points of 24, 48, and 72 h. The resultant cells were used
for biological assays at the indicated time point after
siRNA transfection. Stealth RNAI™ siRNA Negative
Control Med GC Duplex (Invitrogen, Carlsbad, CA) was
used as negative control throughout the experiment.

Lentivirus and infections

MISSION shRNA pLKO.1 constructs (Sigma-
Aldrich, St. Louis, MO) were used to make self-
inactivating shRNA lentivirus for PAPPA [sequence 5’-
CCG GGG TGA CGG ATG GGA CAT ATT ACT CGA
GTA ATA TGT CCC ATC CGT CAC CTT TTT TG-3’
(clone NM_002581.3-3690s21c1)], and a non-target
random scrambled sequence control (SHC002). For virus
transduction, 2 x 105 NCI-H290 cells were incubated
with lentivirus plus 5 pg/ml polybrene (CHEMICON
International, Temecula, CA) for 24 h. The successfully
transduced clones were identified by puromycin (Sigma-
Aldrich, St. Louis, MO) selection.

MTT assay

Cell proliferation was measured by the
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) dye reduction method [26]. Briefly,
the MPM cells (2 x 10%/well) were seeded in 96-well
plates and cultured for 72 h. After incubation, 50 pl of
stock MTT solution (2 mg/ml; Sigma, St. Louis, MO)
was added to each well, and the cells were then further
incubated for 2 h. The media containing MTT solution
were removed and the dark blue crystals were dissolved by
adding 100 pl of DMSO. Absorbance was measured with
a Sunrise Microplate Reader (Tecan Group, Ménnedorf,
Switzerland) at test and reference wavelengths of 550 and
620 nm, respectively.

Orthotopic xenograft mouse model

Male severe combined immunodeficiency (SCID)
mice aged 6-7 weeks (CLEA Japan, Osaka, Japan) were
maintained under specific pathogen-free conditions
throughout the study. Ethics approval for all animal
experiments was obtained from Animal Care and Use
Committee of The University of Tokushima. An orthotopic
implantation model of human MPM was established as
described previously [3-5, 26]. Briefly, 3 x 10°NCI-H290
cells in 100 pl of PBS were injected into the right pleural
cavity of mice. The mice were sacrificed 21-23 days after
tumor inoculation. The pleural tumors were carefully
dissected and weighed; the pleural effusion was harvested
using a 1-ml syringe, and the volume of the pleural
effusion was measured.

Statistical analysis

The statistical significances of the differences
were analyzed by Student’s 7 test, one way ANOVA
analysis, where applicable. The correlation efficient and

" the significance were calculated by Pearson’s correlation

analysis. The P-values less than 0.05 were considered
significant in all experiments. Data analysis was carried
out using GraphPad Prism version 5.01 (GraphPad
Software, La Jolla, CA).
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Purpose
New molecular targeted agents are needed for patients with non—-small-cell lung cancer (NSCLC)

who progress while receiving erlotinib, gefitinib, or both. Afatinib, an oral irreversible ErbB family
blocker, has preclinical activity in epidermal growth factor receptor (EGFR [ErbB1]) mutant models
with EGFR-activating mutations, including T790M.

Patients and Methods

This was a Japanese single-arm phase Il trial conducted in patients with stage 1B to IV pulmonary
adenocarcinoma who progressed after = 12 weeks of prior erlotinib and/or gefitinib. Patients
received afatinib 50 mg per day. The primary end point was objective response rate (complete
response or partial response) by independent review. Secondary end points included progression-
free survival (PFS), overall survival (OS), and safety.

Results
Of 62 treated patients, 45 (72.6%) were EGFR mutation positive in their primary tumor according

to local and/or central laboratory analyses. Fifty-one patients (82.3%) fulfilled the criteria of
acquired resistance to erlotinib and/or gefitinib. Of 61 evaluable patients, five (8.2%;95% Cl, 2.7%
to 18.1%) had a confirmed objective response rate (partial response). Median PFS was 4.4 months
{95% Cl, 2.8 to 4.6 months), and median OS was 19.0 months (95% Cl, 14.9 months to not
achieved). Two patients had acquired T790M mutations: L858R + T790M, and deletion in exon
19 + T790M; they had stable disease for 9 months and 1 month, respectively. The most common
afatinib-related adverse events (AEs) were diarrhea (100%) and rash/acne (91.9%). Treatment-
related AEs leading to afatinib discontinuation were experienced by 18 patients (29%], of whom
four also had progressive disease.

Conclusion
Afatinib demonstrated modest but noteworthy efficacy in patients with NSCLC who had received

third- or fourth-line treatment and who progressed while receiving erlotinib and/or gefitinib,
including those with acquired resistance to erlotinib, gefitinib, or both.

