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Table 2 Treatment-related AEs occurring at a rate >10% of the total population by dose and highest CTCAE Grade =2

Adverse event” Afatinib dose, n

All doses (n = 12), n (%)

20mg (n = 3) 40 mg (n = 3) 50 mg (n = 6)
Grade 2 Grade 3 Grade 2 Grade 3 Grade 2 Grade 3 All grades
Diarrhoea 0 0 2 0 3 1 10 (83.3)
Dry skin 1 0 1 0 2 0 9 (75.0)
Stomatitis 0 0 1 0 1 0 7 (58.3)
Rash 1 0 3 0 2 0 7 (58.3)
Paronychia 0 0 1 0 2 0 6 (50.0)
Anorexia 0 0 0 0 1 0 5(41.7)
Nausea 0 0 | 0 2 0 3(25.0)
Acne 0 0 0 0 1 0 3(25.0)
Mucosal dryness 0 0 0 0 0 0 3(25.0)
Mucosal inflammation 0 0 0 0 2 1 3(25.0)
Blood urine present 0 0 0 0 0 0 3(25.00
Weight decreased 1 0 0 0 2 0 3(25.0)
Pharyngitis 0 0 0 0 0 0 2 (16.7)
Leucopoenia 0 0 0 0 0 0 2(16.7)
Conjunctivitis 0 0 0 0 0 0 2 (16.7)
Epistaxis 0 0 0 0 0 0 2(16.7)
Oropharyngeal discomfort 0 0 0 0 0 0 2 (16.7)
Vomiting 0 0 0 0 1 0 2(16.7)
Nail disorder 0 0 0 0 1 0 2(16.7)
Pruritus 0 0 0 0 0 0 2(16.7)
Fatigue 0 0 0 0 0 0 2 (16.7)
Malaise 0 0 0 0 0 0 2 (16.7)

AE adverse event, CTCAE Common terminology criteria for adverse events

* Preferred terms

Response was maintained for more than 11 courses before
progressive disease (see Table 3). The median number
(range) of courses was 2.5 (1-18).

Pharmacokinetics

Peak plasma concentrations of afatinib were reached at
3-5 h after drug administration and subsequently declined
with at least in a biphasic manner (Fig.2). In some
patients, double-peak plasma concentration-time profiles
of afatinib were observed. The PK parameters of afatinib
are summarized in Table 4. Median 1., and ;.. of
afatinib were approximately 3—4 h. The area under the
curve (AUC)y 24 and C,,,« values of afatinib increased with
increasing doses for all doses on Day 1 and all doses except
50 mg at steady state (Table 4). The geometric mean
(gMean) values of the apparent total clearance were large
and ranged from 799 to 1,200 mL/min on Day 1 and from
538 to 827 mL/min on Day 28. Afatinib exhibited a high
apparent volume of distribution ranging from 1,880 to
2,710 L on Day 28. The terminal half-life (¢,,») ranged

from 14.8 to 37.9 h on Day 1 and from 33.5 to 40.4 h on
Day 28. The gMean values of accumulation ratios (single
dose vs. steady state) based on the AUC and on C,,,x were
between 1.96 and 3.97, and 1.63 and 4.41, respectively.
Steady state was reached at around Day 8.

Discussion

The aim of the Phase I stage of this study was to estimate
the MTD of afatinib, up to 50 mg/day, in patients with
advanced NSCLC and to determine the recommended dose
for Phase II evaluation. In this study, afatinib 30 mg
administered as an oral, once-daily continuous dose, was
well tolerated with an acceptable safety profile. Whilst
DLTs occurred in three of the six patients treated with
afatinib 50 mg, only one patient in treatment Course 1, the
treatment course in which MTD was defined, experienced a
DLT. Furthermore, no DLTs resulted in study discontinu-
ation, and all three patients who experienced DLTs con-
tinued to receive afatinib at a lower dose.
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Table 3 Profiles of patients with tumour size reduction

Age Histology Previous treatment Afatinib Month/ Best response EGFR/HER! mutation status
(sex) dose courses on  of targets (%) —
(daily; mg) study Tissue Serum
67 (f)  Squamous 1. Cisplatin + amrubicin 20 2 -14.5 NA NA
adenocarcinoma
64" (f)  Adenocarcinoma 1. Cisplatin + TS-1 20 11 =717 Del NA
2. Gefitinib 19 + T790 M
3. Erlotinib
4. Gefitinib
57" (f)  Adenocarcinoma 1. Cisplatin + gemcitabine 40/30 18 -24.6 NA Wild type
2. Nimotuzumab
61* () Squamous cell 1. Carboplatin + paclitaxel 50/40/30 3 —15.3 NA Wild type
carcinoma 2. Gefitinib
3. Erlotinib
65" (m) Adenocarcinoma 1. Cisplatin + docetaxel 50/40 12 —20.8 NA Wild type
2. Docetaxel
3. Gefitinib
4. Gefitinib + gemcitabine
5. Gefitinib
67" (f)  Adenocarcinoma 1. Gefitinib 50/40 3 2.4 NA Del 19 + T790 M
2. Carboplatin + gemcitabine
3. Erlotinib
4, TS-1

EGFR Epidermal growth factor
* Never smoker

Max. % change from baseline at larget lesion
W

B Del19+T790M
57681

Wild type 74 Mot applicable

W L358R+T790

Fig. 1 Maximum tumour size reduction of individual patients by
mutational status

The tolerability profile of afatinib 50 mg/day reported
here in Japanese patients was similar to that previously
observed in the non-Japanese population; diarrhoea and
skin-related AEs were predominant and were manageable
with a combination of appropriate concomitant medication
and dose reduction. Therefore, continuous oral adminis-
tration of afatinib at a starting dose of 50 mg once daily
together with a tolerability-adapted, dose-reduction scheme
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receptor, HER Human epidermal growth factor receptor, NA not applicable

and supportive care, was deemed an appropriate dosing
regimen for Japanese patients in the Phase II step of this
trial. Given that this patient population has already been
previously treated with a reversible EGFR/HERI TKI,
dose intensity could be crucial, and the proposed dosing
regimen will give these patients the opportunity of treat-
ment with the highest possible dose for the longest
duration.

Importantly, preliminary signs of efficacy were observed
in this heavily pre-treated population. Although no partial
or complete responses were observed, six out of 12 patients
had tumour size reductions, with three achieving prolonged
stable disease. This included one patient with a mutation in
EGFR/HERI1 exon 19 (T790 M), who remained progres-
sion-free for 11 months. This patient had previously
received both gefitinib and erlotinib treatment.

Although the number of patients included in this study
was limited, there appeared to be no relationship between
mutation status and the maximum percentage change in
target lesion from baseline or days on study. These findings
support the use of afatinib as a potential novel treatment
option for patients with advanced NSCLC and tumours
harbouring EGFR/HERI mutations, even after previous
treatment with reversible EGFR/HER! TKls. The findings
reported here are also in agreement with previous findings
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Table 4 Pharmacokinetic parameters of afatinib after multiple oral administration of afatinib 20, 40 and 50 mg once daily

Course 1 Day 1 Day 28 (steady state)

20mgn=3) 40mgn=3) 5S0mgn=6) 20mgmn=3) 40mgr=3) 50mg(n=23)
Parameter (unit) gMean gMean gMean gMean gMean gMean

