells.

Overexpression of survivin inhibits gefitinib-induced
apoptosis in EGFR mutation-positive cells in vitro

To examine further the role of survivin in gefitinib-
induced apoptosis, we established PC9 and HHCC827 sublines
(PCY87, PCYS8, HCC827S6, and HCC827S7) that stably over-
express survivin as a vesult of retroviral infection. The
abundance of survivin in these sublines was substantially
greater than that in cells infected with the empty virus (PCY-
Mock and HCC827-Mock; Fig. 4A). In addition, gefitinib
markedly reduced the level of survivin expression in PC9-
Mock and HCC827-Mock cells but not in the corresponding
sublines overcxpressing survivin (Fig. 4B). Immunoblot ana

lysis of the cleaved forms of caspase-3 and PARP (Fig. 4B) as
well as staining with Annexin V (Fig. 4C) also revealed that
overexpression of survivin resulted in marked inhibition of
gefitinib-induced apoptosis. Examination of the effect of
gefitinib on cell cycle distribution revealed that gefitinib
increased the proportion of cells in Gy¢-G; phase and
reduced that in § phase at 24 hours in a manner independent
of survivin overexpression (Fig. 4D). The survivin-overex-
pressing sublines, however, showed a smaller time-depen-
dent increase in the size of the sub-G, cell population than
did cells infected with the empty virus. These results thus
further indicated that downregulation of survivin by gefiti-
nib contributes to the proapoptotic action of this drug in
EGFR mutation-positive NSCLC cells.

Overexpression of survivin inhibits the antitumor effect
of gefitinib on EGFR mutation-positive cells in vivo

To investigate whether the antitumor effect of gefitinib on
EGFR mutation-positive NSCLC cells might be affected by
survivin overexpression in vivo, we injected HCC827-Mock
cells or cells of the survivin-overexpressing subline HCC827S57
into nude mice for elicitation of the formation of solid tumors.
When the turnors became palpable (200-400 ), mice were
divided into 3 groups and treated with vehicle (control) or
gefitinib at a daily dose of 10 or 25 mg/kg by oral gavage for 4
weeks. Gefitinib treatment at either dose eradicated tumors in
mice injected with HCC827-Mock cells (Fig. 5A and C). In
contrast, tumors in mice injected with survivin-overexpres-
sing cells were not eradicated by gefitinib even at the dose of
25 mg/kg per day, although tumor growth was partially
inhibited by gefitinib in a dose-dependent manner (Fig. 5B
and C). These results showed that survivin averexpression
inhibits the antitumor effect of gefitinib on EGFR mutation-
positive NSCLC cells in vivo.

Effect of attenuation of BIM induction on gefitinib-
induced apoptosis in FGFR mutation-positive cells
overexpressing survivin

Survivin overexpression did not completely eliminate gefi-
tinib-induced apoptosis in PC9 and HCC827 cells, suggesting
that other signaling pathways might contribute to this pro-
cess. Induction of the proapoptotic BH3-only protein BIM has
been found to be important for EGFR-TKI-induced apoptosis
in EGFR mutation-positive lung cancers, and inhibition of the
EGFR-MEK-ERK signaling pathway is required for BIM induc-
tion (25-27). We therefore examined whether survivin over-
expression in combination with specific inhibition of BIM
induction results in an additive antiapoptotic effect in EGFR
mutation-positive NSCLC cells. We transiently transfected
survivin-overexpressing sublines of PC9 or HCC827 cells with
an siRNA specific for BIM mRNA., Transfection with the BIM
siRNA specifically inhibited the induction of BIM expression
by gefitinib in both mock-infected and survivin-overexpres-
sing sublines (Fig. 6A). Staining with Annexin V further
revealed that the combination of survivin overexpression
and attenuation of BIM induction resulted in a greater level
of inhibition of gefitinib-induced apoptosis than that observed
with either approach alone (Fig. 6B). These data were

www.aacrjournals.org

Cancer Res; 70(24) December 15, 2010

Downloaded from cancerres.aacrjournals.org on February 7, 2011
Copyright © 2010 American Association for Cancer Research

56



10406

DOI:10.1158/0008-5472.CAN-10-2438

Okamoto et al.

A B
H . 50
PC9 cce27 s 50 . .
T - « T - o« L 404 ¥ - HCCB827
5 £ £ 5 & £ 3
= > > >
5 s 5 3 2 30+
SN () 3 3 3 O 8 3 8 %
3 204
Survivin ” o g >
5 104
PARP — | oo st P ey b ey E
cl-PARP - =, g, < o111l
A e AN
; AN R X
cl-caspase-3— - siRNA: (o“\ & é‘\\
- F & &
Actin | e g gy, S | | o— — o —
C PC9 HCC827
100 100
2 80 £ 80
S g
E 60 5 680
2 S
§ 40 = G2-M § 40 2 G2-M
2 u8 0 uS
s % * GO-G1 g 2 S
0 ® sub-GO 0 ® sub-GO
> N > N 0
sana: & @ ¢ sana: &
TGRS & S S
o =) =) cf =) )

Figure 3. Effect of survivin depletion on apoptosis in EGFR mutation-positive NSCLC cells. A, PCS or HCC827 cells were transfected (or not) with

2 different survivin (survivin-1 or survivin-2) or scrambled (control) siRNAs for 48 hours, after which cell lysates were prepared and subjected to immunablot
analysis with antibcdies to survivin, to PARP, to caspase-3, or to B-actin. Bands corresponding to the cleaved (cl) forms of caspase-3 and PARP are
indicated. Data are representative of 3 independent experiments. B, cells were transfected with survivin or scrambled siRNAs for 72 hours, after

which the proportion of apoptotic cells was determined by staining with fluorescein isothiocyanate—conjugated Annexin V and propidium iodide followed by
flow cytometry. Data are means + SE from 3 independent experiments. *, P < 0.05 versus the corresponding value for cells transfected with the
scrambled siRNA. C, cells were transfected with survivin or scrambled siRNAs for 48 hours, fixed, stained with propidium iodide, and analyzed for cell cycle
distribution by flow cytometry. Data are means of triplicates from representative experiments that were repeated 3 times.

confirmed with a second BIM siRNA to rule out off-target of EGFR-TKI-induced apoptosis in EGFR mutation-positive
effects (Supplementary Fig. 1). These results thus suggested cells have remained unidentified. We have now found that
that both survivin downregulation and BIM induction con- gefitinib downregulated survivin expression in EGFR muta-
tribute independently to gefitinib-induced apoptosis in EGFR tion-positive NSCLC cells but not in NSCLC cells expressing
mutation—positive NSCLC cells. wild-type EGFR or EGFR with the T790M resistance mutation.
With the use of specific PI3K inhibitors and siRNAs specific for

Discussion AKT mRNA, we further showed thal the downregulation of
survivin expression by gefitinib is likely mediated through

EGFR-TKIs induce marked clinical responses in patients inhibition of PI3K-AKT signaling. Human epidermal growth
with NSCLC positive for activating mutations of EGFR (1-3). In factor receptor 2 (HER2)-targeting agents such as lapatinib
vitro experimenls have shown that EGFR-TKIs induce a sub- and trastuzumab were previously found to induce downre-
stantial level of apoptosis in NSCLC cell lines expressing gulation of survivin through inhibition of the PI3K-AKT path-
mutant EGFRs (4). However, the key downstream mediators way in breast cancer cells positive [or HER2 amplification
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