J Clin Oncol 31:3335-3341. © 2013 by American Society of Clinical Oncology

kinase inhibitor (TKI) therapy have been shown
in several phase I1I trials.”” Despite promising
results, patients with NSCLC who harbor EGFR

Epldemal gro factor 1'ecetor EGER [Erb]él]j

somatic mutations occur in 30% of patients with
non—small-cell lung cancer (NSCLC) who are of
East Asian ethnicity (eg, from Japan or Taiwan)
compared with 8% of patients of other ethnicities
(eg, from the United States or Australia).! The
predictive significancé of these mutations in
NSCLC and the association with a considerable
improvement in response and progression-free
survival (PFS) with currently available tyrosine

mutations will eventually experience disease
progression as a result of the inevitable devel-
opment of resistance mechanisms, in particu-
lar, the T790M mutation in exon 20, which is
found in more than 50% of patients who received
an EGFR TK1.%? Currently, there are no treat-
ments with proven efficacy for these patients;
thus, there is an increased demand to develop
novel molecular targeted agents.

© 2013 by American Society of Clinical Oncology 3335
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Afatinib is an irreversible ErbB family blocker, the preclinical
activity of which includes EGFR-mutant cell lines that have common
mutations, including T790M.'%'! Results from phase /11 trials have
complemented these two preclinical studies, demonstrating the effi-
cacy of afatinib in patients with NSCLC who harbor EGFR-activating
mutations.'? These trials also included a phase I study in Japan that
suggested modest clinical activity of afatinib in such patients following
progression on erlotinib, gefitinib, or both and identified the
maximum-tolerated dose of afatinib as 50 mg."?

This phase II trial was conducted in Japan to evaluate the
efficacy of 50-mg afatinib monotherapy in third- and fourth-line
patients with NSCLC who had progressed while receiving erlotinib
and/or gefitinib treatment.

Study Design

This was a multicenter, single-arm, open-label phase II trial of afatinib
monotherapy in patients with NSCLC who had progressed on currently avail-
able EGFR TKIs. The primary end point was objective response rate (ORR) by
independent review according to Response Evaluation Criteria in Solid Tu-
mors (RECIST) 1.0." Secondary end points were time to ORR, duration of
ORR, frequency and duration of clinical benefit (complete response [CR],
partial response [PR], and stable disease [SD]), PES, overall survival (OS), and
disease control rate (DCR).

The study was conducted in line with the Declaration of Helsinki and the
International Conference on Harmonization Good Clinical Practice guide-
lines and with the approval of each institutional review board. All patients
provided written informed consent before study participation.

Study Population

Patients were required to have had at least 12 weeks of prior EGFR TKIs,
which served as an enrichment strategy for patients with EGFR-activating
mutations and subsequent acquired resistance mutations. Although EGFR
mutation status at screening, including T790M status, was not required, mu-
tation analysis was performed if adequate tumor tissue was available from
existing specimens or by rebiopsy.

Patients were at least age 20 years, had an Eastern Cooperative Oncology
Group performance status (ECOG PS) of 0 or 1, and alife expectancy of atleast
3 months. Patients had to have either pathologically or cytologically confirmed
stage ITIB to IV adenocarcinoma, with at least one tumor lesion measurable by
computed tomography or magnetic resonance imaging. Patients who were
incurable with radiotherapy and had received at least one, but not more than
two, lines of chemotherapy (including at least one platinum-based regimen)
were eligible. Following initial clinical benefit from chemotherapy, eligible
patients should have had radiographically confirmed progression according to
RECIST 1.0 following at least 12 weeks of erlotinib and/or gefitinib treatment.
However, they should not have received either of these drugs within 2 weeks of
starting afatinib nor should they have received any other investigational drug
within 4 weeks before enrollment. Thoracic radiotherapy was not permitted
nor was any radiotherapy permitted within 4 weeks before enrollment.

Patients were excluded if they had gastrointestinal disorders with diar-
rhea as a major symptom, significant cardiovascular disease, serious drug
hypersensitivity, coelomic fluid retention, uncontrolled concomitant diseases,
inadequate baseline organ function, additional significant malignancies diag-
nosed within the past 5 years, and brain tumors and/or brain metastases
(symptomatic or requiring treatment).

Treatment

Patients received a single daily oral dose of afatinib at a starting dose of
50 mg 1 hour before food until progressive disease (PD), withdrawal of con-
sent, or withdrawal due to adverse events (AEs). If patients experienced any
grade = 3 drug-related AE, as assessed by the National Cancer Institute

Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 3.0

3336 © 2012 by American Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provi
Copyright © 2013 American Society

or grade 2 diarrhea, nausea, or vomiting for = 7 consecutive days despite
appropriate supportive care, afatinib was stopped for up to 14 days. Following
this and recovery to a grade < 1 AE or baseline (whichever was higher), afatinib
could be restarted with the dose reduced by 10 mg; this dose reduction could be

_repeated a second time. However, after a third occurrence, afatinib was dis-

continued. Treatment of tumor-related symptoms and AEs by medications
such as antidiarrheals, antibiotics, analgesics, and antiemetics was allowed.