(gCV [%]) (eCV [%]) (gCV %] (gCV [%]) (gCV [%]) (eCV [%])
AUCq a4 (ng h/mL) 147 (84.5) 299 (G.U)b 539 (59.0) 409 (16.5) 1,240 (9.7) 1,010 (71.5)
AUCqy 24 norm (Ing h/mL}/mg)  7.33 (84.5) 7.47 (6.0)° 10.8 (59.0) 20.5 (16.5) 31.0 (9.7) 20.1 (71.5)
Cinax (ng/mL) 12.4 (101) 18.9 (45.8) 44.4 (60.6) 26.9 (24.9) 83.3 (30.1) 66.8 (71.6)
Crnux. norm (Ing h/mL}/mg) 0.620 (101) 0.473 (45.8) 0.887 (60.6) 1.34 (24.9) 2.08 (30.1) 1.34 (71.6)
fmax (h) 3.9 3.0-5.00 4.1 (2.0-9.0) 3.0 (2.0-5.00 4.0 (2.9-5.0) 3.0 (2.04.0 3.0 (1.0-5.0)
1y, (h) 21.3 (63.1) 37.9 (24.9)° 14.8 (20.0) 38.5 (14.4) 404 (11.9) 33.5 (22.2)
CL/F (mL/min) 1,200 (39.5) 799 (19.5)° 1,030 (55.9) 814 (16.5) 538 (9.7) 827 (71.5)
V,/F(L) 2,200 (122.0) 2,620 (5.2)° 1,320 (62.8) 2,710 (30.3) 1,880 (3.8) 2,400 (80.6)

gCV geometric coefficient of variation; gMean geometric mean; AUC area under the curve; CL clearance

a

median (range), ® n = 2

in non-Japanese patients, in which afatinib has demon-
strated activity in patients with advanced NSCLC and
EGFR/HERI1 mutations [16, 21]. However, it should be
considered that EGFR/HER1 mutations were not identified
in all patients in this study, and in three cases, mutations
were identified from serum samples rather than tumour
samples.

Pharmacokinetic analysis revealed that plasma concen-
trations of afatinib peaked at 3—4 h after administration and
declined with a half-life of 3040 h at steady state. The
accumulation ratio based on the AUC values was approx-
imately 2-4. Afatinib exhibited high apparent volume
of distribution, which indicates a high tissue distribution of
the drug. However, the values of the apparent volume of
distribution should be interpreted with caution, as the
absolute bioavailability of afatinib in humans is unknown.
Steady state was considered to have been reached on Day 8
(7 days after the start of drug administration). Although
dose proportionality was not evaluated statistically in this

study owing to the limited number of patients, exposure of
afatinib generally increased with increasing doses, and
there was no obvious deviation from a dose-proportional
increase in exposure. This is in agreement with findings
from previous trials, which have shown no obvious devi-
ation from dose proportionality in the dose range of
10-160 mg of afatinib [17-19, 22].

Comparison of the PK parameters obtained from pre-
vious Phase I studies in non-Japanese cancer patients suf-
fering from advanced solid tumours [17-19, 22] to those in
Japanese patients reported here revealed that the PK of
afatinib in Japanese patients can be considered comparable
to those in non-Japanese patients. Comparison of the
individual AUC and C,,, values of Japanese and non-
Japanese patients showed that although the AUC and
Cmax Values tended to be higher in Japanese patients than in
non-Japanese patients at some doses, most values in
Japanese were within the same range of those in non-Japanese
(Fig. 3). Thax and t)» values reported here in Japanese
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Fig. 3 Comparison of pharmacokinetic parameters between Japanese
and non-Japanese patients. Comparison of pharmacokinetic parame-
ters showed that although the area under the curve and C,,,, values

patients were also within the same range as those in
non-Japanese patients. Whilst we cannot rule out that
pharmacogenomic differences between Japanese and non-
Japanese patients may have an effect on the pharmacody-
namic profile of afatinib, no such observations were made
in this study, and the mechanism by which pharmacoge-
nomic differences in patient populations may exert an
effect on the pharmacodynamics of afatinib remains to be
clearly established.

In conclusion, the recommended dose for Phase II study
in Japanese patients is 50 mg/day. Further evaluation of
afatinib in NSCLC patients who have been previously
treated with erlotinib and/or gefitinib in the Phase II part of
this trial is currently being conducted. Furthermore, a
Phase III trial with afatinib in an enriched population of
TKI-naive NSCLC patients is currently ongoing.
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tended to be higher in Japanese patients than in non-Japanese patients
at some doses, most values in Japanese were within the same range of
those in non-Japanese
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Whole genome-scale integrated analyses of exon array and array-
comparative genomic hybridization are expected to enable the
identification of unknown genetic features of cancer cells. Here,
we evaluated this approach in 22 gastric and colorectal cancer cell
lines, focusing on protein kinase genes and genes belonging to
the cadherin—atenin family. Regarding alternative splicing pat-
terns, several cancer cell lines predominantly expressed isoform 1
of protein kinase A catalytic subunit beta (PRKACB). Paired gastric
cancer specimens demonstrated that isoform 1 of PRKACB was a
novel cancer-related variant transcript in gastric cancers. In addi-
tion, the exon array analysis clearly identified exon 3 or exon 3-4
skipping in catenin beta 1, a short intron insertion with exon 9
skipping in CDH1, and a deletional transcript of CDH13. These
abnormal transcripts were shown to have arisen from small geno-
mic deletions. Meanwhile, an integrated analysis of 11 gastric can-
cer cell lines revealed that four cell lines amplified fibroblast
growth factor receptor 2, with truncated forms observed in two of
the cell lines. Gene amplification, and not the truncated form, was
found to determine the sensitivity to a fibroblast growth factor
receptor inhibitor, indicating that our cell line panel might be
useful for cell-based evaluations of specific inhibitors. Using an
integrated analysis, we identified several abnormal transcripts and
genomic alterations in gastric and colorectal cancer cells. Our
approach might enable genetic changes to be identified more effi-
ciently, and the present results warrant further investigation using
clinical samples and integrated analyses. (Cancer Sci, doi: 10.1111/

j.1349-7006.2011.02132.x, 2011)
R ecent advancements in the field of array technology over
the past several years have enabled alternative splicing and
abnormal transcripts to be explored at the whole genome level.
Accordingly, the identification of cancer-related transcripts has
been intensively investigated at the whole genome level in lung
cancer, glioblastoma, thymic tumors and colorectal cancer using
exon arrays, yielding novel splice variants, hyper-splicing signa-
tures and overexpressed variants.' ™ In contrast, whole genome
array-comparative genomic hybridization (array-CGH) has
enabled a higher resolution and probe density and is expected to
make possible the identification of relatively small genomic
copy number changes caused by gene amplifications and dele-
tions that were previously undetectable. The array-CGH tool is
also producing promising data for cancer research and the diag-
nosis, classification, and outcome prediction of different malig-
nancies.'>
In relation to abnormal transcripts caused by genomic
changes, mutations and small genomic deletions can disrupt or
create splice sites, change other consensus sequences, or affect

doi: 10.1111/].1349-7006.2011.02132.x
@ 2011 Japanese Cancer Association

splicing silencers or enhancers, such as ATM and BRCAL.'® The
detection of these transcripts containing exon-level abnormali-
ties is thought to be difficult using conventional methods, and
unknown genetic changes might exist. Therefore, we hypothe-
sized that the use of only an exon analysis or an array-CGH
might be insufficient, and that a simultaneous analysis might
contribute to the further identification of abnormal transcripts in
cancer cells.

In the present study, we performed a whole genome exon
array and array-CGH analysis in gastric and colorectal cancer
cells with the objective of identifying abnormal transcripts at the
exon level.

Materials and Methods

Cell lines and cultures and sample preparations. The method
used in this section is described in Data S1.

Clinical samples. The endoscopic biopsy samples were
obtained from gastric cancer and paired non-cancerous lesions
of gastric mucosa. The samples were immediately placed in an
RNA stabilization solution (Isogen, Nippongene, Tokyo, Japan)
and stored at —80°C. This analysis was approved by the Institu-
tional Review Board of the National Cancer Center Hospital,
and written informed consent was obtained from all the patients.

Exon array. Two micrograms of total RNA was used as the
starting material. rRNA was first removed using the RiboMinus
Human/Mouse Transcriptome Isolation Kit (Invitrogen,
Carlsbad, CA, USA) and ¢cDNA synthesis was performed using
the GeneChip WT c¢DNA Synthesis Kit (Affymetrix, Santa
Clara, CA, USA). The cDNA was fragmented and labeled with
biotin using the GeneChip WT Terminal Labeling Kit (Affyme-
trix). Biotinylated targets were hybridized onto a GeneChip
Human Exon 1.0 ST Array (Affymetrix) according to the
manufacturer’s instructions. The array was washed and stained
in Fluidics Station 450 (Affymetrix) and scanned to generate a
CEL file using the GeneChip Scanner 3000 (Affymetrix) and
GeneChip Operating Software version 1.4.