Efficacy Assessments

Baseline tumor assessments used computed tomography or magnetic
resonance imaging scans of one to 10 target lesions at the initial screening.
Patients who received atleast one dose of afatinib and who had baseline disease
measurable by RECIST were included in the efficacy analysis. ORR was mea-
sured by monitoring the same target lesions at 4, 8, and 12 weeks following the
initial treatment and then every 8 weeks thereafter until study end. Patients
were assigned by best response to one of the following RECIST categories: CR,
PR, SD, or PD. Patients experiencing a CR or PR lasting for more than 4 weeks
were defined as those with an ORR, whereas clinical benefit also included
patients experiencing SD, which musthave been observed after at least 6 weeks
on the study. All imaging data were independently reviewed by a separate
central evaluation committee, which consisted of two independent radiolo-
gists and a specialist for chest diseases, none of whom were involved in
the study.

Safety and Tolerability Assessments
AEs defined by NCI-CTCAE version 3.0 were assessed during and after
afatinib treatment.

Mutation Analyses

Molecular marker studies were performed on the majority of baseline
primary tumors (by using tissue or serum samples or pleural effusion speci-
mens). Only two tumor samples (pleural effusion specimen and tumor tissue)
underwent rebiopsy at the time of disease progression with prior EGFR TKIs.
At the central laboratory, tumor and serum samples were analyzed by the
Scorpion amplification refractory mutation system method. By using tumor
samples, K-ras codon 12/13 and exons 18 to 21 in the tyrosine kinase domain
of the EGFR were analyzed by the direct sequencing method if there was a
sufficient volume of DNA.

Acquired Resistance Criteria

Acquired resistance to erlotinib and/or gefitinib was defined by using
the Jackman criteria: (1) being EGFR mutation positive, (2) having CR/PR
to erlotinib and/or gefitinib or SD for at least 6 months with erlotinib
and/or gefitinib, (3) receiving no erlotinib and/or gefitinib for less than 4
weeks, and (4) receiving no intervening chemotherapy.15

Statistical Analyses

A planned analysis (September 15, 2010) was performed 36 weeks after
the initiation of afatinib treatment in the last entered patient, and a second
planned analysis was done (February 14, 2011) to include mature efficacy data
based on the independent review. A sample size of 60 patients was required to
provide 94% power to detect statistically significant evidence of afatinib activ-
ity based on the assumption that the true response rate was = 10%. The null
hypothesis was a = 1% ORR using an exact binomial test with a one-sided
significance level of 0.025. Patients documented as having taken at least one
dose of afatinib who had at least one response assessment were included in the
primary analysis. Median PFS and OS calculations used Kaplan-Meier meth-
ods, and 95% Cls were calculated by using Greenwood’s SE estimates.

Patient Population

Between June 16, 2009, and February 14, 2011, at 20 sites across
Japan, 62 patients were entered onto the trial and received at least one
dose of afatinib. At the second planned analysis, 58 patients (93.5%)
had discontinued treatment because of PD (64.5%), AEs (25.8%), and
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Afatinib in Patients With Advanced Non-Small-Cell Lung Cancer

Tahle 1. Patient Demographics and Baseline Characteristics

Afatinib
Characteristic No. %
" No. of patients
Sex
Male 14 22.6

Female 48 77.4

wrinange:

Baseline ECOG PS
0 29 46.8
1 33 53.2

Clinical stage at screemng '
B 5 8.1
\% 57 91.9

Other previous anticancer therapies .
Surgery 15 24.2

Radiotherapy 21 33.9

Previous EGFR TKls

Erlotinib only 7 11.3
Gefitinib only 49 79.0
Both erlotinib and gefitinib 6

Duiration of pre 1 Kl wee

Interval from discontinuation of EGFR
TKI to start of afatinib, weeks

< 4 52 83.9

410 <8 7 11.3

8to <12 2 3.2
1

Abbreviations: CR, complete response; ECOG, Eastern Cooperative Oncol-
ogy Group; EGFR, epidermal growth factor receptor; PR, partial response; PS,
performance status; SD, stable disease; TKI, tyrosine kinase inhibitor.

*Tumor tissue, pleural effusion specimens, or serum samples tested locally
and/or by central laboratory.

WWW.jC0.018
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refusal to continue treatment (3.2%). Four patients (6.5%) were con-
tinuing treatment and, as of February 8, 2012, one patient was still
receiving afatinib. Mean total treatment time was 4.59 months (max-
imum treatment time, 16.3 months) for all 62 patients.

Patient demographics and baseline characteristics are provided
in Table 1. The majority of patients were female (77.4%), 46.8% had
an ECOG PS of 0, and 69.4% were never-smokers. Mutation testing
was performed on 56 patients (90.3%), and 45 (72.6%) were deter-
mined to be EGFR mutation positive in their primary tumor accord-
ing to local and/or central laboratory analyses (Appendix Table Al,
online only). Acquired T790M was reported as a mutation sequence
code in two patients (3.2%). No KRAS mutations were found among
12 patients with tissue sample test results.

The majority of patients (79.0%) had previously received ge-
fitinib, 11.3% had received erlotinib, and 9.7% had received both.
Patients had been on previous EGFR TKIs for a median of 57.5 weeks,
and 95.2% had been on previous EGFR TKIs for at least 24 weeks.
Approximately two thirds of patients (64.5%) had aresponse (PR/CR)
to prior EGFR TKI therapy. The median interval from EGFR TKI
discontinuation to afatinib treatment initiation was 3 weeks (range, 2
to 13 weeks). Fifty-one patients (82.3%) met the Jackman definition of
having acquired resistance to erlotinib and/or gefitinib.

Antitumor Activity

Sixty-one patients were evaluable for tumor response (Table 2);
one was excluded because of lack of evaluable tumor imaging data. Of
61 evaluable patients, five (8.2%; 95% CI, 2.7% to 18.1%) achieved a
confirmed response, all of which were PRs, and 35 (57.4%) had SD for
at least 6 weeks, with a DCR of 65.6% by independent review. Most
responses were seen within 8 weeks of afatinib initiation. The mean
duration of response was 24.4 weeks. Afatinib reduced the size of
target lesions in 79% of all patients during the treatment period (Fig
1), with nine patients (16%) having at least a 30% reduction in tumor
size. However, tumor size reduction did not last for more than 4 weeks
in four of nine patients.

Median PFS was 4.4 months (95% CI, 2.8 to 4.6 months) by
independent review (Fig 2A). The PFS data were mature, with 72.1%
of patients having a PFS event at the time of the second planned
analysis. Median OS was 19.0 months (95% CI, 14.9 months to not

Table 2. Overview of Response Rate by Independent Review

Response Rate

Response No. % 95% Cl

- Total No. of patients
DCR (CR, PR, or SD)
SORRACROrPR) e
CR
“PR.
sSD
PR i
Not evaluable

52.31077.3
U 2710184

Abbreviations: CR, complete response; DCR, disease control rate; ORR,
objective response rate; PD, progressive disease; PR, partial response; SD,
stable disease. .

*One patient with exon 19 deletion was excluded from the etficacy
evaluation because of lack of evaluable tumor imaging data after the start
of afatinib treatment.
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Fig 1. Waterfall plot of percent change from baseline in measurable tumor at the
time of best response (by independent review). Data for patients with a decrease
from baseline of 30% or more are shown in gold; data for patients with an
increase from baseline of more than 100% to a decrease from baseline of less
than 30% are shown in blue.

achieved; Fig 2B), with the probability of survival at 12 months esti-
mated to be 73.0%; in addition, 34.4% of patients had an OS event. As
of February 9, 2012, median OS was 18.4 months, and 63.9% of
patients had an OS event.

Subgroup analysis of the efficacy data based on sex (women v
men}, BCOG PS (0v 1), type of prior EGFR TKI (erlotinib v gefitinib),
and the number of previous chemotherapy regimens (one v two)
showed little variation in ORRs and DCRs (Appendix Table A2, online
only). Efficacy data by mutation type were also similar among dele-
tions in exon 19 (del19), L858R, and others (Table 3).

Patients meeting the Jackman criteria for acquired resistance had
a median PFS of 4.4 months, PR of 5.9%, and DCR of 68.6%. Of the
two patients with T790M mutations who underwent rebiopsy at the
time of disease progression with prior EGFR TKI therapy, one patient
harboring an L858R + T790M mutation had durable SD for
9 months, and the other patient with a del19 + T790M mutation had
SD for 1 month. In EGFR mutation-negative patients, the ORR was

27% (three of 11), which was higher than in EGFR mutation—positive
(4.5%; two of 44) or mutation-unknown (0%; zero of six) patients.