Array-based  comparative genomic  hybridization. The
Genome-wide Human SNP Array 6.0 (Affymetrix) was used to
perform array-CGH on genomic DNA from each of the colorec-
tal cancer cell lines and MKN74 according to the manufacturer’s
instructions. The GeneChip Human Mapping 250K Nsp Array
(Affymetrix) was used to perform array-CGH on genomic DNA
from each of the gastric cancer cell lines, with the exception of
MKN74, according to the manufacturer’s instructions. The
method is described in detail in Data S1.

5To whom correspondence should be addressed. E-mail: knishio@med.kindai.ac.jp
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RT-PCR, sequencing and colony formation assay. The method
used in this section is described in Data S1.

In vitro growth inhibition assay. The growth-inhibitory
effects of the fibroblast growth factor receptor (FGFR) inhibitor
PD173074 (Sigma-Aldrich, St. Louis, MO, USA) were exam-
ined using an MTT assay, as previously described.!”

siRNA study. The methods used in this section have been
previously described.®

Statistical analysis. All exon array data were analyzed using
Partek Genomic Suite 6.4 software (Partek, St. Louis, MO,
USA). The robust multi-array average algorithm was used for
the exon-level intensity analysis. Exon-level data were filtered
to include only those probe sets that were included within the
*‘Core Meta-Probeset.”” The software calculated the differences
between the cancer cell lines and the normal samples for each
probe set on the transcript. The alt-splice score was the minimum
P-value from the Z-test of each probe set’s difference against the
remaining probe sets. A low Alt-splice score indicates that at
least one probe set behaved differently from the rest. The
Alt-Splice score was used to screen the transcript variants. In the
array-CGH analysis, sample-specific copy number changes were
analyzed using Partek Genomic Suite 6.4 software (Partek) and
Affymetrix Genotyping Console ver.3.0.2 (Affymetrix) for the
40 samples of Human HapMap JPT.

Results

Cp1 isoform of protein kinase A catalytic subunit beta is a
novel cancer-related variant transcript. To evaluate the use of an
integrated analysis involving an exon array and an array-CGH,
we applied a focused-gene approach against cancer-related and
relatively annotated genes, including 480 protein kinase genes
and 68 cadherin—catenin genes in gastric and colorectal cancer
cell lines.

Cyclic adenosine monophosphate-dependent protein kinase is
a signalingg molecule that is important for a variety of cellular
functions.” Alternatively spliced transcript variants encoding
distinct isoforms have been found in Prolein kinase cAMP-
dependent catalytic beta (PRKACB).""*'" Interestingly, an exon
analysis showed that isoform 1 of PRKACB (Cp1 isoform) are
frequently expressed in gastric and colorectal cancer cell lines,
but not in normal mucosa (Fig. 1A). Among colorectal cancers,
WiDr, LoVo and normal colonic mucosa predominantly
expressed the CP2 isoform, whereas the CaR-1, DLD-1, CoCM-
1, RCM-1, OUMS-23 and COLO320 DM cells expressed the
CP1 isoform. Meanwhile, the HCC56, COLO201 and SW837
cell lines expressed very low levels. Similar expression patterns
were observed in gastric cancer and normal gastric mucosa. RT-
PCR confirmed these results (Fig. S1A). The RT-PCR study and
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Fig. 1. Cancer-related alternative splicing variants of protein kinase cAMP-dependent catalytic beta (PRKACB). (A) Exon array analysis showing
the exon level mRNA expressions of PRKACB in 22 gastric and colorectal cancer cell lines and one gastric and one colorectal normal mucosa
specimen. The log2-transformed values indicate the expression levels of each exon. The schematic diagram in the upper panel shows each exon
of PRKACB (CB1 and Cfp2 isoforms). Note that normal gastric and colonic tissues and some cancer cell lines predominantly expressed the Cf2
isoform, but several cancer cell lines predominantly expressed the Cj1 isoform. p1-2: primer set. GC: 11 gastric cancer cell lines and one normal
gastric mucosa specimen. CRC: 11 colorectal cancer cell lines and one normal colonic mucosa specimen. Cp1, CP2: isoforms of PRKACB. (B) RT-PCR
analysis for Cf1 and Cp2 isoforms of PRKACB in 32 paired gastric cancer and non-cancerous gastric mucosa specimens. (C) Knockdown of Cp1
isoform of PRKACB using specific siRNA for CB1 and resulting cellular proliferation in DLD-1 and CaR-1 cell lines. Two different sequences of
Cp1-targeting siRNA (CB1#1 and CB1#2; 10 nM each) were used. Con-si, control siRNA. (D) Evaluation of colony formation in siRNA-treated DLD-

1 and CaR-1 cell lines.
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normal colonic mucosa (normal). The schematic diagram shows each exon of CDH13. p1: primer set.
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Fig. 3. Identification of mutant transcripts with a short intron insertion and exon skipping in CDH1/E-cadherin. (A) Exon array analysis showing
the exon level mRNA expressions of CDHT in 22 gastric and colorectal cancer cell lines and one gastric and one colorectal normal mucosa
specimen. The log2-transformed values indicate the expression levels of each exon. The schematic diagram in the upper panel shows each exon
of CDH1. p1-3: primer set. GC: 11 gastric cancer cell lines and one normal gastric mucosa specimen. CRC: 11 colorectal cancer cell lines and one
normal colonic mucosa specimen. Note that exon 9 expression was downregulated and intron expression was observed in H5C-44 and 44As3
cells. int, intron. (B) Detection of mutant transcripts using RT-PCR and microfluidics-based electrophoresis for HSC-44 and 44As3 (lacking exon 9
or short intron insertion) and other control cell lines. The schematic diagram shows each exon of CDH1. p1-3: primer set.
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the densitometrical analysis confirmed that the CB1 isoform was
predominantly expressed in 32 gastric cancer specimens, com-
pared with paired non-cancerous mucosa specimens in RT-PCR
(P = 0.0012, Figs 1B and S1B). The expression of the Cp2 iso-
form of PRKACB was not significantly different between the
cancer and paired gastric mucosa specimens (P = 0.21). These
results demonstrated that the CP1 isoform of PRKACB is a novel
cancer-specific variant transcript in gastric cancer. We examined
the biological functions of the CP1 isoform of PRKACB using
specific siRNA for CB1 in DLD-1 and CaR-1 cell lines. The
knockdown of the CB1 isoform significantly reduced cellular
proliferation in both the DLD-1 and CaR-1 cell lines (Fig. 1C).
In addition, a colony assay revealed that the knockdown of the
CP1 isoform significantly reduced colony formation in both cell
lines (Fig. 1D). These results suggest that the CP1 isoform,
which is overexpressed in cancer cells, is involved in cellular
proliferation in cancer cells. Because a recent study has demon-
strated that _?Beciﬁc PRKACRB isoforms can properly recruit acti-
vated p75~™ to lipid rafts and determine p75™"™" bioactivity,
these different isoforms of PRKACB in cancer and normal cells
might occur during carcinogenesis and might perform specific
biological functions."'?

Identification of truncated transcripts caused by small genomic
deletions. Alterations of the cadherin—catenin cell adhesion
system are considered to be a cause of gastric and colorectal
cancers; therefore, we analyzed genes involved in this sys-
tem. We found a novel truncated transcript of the
CDHI13/cadherin 13/H-cadherin gene. An exon analysis of
CDHI3 showed that the expression levels of exons 3-5 were
extremely downregulated in COLO201 cells compared with
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other cell lines (Fig. 2A). Next, using array-CGH analysis,
we evaluated the CDHI3 locus and identified a small geno-
mic deletion (approximately 0.4 Mbp) involving exons 3-5 in
COLO201 cells (Fig. 2B). RT-PCR and sequencing confirmed
the truncated transcript (Figs 2C and S2). Genomic PCR of
exon 4 of CDHI3 revealed a heterozygous deletion (data not
shown).