Safety and Tolerability

All 62 patients experienced an AE, with diarrhea and skin events
being the most frequently reported (Table 4). Diarrhea occurred in all
62 patients, rash/acne in 57 patients (91.9%), and stomatitis in 53
patients (85.5%). Grade 3 diarrhea occurred in 37.1% of patients, and
rash/acne occurred in 27.4% of patients. Loperamide use was capped
at 8 mg per day for treatment of diarrhea (90.3% of patients received
loperamide), and less than 10% of patients received systemic antibiot-
ics for rash.

All patients received a starting dose of afatinib 50 mg per day,
with 69.4% of patients requiring dose reduction to 40 mg per day, and
35.5% requiring further dose reduction to 30 mg per day. The most
common AE leading to dose reduction was diarrhea, affecting 41.9%
of patients. Treatment-related AEs leading to discontinuation of afa-
tinib were experienced by 18 patients (29.0%) and were due to rash/
acne (n = 7); decreased appetite (n = 3); diarrhea, interstitial lung
disease, and stomatitis in two patients each; and dehydration,
fatigue, nail effects, and pyrexia in one patient each. Four of these
patients (three with rash, one with paronychia) had PD confirmed
by tumor assessments at the same time as afatinib discontinuation
due to AEs. Drug-related serious AEs occurred in 11.3% of pa-
tients, with diarrhea (6.5%) being the most common. Two inter-
stitial lung disease-like AEs (grade 3 and grade 1) were considered
to be related to study drug; in each case, the patient fully recovered
after stopping afatinib. One on-treatment death as a result of
hypoxia occurred after disease progression, which was not consid-
ered by the investigator to be drug related.

There is an increasing need to develop new molecular targeted agents
that address the issue of resistance to erlotinib and/or gefitinib in
patients with NSCLC who initially respond to treatment and then
subsequently progress.'® Previous phase II studies with criteria similar
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Fig 2. Kaplan-Meier plot of (A) progression-free survival by independent review and (B) median overall survival.
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Table 3. Overview of DCR, ORR, and PFS by Mutation Type
EGFR Mutation Type

Exon 19
Deletion L858R Other
Response 95% Cli Percentile No. % 95% Cl Percentile  No. % 95% Cl Percentile
" Total No. of patients: - 217171007 . SRR E00 e L
DCR (CR, PR, or SD) 14 66.7 43.0t085.4 10 6.7 38.4 10 88.2 24510 91.5
< ORRICR or PR} AL AR T0AT0288 i BT 0240319 e 0 0.0
Median PFS, months 1.8 25th 1.9 25th 1.3 25th
4.6 3.6 3.7
5.2 75th 5.3 75th 8.3 75th

survival, PR, partial response; SD, stable disease.

afatinib treatment.

Abbreviations: CR, complete response; DCR, disease control rate; EGFR, epidermal growth factor receptor; ORR, objective response rate; PFS, progression-free

*One patient who had an exon 19 deletion was excluded from the efficacy evaluation because of lack of evaluable tumor imaging data after the start of

to that of the current LUX-Lung 4 trial with prior failure of erlotinib
and/or gefitinib and an enrichment strategy for patients with EGFR
mutations by using XL-647, dasatinib, neratinib, and the combination
of cetuximab plus erlotinib showed low ORR ranging from 0% to
3%.'7*® The results of our trial demonstrated modest but noteworthy
activity of afatinib in this difficult-to-treat population, with a median
PFS of 4.4 months and an ORR of 8.2% (independent review).

As might be expected for a group of patients with NSCLC who

derived significant benefit from prior erlotinib and/or gefitinib ther-
apy, the study population was highly enriched (85%) for patients with
EGFR mutations. This was further reflected in the patient demograph-
ics, with a large percentage of women and never-smokers. The trial
was also highly enriched (82%) for patients meeting the Jackman

Table 4. All AEs for All Grades and NCI-CTCAE Grade 3 in = 10%
of Patients
All Grades Grade 3
Preferred Term No. % No. %
“No:'of patien , | 62
Total with AEs 62 100.0 49 79.0
Diarrhea 62 100.0 23 37.1
Rash/acne 57 91.9 17 27.4
Stomatitis 53 85.5 6 9.7
Nail effect 43 69.4 7 11.3
Decreased appetite . 38 61.3 3 4.8
Fatigue 25 40.3 5 8.1
Nausea 23 37.1 1 1.6
Vomiting 17 27.4 1 1.6
Weight decreased 17 27.4 0 0.0
Epistaxis 16 25.8 0 0.0
Lip effect 16 25.8 0 0.0
Ocular event 15 24.2 1 1.6
Dry skin 14 22.6 0 0.0
Dysgeusia 1 17.7 o] 0.0
Dehydration 9 14.5 5 8.1
Nasal inflammation 8 12.9 0 0.0
Nasopharyngitis 7 11.3 0 0.0
NOTE. For all adverse events (AEs) listed, no grade 4 or grade 5 events
occurred.
Abbreviations: AE, adverse event; NCI-CTCAE, National Cancer Institute—
Common Terminology Criteria for Adverse Events.
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criteria of acquired resistance, and the efficacy findings were similar in
that subpopulation compared with the overall study population, with
similar PFS results for the Jackman group of patients shown in LUX-
Lung 1.%' In the LUX-Lung 1 double-blind, placebo-controlled phase
1B/ study of afatinib plus best supportive care in patients with
NSCLC who had progressed after prior chemotherapy and erlotinib
and/or gefitinib treatment, a median PFS of 4.5 months was reported
in those patients fulfilling the Jackman criteria for acquired resistance,
which is consistent with the median PFS of 4.4 months reported in
this trial >