Mutations in the CDHI/E-cadherin gene are a_well-docu-
mented cause of hereditary diffuse gastric cancer."® The exon
analysis easily detected both the downregulation of exon 9 and
an intron insertion in HSC-44 and its subline 44As3 (Fig. 3A).
RT-PCR and sequencing confirmed these abnormal transcripts
(Figs 3B and S3). Genomic PCR showed a 10-base deletion at
the exon—intron boundary of the CDHI gene (exon 9 and
intron 9) in HSC-44 and 44As3 (data not shown). Meanwhile,
the exon analysis clearly demonstrated the presence of a trun-
cated catenin beta 1 (CTNNBI) transcript lacking exons 3—4 as
a result of a small genomic deletion in HSC-39 cells (Fig. 4A).
In addition, we found another type of truncated CTNNBI! tran-
script lacking exon 3 in HCC56. RT-PCR confirmed the deleted
transcript (Fig. 4B). Genomic PCR demonstrated that the dele-
tion of these transcripts was caused by a homozygous genomic
deletion (data not shown). These results indicated that this
integration analysis could detect exon-level mRNA abnormali-
ties involving genomic deletions.

Whole genome analysis of alternatively spliced transcript
variants and gene copy number profiles. Next, we screened for
cancer-specific spliced transcripts in each cancer cell line and
compared the results with those for a normal mucosa sample
using exon array data obtained at the whole genome level (Data
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Identification of truncated mutant transcripts of CTNNBT. (A) Exon array analysis showing the exon level mRNA expression of CTNNBT in

22 gastric and colorectal cancer cell lines and one gastric and one colorectal normal mucosa specimen. The log2-transformed values indicate the
expression levels of each exon. The schematic diagram in the upper panel shows each exon of CTNNB1. p1-3: primer set. GC: 11 gastric cancer
cell lines and one normal gastric mucosa specimen. CRC: 11 colorectal cancer cell lines and one normal colonic mucosa specimen. (B) Detection
of truncated mutant transcripts using RT-PCR for HSC-39 (lacking exons 3-4), HCC56 (lacking exon 3) and other control cell lines. p2 primer were
used as a positive control. The schematic diagram shows each exon of CTNNB7. p1-3: primer set. (C) DNA copy number analysis for major
oncogenes and tumor suppressor genes in 11 gastric and 11 colorectal cancer cell lines using array-comparative genomic hybridization analysis.
Gene amplification (=10 copies and 10-3.6 copies) and deletion (<0.5 copies and 1.2-0.5 copies) are shown by the indicated colors.
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Table 1.

List of overlapping genes with altered exon expressions and copy numbers

Gene symbol Name RefSeq Transcoet No.'of AlleRlice Capy Cancer
ID cell lines score number
FGFR2 Fibroblast growth factor receptor 2 NM_022970 3310041 3 0.00011 Amp GC
KIAA1797 KIAA1797 NM_017794 3164601 3 0.00053 Del GC
ASAP1 ArfGAP with SH3 domain, ankyrin repeat NM_018482 3153428 2 0.00006 Amp GC
and PH domain 1
ATP8BA1 ATPase, type 8A, member 1 NM_006095 2767378 2 0.00021 Del GC
CNDP2 CNDP dipeptidase 2 NM_018235 3793760 2 0.00051 Del GC
DENNDA4C DENN/MADD domain containing 4C NM_017925 3164221 2 0.00041 Del GC
GAS6 Growth arrest-specific 6 NM_000820 3502829 2 0.00047 Amp GC
ITPR2 Inositol 1,4,5-trisphosphate receptor, type 2 NM_002223 3448152 2 0.00019 Amp/Del GC
NFRKB Nuclear factor related to kappaB binding protein NM_006165 3398076 2 0.00040 Amp/Del GC
PCDHGC5 Protocadherin gamma subfamily C, 5 NM_018929 2832533 2 0.00012 Del GC
PCM1 Pericentriolar material 1 NM_006197 3087813 2 0.00011 Del GC
PEX1 Peroxisomal biogenesis factor 1 NM_000466 3061191 2 0.00025 Amp GC
PHLPP PH domain and leucine rich repeat protein NM_194449 3791482 2 0.00024 Del GC
phosphatase 1
PIGN Phosphatidylinositol glycan anchor NM_176787 3811086 2 0.00009 Del GC
biosynthesis, class N
RGS12 Regulator of G-protein signaling 12 NM_198227 2716025 2 0.00045 Del GC
SHROOM3 Shroom family member 3 NM_020859 2732068 2 0.00021 Del GC
SMARCA2 SMARC, subfamily a, member 2 NM_003070 3159946 2 0.00027 Del GC
SPG7 Spastic paraplegia 7 NM_199367 3674048 2 0.00019 Del GC
TAF4 TAF4 RNA polymerase Il NM_003185 3912718 2 0.00071 Amp/Del GC
TLNT Talin 1 NM_006289 3204744 2 0.00055 Amp/Del GC
UBA6 Ubiquitin-like modifier activating enzyme 6 NM_D18227 2771718 2 0.00023 Del GC
WDR7 WD repeat domain 7 NM_052834 3789442 2 0.00039 Del GC
KIAAT1967 KiAA1967 NM021174 3089597 3 0.00029 Del CRC
MYCBP2 MYC binding protein 2 NM_015057 3518496 2 0.00045 Amp/Del CRC
TH1L TH1-like (Drosophila) NM_198976 3891278 2 0.00071 Amp CRC
WDR7 WD repeat domain 7 NM_052834 3789442 2 0.00045 Del CRC

No. of cell lines, overlapping cell lines with altered exon expressions (Alt-Splice Score < 0.001) and copy numbers (amplification, >3.6 copies and
deletion, <1.2 copies). Amp, gene amplification; CRC, colorectal cancer; Del, gene deletion; GC, gastric cancer.

S2 and S3). Fourteen and ten transcripts were identified as recur-
rently altered genes observed in more than six cell lines among
the 11 gastric cancer cell lines and the 11 colorectal cancer cell
lines, respectively (Data S4). The whole genome gene copy
number profiles were also examined for 22 cancer cell lines
(Data S5, Figs S4 and S5). In addition, we analyzed and identi-
fied overlapping genes between the results of an exon array
(Alt-Splice Score) and an array-CGH (copy number changes)
analysis at the whole genome level. The identified genes are
listed according to the number of overlapping cell lines and are
shown in Table 1. In the list, the FGFR2 gene tops the list of
overlapping genes, suggesting that the results of the whole
genome level approach were consistent with those of the
focused-gene approach. Interestingly, the second-ranked gene,
KIAA 1797, was deleted in approximately 30% of the genomic
region and expressed a truncated transcript, because the
KIAA1797 gene locus was located at the end of the deleted
region, including CDKN2A, in SNU-16 cells (data not shown).
However, some genes identified using the focused-gene
approach, including CDHI, CDHI3 and CTNNBI, were not
selected using the whole genome level analysis. These results
indicate that an integrated analysis of the exon array and an
array-CGH analysis might be better performed using both a
whole genome level approach and a focused-gene approach.
Gene copy number profile using array-comparative genomic
hybridization analysis. We evaluated changes in the gene copy
number, including gene amplification/deletion and chromo-
somal gain/loss, in a set of 35 definitive oncogenes and tumor
suppressor genes by referring to a previous report.'* The gene
copy number profiles for a panel of 22 gastric and colorectal

Furuta et al.
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cancer cell lines are shown in Figure 4(C). A gain in the copy
number was frequently observed in MYC (41%, 9/22), FGFR2
(18%, 4/22), MET (14%, 3/22), KRAS (14%, 3/22) and SRC
(9%, 2/22). Meanwhile, a loss of copy number was observed in
CDKN2A (41%, 9/22), FHIT (27%, 6/22), FGFRI (14%, 3/22)
and RBI (14%, 3/22). A loss of copy number for KIT and PDG-
FRA, located side-by-side on chromosome 4q12, was unexpect-
edly observed in two gastric cancer cell lines (HSC-43 and
MKN45). Interestingly, MET and FGFR2 were exclusively
amplified only in gastric cancers. The results also suggested that
copy number changes occur more frequently in gastric cancers
than in colorectal cancers.