The estimated median OS of 19 months observed in this trial is of
interest. However, nearly half the patients entering this trial were
symptom-free with an ECOG PS of 0, and 72.6% had an EGFR-
mutant tumor, suggesting the selection of a relatively good prognostic
cohort despite their extensive pretreatment.

The Jackman criteria of acquired resistance to EGFR TKIs were
fulfilled by 82% of the patients in this trial. The efficacy of afatinib in
this subgroup of patients suggests that the clinical effect of afatinib is
not merely due to re-exposure to another EGFR TKI, a phenomenon
that was previously reported.?* Although the literature reports that
approximately 50% of the patients who develop acquired resistance to
EGER TKIs show secondary T790M mutation,” a relatively low inci-
dence of T790M mutations was observed in this study. This may be
due to the fact that tissue sampling was obtained before erlotinib
and/or gefitinib exposure, and very few patients underwent rebiopsy.

The AEs observed in this phase II trial were consistent with the
known safety profile reported for inhibitors of EGER.® All patients
experienced an AE considered to be drug related, with diarrhea, rash/
acne, and stomatitis being the most common AEs. AEs were mostly
managed by dose reduction and/or medical treatment. The rates of
grade 3 diarrhea and rash/acne reported in this trial were similar to
those of the LUX-Lung 2 phase II trial, in which a large proportion of
patients (87%) were Asian.** In LUX-Lung 2 (afatinib 50 mg per day
in first- and second-line patients whose tumors harbored EGFR mu-
tations), diarrhea and rash/acne occurred in 94% of patients, with
grade 3 diarrhea reported in 22% of patients and grade 3 rash/acne in
28% of patients.* The frequency and severity of AEs and treatment
discontinuation due to AEs appears to be higher with afatinib com-
pared with the historical data reported with erlotinib and gefitinib.>7**
However, the early and proactive management of AEs, including dose
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reduction and the use of additional symptomatic therapies, could have
been effective in our study, allowing patients who benefited from
afatinib to continue on treatment as observed in the LUX-Lung 1 trial
(afatinib 50 mgwas the starting dose).*' Proactive supportive manage-
ment also has the potential to maintain quality of life by reducing the
impact of AEs.

On the basis of the modest but noteworthy activity of afatinib
observed in this trial in patients with NSCLC who have acquired
resistance to erlotinib and/or gefitinib, additional studies to improve
on the activity of afatinib in this setting are ongoing. In preclinical
T790M tumor models, combined EGFR targeting with afatinib and
cetuximab induced near CRs that were not seen with either agent
alone or with a cetuximab plus erlotinib combination.”® On the basis
of these early observations, a phase IB trial is currently testing the
combination of afatinib and cetuximab in a patient population similar
to that of LUX-Lung 4. Preliminary results have shown that more than
90% of patients thus far have derived clinical benefit, including ap-
proximately 40% ORR in both T790M-positive and T790M-nega-
tive settings.””*®

To extend the investigation of afatinib in advanced NSCLC,
the ongoing LUX-Lung 3 and LUX-Lung 6 randomized phase III
studies are comparing the efficacy of first-line afatinib mono-
therapy with cisplatin and either pemetrexed or gemcitabine in
white and Asian patients with NSCLC who are harboring EGFR
mutations. Initial results from LUX-Lung 3 demonstrated a signif-
icant improvement in PFS of 11.1 months with afatinib compared
with 6.9 months for chemotherapy.”