Fibroblast growth factor receptor 2 amplification, C-terminus
truncation and sensitivity to fibroblast growth factor receptor
inhibitor. We previously reported that FGFR2-amplified gastric
cancer cell lines were markedly sensitive to a small molecule
inhibitor with a kinase inhibitory effect on FGFR, and some
of the FGFR2-amplified cell lines dominantly expressed a
C-terminus truncated FGFR2.""> In this study, we evaluated the
truncated-FGFR2 transcripts using an exon array analysis
(Fig. 5A). The exon array demonstrated that HSC-39, HSC-43,
SNU-16 and TU-KATOIII cells overexpressed FGFR2, and
amplification was also confirmed using an array-CGH (Fig. 5B).
Notably, a C-terminus truncated form of FGFR2 lacking
exon 17 was observed dominantly in HSC-43 and partially in
TU-KATOIII. RT-PCR for exons 16-17 and exons 2-3 (control)
confirmed these results (Fig. 5C). Array-CGH data also showed
that the FGFR2-amplicon included the following genes in
HSC-39 (FGFR2), HSC-43 (BRWD2, FGFR2 and ATEID),
SNU-16 (PPAPDCIA, BRWD2, FGFR2 and ATEl) and
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Fig. 5. FGFR2 amplification and marked sensitivity to fibroblast growth factor receptor (FGFR) tyrosine kinase inhibitor in gastric cancer cell

lines. (A) Exon array analysis showing the exon level mRNA expression of FGFR2 in 11 gastric and cancer cell lines and one gastric normal
mucosa specimen. The log2-transformed values indicate the expression levels of each exon. The schematic diagram in the upper panel shows
each exon of FGFR2. Note that FGFRZ is overexpressed in HSC-39, HSC-43, SNU-16 and TU-KATOIIl cells (log2 scale), and a C-terminus truncation
of FGFRZ is observed in HSC-43 and partially in TU-KATOIIl. p1-2: primer set. (B) Array-comparative genomic hybridization analysis of FGFR2
locus in 10 gastric cancer cell lines. A gain of genomic copy number is shown as a bar extending toward the plus side of the baseline (HSC-39,
HSC-43, SNU-16 and TU-KATOIII cells). (C) The mRNA expression levels of FGFR2 were detected using RT-PCR and the following primer (p1, C-
terminus region; p2, common region). (D) Growth inhibitory effect of the FGFR tyrosine kinase inhibitor PD173074 in FGFR2-amplified (HSC-43

and SNU-16) and non-amplified (44As3 and 58As1) gastric cancer cell lines.

TU-KATOIIL (PPAPDCIA, BRWD2 and FGFR2). As expected,
only FGFR2-amplified cell lines, which dominantly express the
truncated form (HSC-43) or the wild-type form (SNU-16),
exhibited a remarkable sensitivity (approximately 100-fold) to
the FGFR tyrosine kinase inhibitor PD173074, indicating that
the major determinant of sensitivity to the FGFR inhibitor was
FGFR2 amplification, and not truncation, in the case of FGFR2
(Fig. 5D).

These results for FGFR2 amplification and drug sensitivity
suggested that an integrated analysis involving an exon array
and array-CGH is useful for the rapid and efficient identification
of factors that determine sensitivity to molecular-targeted drugs
and for evaluating abnormal transcripts that are amplified.

Discussion

Normal gastric and colonic tissues expressed the CB2 isoform of
PRKACB; however, we found that gastric cancer specimens

predominantly expressed the CP1 isoform (Fig. 1). The large
difference in the expressions of variants between gastric cancer
cells and paired non-cancerous gastric mucosa suggests that the
predominant expression of the CPl isoform increases during
carcinogenesis or is involved in the malignant phenotype.
Because these cancer-specific alternative splice variants might
be useful therapeutic targets in cancer treatment, the significance
of cancer-related isoforms of PRKACB warrants further biologi-
cal investigation.

We found that CTNNBI, CDHI3 and CDHI expressed
mutated transcripts that were caused by small genomic deletions
in gastric and colorectal cancer cells. CDHI3 is considered to be
a tumor suppressor gene, and its expression is downregulated by
the hypermethylation of the promoter region in breast, ovarian
and lung cancers."® COLO201 cells expressed novel mutated
transcripts lacking exons 3-5 as a result of a small genomic
deletion (approximately 0.4 Mb, Fig. 2A). Because this deletion
was too small to detect using an array-CGH in a standard
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manner, it would have been overlooked if the exon expression
data had not been available (Fig. 2A,B). Collectively, an inte-
grated analysis involving a whole genome exon array and an
array-CGH might be a promising and efficient approach for
identifying mutated transcripts on a whole genome scale, even
when the mutated transcripts are produced by relatively small
and exon-level genomic deletions in cancer cells.

Recent successful clinical developments of molecular-tar-
geted drugs, largely targeting constitutively activated oncogenes
such as tyrosine kinases, show that mechanisms enabling a gain-
of-function in oncogenes could be promising therapeutic tar-
gets.!!” In this study, drug sensitivity and gene amplification
were highly correlated (Fig. 5), indicating that cell-based evalu-
ations using a genetically well-characterized cell line panel for
uncharacterized compounds might be useful for identifying fac-
tors that determine sensitivity.

In conclusion, we found several abnormal transcripts and
genomic alterations in gastric and colorectal cancer cells using
an integrated analysis involving a whole genome exon array and
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array-CGH. Our approach might enable discoveries in cancer
genetics to be made more efficiently than with the use of con-
ventional methods and warrants further investigation involving
integrated analyses of clinical samples. Our results also suggest
that the combination of a whole genome level approach and a
focused-gene approach might be an effective strategy.
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Conclusion: Study J019907 met its primary endpoint, demonstrating that the addition of bevacizumab to
first-line CP significantly improves PFS in Japanese patients with advanced non-squamous NSCLC. This
prolonged PFS by bevacizumab did not translate into OS benefit with the extremely longer underlying
survival compared to historical data. No new safety signals were identified in this population. (Japan
Pharmaceutical Information Center [JAPIC] registration number: CTI-060338).

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Bevacizumab is a humanized monoclonal antibody that specif-
ically targets vascular endothelial growth factor, inhibiting
angiogenesis, thereby impeding tumor growth and survival. In
trials that recruited mainly Western populations, bevacizumab
given with first-line chemotherapy and continued as monother-
apy until disease progression has been shown to be effective in
patients with non-squamous non-small-cell lung cancer (NSCLC).
A phase IlI trial (E4599) performed in patients with non-squamous
NSCLC, which was conducted primarily in the USA, demon-
strated that the addition of bevacizumab (15 mg/kg) to first-line
carboplatin-paclitaxel (CP) significantly prolonged overall sur-
vival (OS; hazard ratio [HR] 0.79; p=0.003) [1]. That pivotal trial
was of particular clinical significance given that bevacizumab
extended median OS beyond the historic 8-month benchmark
achieved with conventional platinum-based chemotherapy [2].
In a second phase [II trial (AVAIL), which was conducted princi-
pally in European patients with non-squamous NSCLC, addition of
bevacizumab (7.5 or 15 mg/kg) to another commonly-used first-
line chemotherapy regimen (cisplatin-gemcitabine) significantly
improved progression-free survival (PFS [HR] 0.75; p=0.003) [3].

While bevacizumab has been robustly evaluated in Western
populations, its efficacy and tolerability have not been investi-
gated in Japanese patients with NSCLC. It is important that targeted
agents that are established in Western patients are also studied
in Japanese patients, as ethnic differences may influence response
to treatment and safety profiles. This has been highlighted in
several recent studies reporting that Asian patients may respond
differently to targeted agents compared with Western patients,
for example, epidermal growth factor receptor inhibitors (EGFR-
TKIs) such as erlotinib and gefitinib have been associated with
improved responses in Asian patients with NSCLC [4,5]. Espe-
cially, in Japanese patients with NSCLC the frequency of EGFR
mutations is higher (40% or more) compared with Western popu-
lations, and in Japanese population with EGFR mutations, gefitinib
showed improved PFS compared to conventional chemotherapies
in the first line treatment setting [6,7]. In addition, prospective
comparisons of CP therapy between three randomized phase IIl
studies have suggested that chemonaive Japanese patients with
NSCLC have prolonged OS and PFS, with this chemotherapy than
US patients [6]. This may be due to differences in genotypic distri-
bution of genes involved in paclitaxel disposition or DNA damage
repair [8], and further highlights the importance of evaluating can-
cer treatments in different ethnic populations.

We report the final results of the randomized phase II study
JO19907 in Japan, the only study in Asia which compared the effi-
cacy and safety of first-line CP with or without bevacizumab in
patients with advanced non-squamous NSCLC.

2. Patients and methods

JO19907 was a multicenter, randomized, open-label, phase II
study conducted at 19 sites in Japan. The protocol was approved
by the institutional review boards of all participating centers and
was conducted in accordance with the Declaration of Helsinki
and Guideline for Good Clinical Practices. All patients provided
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written informed consent prior to any study-specific procedures
being performed.

2.1. Patients

Eligible patients were aged 20-74 years and had histologi-
cally or cytologically documented stage 11IB with pleural and/or
pericardial effusion and/or pleural dissemination, IV or recurrent
non-squamous NSCLC. Patients were also required to have: mea-
surable lesions as defined by Response Evaluation Criteria in Solid
Tumors (RECIST 1.0);[9] an Eastern Cooperative Oncology Group
Performance Status (ECOG PS) of 0 or 1; life expectancy of =3
months; and adequate bone marrow, hepatic, and renal function.
Key exclusion criteria were: prior chemotherapy for NSCLC; cen-
tral nervous system metastases or spinal cord compression; a
tumor invading major blood vessels or with cavitation; hemoptysis
(=2.5mL perevent); history of coagulation disorders or therapeutic
anticoagulation; uncontrolled hypertension; or history of a symp-
tomatic lung disorder.

2.2, Study design

The study was conducted in two steps. Step 1 was performed to
evaluate the tolerability of bevacizumab-CP in Japanese patients.
In this step, six patients received bevacizumab-CP intravenously
on day 1 of a 21-day cycle. Carboplatin was administered at
a dose calculated to produce an area-under-the-curve (AUC) of
6 mg/(mLmin), paclitaxel was administered at a dose of 200 mg/m?
and bevacizumab at a dose of 15 mg/kg. AEs were assessed based
on the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) v3.0. Transition to step 2 of the trial
was possible if no more than two patients presented during the
first treatment cycle with grade 4 hematologic toxicities or grade
>3 non-hematologic toxicities.

In step 2, eligible patients were randomly assigned ina 2:1 ratio
to receive bevacizumab-CP or CP alone with no placebo for beva-
cizumab. Randomization was performed centrally and patients
were stratified according to disease stage (lIIB, IV, or recurrent),
ECOG Ps, and gender. All treatments were administered on day 1
of a 21-day cycle according to the regimens described in step 1.
Chemotherapy was repeated every 21 days for a total of 6 cycles
unless there was evidence of disease progression or unacceptable
toxicity. In the absence of disease progression, patients who were
treated with bevacizumab and who completed at least 3 cycles
of chemotherapy could continue with bevacizumab monotherapy
until disease progression or unacceptable toxicity.

2.3. Efficacy and safety assessments

After the baseline evaluation, tumor lesions were evaluated
every 6 weeks for the first 18 weeks, thereafter every 9 weeks until
evidence of disease progression. Responses were assessed by com-
puted tomography, magnetic resonance imaging, or x-ray using
RECIST 1.0. PFS, the primary endpoint of this study, and responses
were assessed by an Independent Review Committee in a blind
manner. AEs were monitored throughout the study and graded
using NCI-CTCAE v3.0.
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2.4. Pharmacokinetic assessments

Blood samples were collected prior to and 1h after every
infusion of bevacizumab until the sixth cycle from patients
randomized to bevacizumab-CP. The pharmacokinetic profile of
bevacizumab was characterized using non-linear regression by
fitting a one-compartment model to bevacizumab serum concen-
trations (WinNonlin v4.1; Pharsight, St. Louis, MO). The following
parameters were estimated: clearance (CL); volume of distribution
(Vd); half-life (), AUC from zero to infinity (AUC,r) and mean
residence time (MRT).

2.5. Statistical analysis

PFS was defined as the time from randomization to first doc-
umented disease progression or death, whichever occurred first.
Secondary endpoints included OS, objective response rate (ORR),
time to response, duration of response, disease control rate (DCR;
sum of complete responses plus partial responses plus stable
disease), pharmacokinetics, and safety. Efficacy analyses were per-
formed on eligible patients who underwent tumor evaluation at
least once after the baseline assessment. Safety analyses were per-
formed on all patients who received at least one dose of study
treatment.

On the basis of the PFS benefit reported in E4599 (HR 0.66;
p<0.001) [1], it was estimated that addition of bevacizumab to CP
would reduce the risk of disease progression by 35%. Given this
assumption, an HR point-estimate for PFS of 0.8 or better could be
taken to indicate a treatment difference similar to that observed in
E4599. The study was designed to have an 86.8% conditional prob-
ability to detect an effect on PFS similar to that found in E4599. The
PFS analysis was planned after 130 events; therefore, to allow for
event and drop-out rates, the trial enrolled 180 patients.

Time-to-event distributions were estimated by the
Kaplan-Meier method. Between-treatment differences at each
time-to-event endpoint were tested with a two-sided stratified
log-rank test adjusted with the stratification factors used for
randomization. HRs were calculated by Cox proportional-hazards
methods adjusted with the stratification factors for randomization.
Exploratory forward stepwise regression analyses with the use of
the Cox model were performed to adjust for treatment effect on
PFS.

3. Results

Patients were enrolled between April 2007 and March 2008.
The clinical data cut-off dates were November 2008 for analy-
sis of the primary endpoint (PFS), February 2009 for analysis of
the safety and February 2010 for analysis of the secondary end-
point (0S). As planned, six patients were enrolled in step 1 of the
study. None of the predefined toxicities were reported in these six
patients.

3.1. Patient characteristics

A total of 180 patients were recruited to step 2 of the study:
121 were assigned to bevacizumab-CP (Fig. 1). Three patients were
excluded from the safety and efficacy analyses as they did not begin
treatment due to ineligibility confirmed, clinically unacceptable
high total dose of carboplatin calculated, or withdrawn consent,
and a further two patients were excluded from the efficacy anal-
ysis because they did not have measurable disease. Table 1 shows
selected demographic and baseline characteristics of all randomly
assigned patients. The two groups were well balanced at base-
line.
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Table 1
Summary of baseline patient characteristics and demographics.

Variable CP(n=59) Bevacizumab-CP
(n=121)

Median age, years (range) 60(38-73) 61(34-74)

Age <B5 years, n (%) 40(68%) 73 (60%)

Age =65 years, n (%) 19(32%) 48(40%)
Gender, n (%)

Male 38(64%) 77 (64%)

Femnale 21(36%) 44(36%)
ECOG PS, n (%)

0 29(49%) 62(51%)

1 30(51%) 59(49%)
Tumor histology, n (%)

Adenocarcinoma 55(93%) 111(92%)

Large cell carcinoma 2(3%) 2(2%)

Other 2(3%) B(7%)
Stage, n (%)

1B 12(20%) 28(23%)

v 42(71%) 83(69%)

Recurrent 5(8%) 10(8%)
Smoking status, n (%)

Never smoker 19(32%) 38(31%)

Current or past smoker 40(68%) 83(69%)

CP, carboplatin plus paclitaxel; ECOG, Eastern Cooperative Oncology Group; PS,
performance status.