In conclusion, this phase II study conducted in Japan in a
study population with NSCLC enriched for EGFR mutations
showed modest but noteworthy efficacy of oral afatinib, an irre-
versible ErbB family blocker, in third- and fourth-line patients
with NSCLC with acquired resistance to erlotinib and/or gefitinib.
Further evaluation of the potential of afatinib in patients with
advanced NSCLC will be addressed by the LUX-Lung phase 111

clinical trial program and the ongoing study of the afatinib plus
cetuximab combination in the resistance setting.
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Appendix

Table A1, Results of EGFR Mutation Testing Performed in Either a Local or Central Laboratory
EGFR Mutation Test

Central Laboratory

Using Tissue and Central Laboratory
Pleural Effusion Using Serum Central or Local
Specimens Samples Local Laboratory* Laboratoryt
Mutation No. % No. % No. % No. %
No. of patients treated: .~ 00 B2 ; e R G VL
No. of patients with EGFR mutation
test results 27 435 45 72.6 37 59.7 56 90.3

14.8 42 93.3 0 0.0 1mn 177

' Negative V 4

Abbreviation: EGFR, epidermal growth factor receptor.
“Information on sample/specimen type unavailable.
tResults using tissue, pleural effusion specimens, or serum samples. If multiple data were available for a patient, positive data and/or more detailed data were

selected.
Fincluded one patient who was excluded from the efficacy analysis because the patient had no evaluable tumor imaging data after the start of afatinib treatment.

Table A2. Summary of DCR and ORR by Sex, ECOG PS, Previous Chemotherapy Regimens, and Type of Prior EGFR TKI

DCR ORR
Variable No. % 95% ClI No. % 95% Cl

Baseline ECOG PS
0n = 29) 20 69.0 49.21084.7 2
1 (n=32) 20 43.71078.9

0.81t022.8
2.01t025.0

e)
Prior use of EGFR TKI
Erlotinib (n = 7) 4 57.1 18.4 10 90.1 1 14.3 0.41057.9
Gefitinib (n = 48) 32 66.7 51.6t0 79.6 4 8.3 2.31020.0
Erlotinib and gefitinib (n = 6) 4 66.7 22.3t0 95.7 Q 0

Abbreviations: DCR, disease control rate; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; ORR, objective response rate; PS,
performance status; TKI, tyrosine kinase inhibitor.
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Phase 2 Study of S-1 and Carboplatin Plus Bevacizumab
Followed by Maintenance S-1 and Bevacizumab for
Chemotherapy-Naive Patients With Advanced Nonsquamous
Non-Small Cell Lung Cancer
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INTRODUCTION

Lung cancer is the leading cause of death related to cancer worldwide, with non—small cell lung cancer (NSCLC) account-
ing 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 improvement in survival and quality of life it affords
compared with best supportive care alone. 4 '

A phase 3 study, the Eastern Cooperative Oncology Group (ECOG) E4599 trial, demonstrated that bevacizumab, a
humanized monoclonal antibody specific for vascular endothelial growth factor,’ given with paclitaxel and carboplatin
resulted in significant improvements in the overall response rate (ORR), progression-free survival (PES), and overaﬂ sur-
vival (OS) compared with paclitaxel and carboplatin alone in individuals with advanced nonsquamous NSCLC.® A Japa-
nese phase 2 study also indicated that bevacizumab in combination with paclitaxel and carboplatin improved the ORR
and PFS compared with paclitaxel and carboplatin alone.” In a confirmatory phase 3 study (the Avastin in Lung [AVAIL]
trial), the addition of bevacizumab to cisplatin and gemcitabine resulted in a significant improvements in the ORR and
PES.% These observations provide a rationale for combining bevacizumab with platinum-doublet chemotherapy in indi-
viduals with advanced nonsquamous NSCLC.
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S-1 (TS-1; Taiho Pharmaceutical Company Lid.,
Tokyo, Japan) is an oral fluoropyrimidine agent that con-
sists of tegafur (a prodrug of 5-fluorouracil), 5-chloro-
2,4-dihydroxypyridine, and potassium oxonate.'” It has
demonstrated activity and acceptable tolerability in phase
2 studies of patients with advanced NSCLC.!" Our previ-
ous phase 3 study demonstrated the noninferiority in
terms of OS as well as a favorable toxicity profile for S-1
and carboplarin compared with standard paclitaxel-carbo-
platin as first-line treatment for patients with advanced
NSCLC."* Thus, our results indicated that the combina-
tion of S-1 and carboplatin is a valid option for the first-
line treatment of such patients.

In addition to the enhanced efficacy of cytotoxic

chemotherapy observed with bevacizumab, preclinical .

studies indicate that the combination of bevacizumab
with 5-fluorouracil derivatives results in increased antitu-
mor activity.'>'* Therefore, we have now performed a
mulricenter phase 2 study to evaluate the efficacy and
safety of S-1 and carboplatin in combination with bevaci-
zumab followed by maintenance therapy with S-1 and
bevacizumab alone in chemotherapy-naive patients with
advanced nonsquamous NSCLC.