3.2, Treatment

The median number of chemotherapy cycles was 6 in the
bevacizumab-CP group and 4.5 in the CP group. After initial
bevacizumab-CP treatment of between 3 and 6 cycles, 72 patients
(60.5%) received bevacizumab monotherapy for a median of 6
cycles (range 1-25).

3.3. Efficacy analysis

The HR for PFS with bevacizumab-CP versus CP alone was 0.61
(95% CI: 0.42-0.89; p=.0090; Fig. 2); median PFS in the two treat-
ment groups was 6.9 months (95% Cl: 6.1-8.3) and 5.9 months (95%
Cl: 4.2-6.5), respectively. In the subgroup analyses, improvement
in PFS with bevacizumab-CP was evident in most patient subgroups
assessed (Fig. 3).

| Patients accrued: n = 180 (April 2007-March 2008) ]

2:1 randomization

CcP
{n=59)

CP-Bevacizumab
(n=121)

r——1 [ 1

Did not start treatment Inafigible and did not
n=2) start treatment

Safety analysis
(n=119)

I

Ineligible
n=2)

Safety analysis
in=158)

Efficacy analysis
n=117)

Efficacy analysis
(n = 58)

Fig. 1. Enrollment, randomization and follow-up of patients.



S. Niho et al. / Lung Cancer 76 (2012) 362-367

CP-bevacizumab CP

% Madian PFS 5.9 59
\
081 HR {95% C1) 0.61(0.42-0.89)
@ pvalue 0.0050
% 051 \ -
E o8 "
= .
w [ — CP-bevacizumab
w04 113 \ cp
& i T
-
02 g
[
0 4 8 12 16 20
Time iMonths)
Pationts at riskc
CP.bavacitumad 117 54 ] " 1 o
cP -] » 15 1 ] ]

CP, carboplatin plus paclitaxel; PFS, progression-free survival; HR, hazard ratio.

CP-bevacizumab CP

Median OS 228 234
1.0 e {maonths)
HR (95% Cl) 0.99 (0.65-1.50)
0.8 p value 0.9526
® — CP-bevacizumab
E 0.6 1
E = o= =
w 044
o
0.2
o T T T — r J
] ] 12 18 24 30 36
PES— Time (months)
CP-bevacizumab 117 m a5 €9 48 9 0
cP 58 52 42 35 20 4 0

CP, carboplatin plus paclitaxel; OS, overall survival, HR, hazard ratio.

Fig. 2. Kaplan-Meier estimate of PFS and OS.

ORR was significantly higher with bevacizumab-CP than with
CP alone (60.7% [95% Cl: 51.2-69.6%] versus 31.0% [95% CI:
19.5-44.5%], respectively; p=0.0013) (Table 2) as was the DCR
(94.0% [95% CI: 88.1-97.6%] versus 70.7% [95% Cl: 57.3-81.9%],
p=0.0002) (Table 2).
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Table 2
Best tumor response in evaluable patients according to RECIST.

CP(n=58) Bevacizumab-CP

(n=117)
CR, n (%) 0 1(0.9%)
PR, n (%) 18(31.0%) 70(59.8%)
SD, n (%) 23(39.7%) 39(33.3%)
PD, n (%) 14(24.1%) 5(4.3%)
Non-evaluable, n (%) 3(5.2%) 2(1.7%)
ORR, % (95% CI) 31.0% (19.5-44.5) 60.7%(51.2-69.6)*
DCR, % (95% CI) 70.7%(57.3-81.9) 94.0% (88.1-97.6)°

CP, carboplatin plus paclitaxel; CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; ORR, objective response rate, DCR, disease
control rate.

* p=0.0013 versus CP (Cochran-Mantel-Haenszel test adjusted with the stratifi-
cation factors used for randomization).

b p=0.0002 versus CP (Cochran-Mantel-Haenszel test adjusted with the stratifi-
cation factors used for randomization).

The median time to response was shorter with bevacizumab-
CP (1.4 months; 95% Cl: 1.4-1.5) than with CP alone (2.7 months;
95% Cl: 1.4-2.8); however, this difference was not statistically sig-
nificant (HR 1.45; 95% Cl: 0.85-2.48; p=0.1496). In addition, the
median duration of response was longer in bevacizumab-CP recip-
ients (6.9 months; 95% Cl: 4.8-7.7) than in those treated with CP
alone (5.6 months; 95% CI: 5.1-8.3), with an HR of 0.80 (95% CI:
0.43-1.48; p=0.4727).

The HR for OS with bevacizumab-CP versus CP alone was 0.99
(95% ClI: 0.65-1.50; p=0.9526; Fig. 2). The median OS was 22.8
months (95% Cl: 18.1-28.2) in the bevacizumab-CP group, com-
pared with 23.4 months (95% CI: 17.4-28.5) in the CP alone group.
Most patients in both treatment groups received post-study thera-
pies (82% in bevacizumab-CP and 86% in CP alone). The number of
patients who received third line therapy was higher in the CP alone
group (48% in bevacizumab-CP and 57% in CP alone). EGFR-TKIs and
docetaxel were the main drugs in second and third lines of therapy,
administered to over 40% of patients (EGFR-TKIs: 41% and 47% in
bevacizumab-CP and in CP alone, respectively; docetaxel: 42% and
40%) (Table 3).

Lower Upper
confidence confidence
Category Subgroup n limit Estimate [|imit
All All Tt 175 0.38 0.55 0.78
Age <65 bt 111 0.29 0.46 0.73
265 —tt 64 0.40 0.71 1.29
Sex Male —_— 113 0.34 0.52 0.80
Female ——t 62 0.30 0.59 1.13
Clinical stage StagellIB —_— 38 0.16 0.35 0.76
Stage IV ] 124 0.45 0.69 1.05
Recurrentdisease H— 13 0.05 0.22 1.02
Smoking status Neversmoker [— 55 0.24 0.49 1.01
Current+ Past smoker —_— 120 0.38 0.58 0.87
ECOG PS at screening 0 I— 88 0.31 0.53 0.90
1 p— 87 0.33 0.54 0.89
L) L L
- 1 2

0
Hazard ratio

Bevacizumab + CP better CP better

<

>

HR, hazard ratio; PFS, progression-free survival; CP, carboplatin plus paclitaxel;

ECOG, Eastern Cooperative Oncology Group; PS, performance status.

Fig. 3. HRs (95% CI) for PFS, according to subgroup analysis.
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Table 3
Post-protocol therapies (second line, third line).

Post-protocol therapy CP(n=58) Bevacizumab-CP
(n=117)
Second line chemotherapy 86% 82%
Third line chemotherapy 57% 48%
Treatment
docetaxel 40% 42%
EGFR-TKIs 47% 41%
gemcitabine 26% 24%
cisplatin 10% 9%
pemetrexed 5% 9%
investigational agent 17% 3%

CP, carboplatin plus paclitaxel; EFFR-TKIs, epidermal growth factor receptor
inhibitors.

3.4. Safety analysis

Table 4 shows the incidences of AEs of special interest (i.e., AEs
that have been associated with bevacizumab in combination with
chemotherapy in previous studies) observed in both treatment
groups.

Neutropenia was the most frequent AE of special interest in both
treatment groups. Rates of any-grade proteinuria were higherin the
bevacizumab treatment arm, but were generally mild-to-moderate
in severity. Likewise, any-grade nasal bleeding occurred more fre-
quently with bevacizumab-CP; however, no grade =3 events were
reported.

While grade >3 hypertension was not reported in any patients
treated with CP alone, it occurred in 11% of bevacizumab-CP
recipients. No grade 4 hypertension was observed. Grade =3
leukopenia, neutropenia, and hyponatremia were modestly higher
with bevacizumab-CP than with CP alone. Febrile neutropenia
occurred in 8% of patients in the bevacizumab-CP group compared
with 7% of patients in the CP alone group (Table 4).

Grade 1-2 hemoptysis was reported in 22% of patients treated
with bevacizumab-CP compared with 5% of patients with CP alone.
There were no grade 3 or 4 hemoptysis events; however, one
grade 5 hemoptysis event was reported in a patient treated with
bevacizumab-CP. This patient was male and had histology of

S. Niho et al. / Lung Cancer 76 (2012) 362-367

adenocarcinoma with the primary tumor located in the left lower
lobe and lymph-node metastases in the hilum of the left lung. The
tumor did not have any cavitation. The patient had no complicat-
ing disease or any history of hemoptysis or bloody sputum and was
not receiving anticoagulation therapy. The patient presented with
grade 5 hemoptysis on day 12 of the second cycle.

Discontinuation of chemotherapy due to AEs occurred slightly
more frequently in the bevacizumab-CP group (33% versus 26%
of patients receiving CP alone). Twenty-six percent of patients
discontinued bevacizumab because of an AE, mainly proteinuria,
neutropenia, or hemoptysis.

3.5. Pharmacokinetic analysis

Pharmacokinetic parameters were analyzed in 51 patients
who received bevacizumab-CP. Bevacizumab had a mean CL of
2.92 +0.56 mL/day/kg, a mean fy of 11.3 £2.1 days, a mean Vd of
46.51 £6.79 mL/kg, a mean AUC,¢ of 5,314 + 1013 pgday/mL and
an MRT of 16.3 £+ 3.0 days. The pharmacokinetic profile of beva-
cizumab in JO19907 was similar to that reported in patients treated
with bevacizumab-CP in a US phase Il study [10] (data not shown).

4. Discussion

In this phase II study, bevacizumab in combination with first-
line CPin Japanese patients with non-squamous NSCLC reduced the
hazard of disease progression by 39% (HR 0.61; 95% Cl: 0.42-0.89).
Furthermore, almost all evaluable patients who received beva-
cizumab achieved a tumor response or disease stabilization
compared with only three-quarters of those who did not receive
bevacizumab. This study was an open randomized trial and a poten-
tial bias could have been introduced by the use of non-blinded
medication. Taking into consideration the nature of PFS as end-
point and non-placebo-controlled study design, tumor responses
were evaluated by an Independent Review Committee in a blind
manner.

Median PFS with bevacizumab-CP in JO19907 was 6.9 months,
similar to that reported in phase III trials in Western populations
(6.2 months with bevacizumab-CP [1] and 6.5-6.7 months with

Table 4
Selected adverse events of special interest associated with carboplatin-paclitaxel = bevacizumab therapy.
Event CP(n=58) Bevacizumab-CP (n=119)
Grade 1/2 Grade 3 Grade 4 Grade 1/2 Grade 3 Grade 4

Hematologic toxicity
Leukopenia 48% 40% 2% 44% 46% 4%
Neutropenia 9% 28% 57% 5% 18% 73%
Decreased hemoglobin 76% 3% 5% 73% 10% 2%
Thrombocytopenia 59% 3% 5% 67% 4% <1%
Febrile neutropenia - 7% Q - 8% 0

Non-hematologic toxicity
Hypertension 10% 0 0 37% 1% 0
Bleeding 31% 0 0 77% <1% 0

Hemoptysis 5% 0 0 22% 0 0*
Nasal bleeding 12% 0 0 72% 0 0

Venous thromboembolism 0 3% 0 4% 0 0
Arterial thromboembolism 0 0 0 0 0 <1%
Congestive heart disease 2% 0 0 0 0 <1%
Proteinuria 17% 0 0 51% <1% 0
Fatigue 53% 0 0 49% 3% 0
Vomiting 31% 0 0 34% 2% 0
Neuropathy 81% 5% 0 B0% 8% 0
Muscle pain 1% 0 0 70% 0 0
Joint pain 79% 0 0 81% <1% 0
Elevated AST 36% 0 0 44% 2% <1%
Elevated ALT 36% 5% 0 44% 3% <1%
Hyponatremia 3% 0 0 6% 7% <1%
Treatment-related death 0% <1%*

4 One grade 5 hemoptysis event was reported in the bevacizumab group.

CP, carboplatin plus paclitaxel; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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bevacizumab-cisplatin-gemcitabine [3]). The magnitude of reduc-
tion in the hazard of disease progression in this study with addition
of bevacizumab to chemotherapy (HR 0.61) is also similar to, or
greater than, that reported in the Western phase Il studies (HR 0.66
in E4599 [1] and 0.75-0.82 in AVAIL [3]). Furthermore, subgroup
analyses according to baseline patient characteristics indicated
that bevacizumab was effective in most patient subgroups stud-
ied. This confirms the clinical activity of bevacizumab in Japanese
patients with non-squamous NSCLC. Therefore, extrapolating the
data from Western populations, bevacizumab could be considered
as a first-line treatment option for Japanese patients presenting
with non-squamous NSCLC.

No new safety signals were reported for bevacizumab in
]019907. The favorable tolerability profile of bevacizumab is
reflected in the observation that 60.5% of patients were able to
continue on bevacizumab monotherapy for a median of 6 cycles
following chemotherapy. The incidences of grade =3 leukope-
nia, neutropenia, and hypertension were modestly higher in
patients treated with bevacizumab; however, the majority of
these events were controlled with standard clinical management.
Grade 4 neutropenia occurred significantly more frequently with
bevacizumab-CP than CP alone (73% versus 57%; p=0.0395); how-
ever, there was no trend for an increased rate of febrile neutropenia
or other infection in bevacizumab treated patients. Interestingly,
the rate of grade 4 neutropenia in both groups was higher than
that seen in the E4599 study (25.5% in bevacizumab-CP and 16.8%
in CP alone) [1]. This supports the findings of Gandara et al., who
reported that grade 4 neutropenia is more common in Japanese
patients than Western patients treated with CP [8].

Although one grade 5 episode of hemoptysis did occur in the
bevacizumab-CP group; overall hemoptysis events occurred at a
rate similar to or lower than those reported in the E4599 and AVAIL
studies, with all but one of these events grade 1 or 2 in severity. In
addition to excluding patients with a history of hemoptysis, as in
the E4599 study, the AVAIL and J019907 studies excluded patients
with tumors invading major blood vessels. Moreover, because ret-
rospective analysis [11] of the E4599 study and another US phase
II study [10] indicated that tumor cavitation is a potential risk
factor for pulmonary hemorrhage in patients treated with beva-
cizumab plus chemotherapy, the eligibility criteria of this study
also excluded patients with cavitated tumors. Appropriate selec-
tion of eligible patients might have made the risk of hemoptysis
clinically manageable.

Unfortunately, the PES improvement conferred by bevacizumab
did not translate into an OS benefit in this study, which may be
due to several limitations. Firstly, this study was not sufficiently
powered to assess the OS benefit of bevacizumab plus CP, which
was a secondary endpoint. Also, the median survival times were
>22 months in both arms, approximately double the median sur-
vival time observed in the E4599 study, which undoubtedly reflects
the unexpectedly long post-progression survival (PPS) [12] due to
the efficacy of post-protocol therapies. It has been reported that
when PPS is long, statistical power to detect a difference in OS
is greatly reduced and that lack of statistically significant differ-
ence in OS does not imply lack of OS benefit [13]. In our trial, more
than 80% of the patients received subsequent therapies, compared
with less than 50% in E4599. Moreover, many newly developed effi-
cacious drugs with proven survival benefit, such as EGFR-TKIs or
docetaxel, were used in the post-study period. Taking into con-
sideration the higher frequency of EGFR mutations in Japanese
patients, especially, use of EGFR-TKIs could contribute to the pro-
longed PPS. Thus, our second limitation is that we were unable to
thoroughly collect and report information on the second- or third-
line therapies used in this trial, including treatment duration and
tumor responses to those post-protocol therapies. In addition, nei-
ther investigation nor report of the EGFR mutation status was not
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required in this trial. More detailed analyses on post-protocol ther-
apies might be necessary to evaluate the OS benefit in future study
reports.

In conclusion, addition of bevacizumab to first-line CP results
in similar PFS benefits in Japanese patients with advanced non-
squamous NSCLC as in Western patients. No new safety concerns
were raised in Japanese population.
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