MATERIALS AND METHODS
Eligibility
Eligible patients were required be aged >20 years and to
have histologically or cytologically confirmed stage I1IB
or [V nonsquamous NSCLC (diagnosed according to the
seventh edition of the International Union Against Can-
cer cancer staging manual) or recurrence of this condition
after surgery. The patients also were required to have
. measurable disease as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST) (version 1.1);
adequate hematologic, hepatic, and renal function; an
ECOG performance status of 0 or 1; and no tumor inva-
sion into the trachea, main bronchi, or major vessels.
Exclusion criteria included hemoptysis (>2.5 mL of red
blood per episode), radiologic evidence of tumor invasion
or tumor abutting of major blood vessels, evidence of a
brain metastasis >1 cm, current or recent use of full-dose
anticoagulants, medically uncontrolled hypertension or a
- history of thrombotic or hemorrhagic disorders, intersti-
tial pneumonia recognized on a chest x-ray, supporting
radiation therapy occupying the pulmonary region in the
3 months before enrollment, and major surgery within
28 days before enrollment. The study was performed
according to good clinical practices and ethical principles
outlined in the Declaration of Helsinki. The study proto-
col was approved by the institutional review board at each
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participating center, and all patients signed written
informed consent forms before enrollment. The trial has
been registered under University Medical Hospital Infor-
mation Network (UMIN) Clinical Trials Registry Identi-
fier UMIN 000003698.

Study Design and Treatment
The study was designed as a prospective, multicenter,
single-arm phase 2 trial of first-line combination therapy
with S-1, carboplatin, and bevacizumab followed by
continuous maintenance therapy with S-1 and bevacizu-
mab. The primary endpoint was treatment efficacy
measured as the ORR in patients who received at least 1
course of the initial combination therapy. OS, PES, the
disease control ratio, and adverse events also were eval-
uated as secondary endpoints.

Patients received S-1 orally at a dose of 80 mg/m?
per day on days 1 through 14 as well as carboplatin at a
dose calculated to produce an area under the concentra-
tion-time curve of 5 mg mL™! per minute and bevacizu-
mab at a dose of 15 mg/kg as an intravenous infusion on
day 1. The combination therapy was repeated every 21
days for up to 4 to 6 cycles unless there was evidence of
disease progression or intolerance of the study treatment.
After 4 to 6 cycles of treatment with S-1, carboplatin,
and bevacizumab, patients who attained a complete
response (CR), a partial response (PR), or stable disease
(SD) continued to receive cycles of maintenance therapy
with S-1 and bevacizumab every 21 days until they had
evidence of disease progression or developed unaccept-
able toxicity. Administration of S-1 during the mainte-
nance phase was interrupted if patients developed grade
4 neutropenia, a platelet count <50,000/pL, a serum
creatinine concentration >1.5 mg/dL, a serum total bili-
rubin concentration >2.0 mg/dL, a purative infection
with fever of at least 38°C, or severe diarrhea or stomati-
tis (grade 2 or higher). Treatment with S-1 and bevacizu-
mab was resumed if the neutrophil count was >1500/
UL, the platelet count was >100,000/uL, the serum total
bilirubin concentration was <1.5 mg/dL, there was no
infection with fever of at least 38°C, and diarrhea or sto-
matitis was grade 1 or lower. .

Subsequent cycles of treatment were withheld until
the following criteria were satisfied: neutrophil count,
>1500/puL; platelet count, >100,000/uL; performance
status, 0 to 2; serum total bilirubin concentration,
<1.5 mg/dL; weight loss, grade 2 or lower abnormal
electrolytes, peripheral nerve damage, and hepatotoxicity
(based on aspartate aminotransferase, alanine amino-
transferase, and total bilirubin levels); grade 3 or lower
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hypertension; grade 2 or lower proteinuria; grade 0
hemoptysis or bleeding; and no infection with fever of
at least 38°C. The study therapy was stopped if grade 2
or higher hemoptysis developed or if bleeding persisted
after treatment of hemorrhage. Patients also were to be
removed from the study if the next treatment cycle had
not started within 42 days of the previous dosing as a
result of toxicity.

Baseline and Treatment Assessments

Baseline evaluations included medical history, physical ex-
amination, electrocardiogram, ECOG performance sta-
tus, and laboratory analyses. Computed tomography
(CT) scans of the chest and abdomen, magnetic resonance
imaging (MRI) studies of the brain, and bone scintigra-
phy or positron emission tomography (PET)-CT studies
were performed for tumor assessment within 28 days of
initiation of the study treatment. CT scans of the chest
and abdomen were repeated every 2 cycles, brain MRI
studies were repeated every 3 months or on the appear-
ance of any neurologic symptoms, and bone scintigraphy
or PET-CT studies were performed every 6 months or on
the appearance of any bone-related symptoms. All treat-
ment responses were defined according to RECIST ver-
sion 1.1. If a patient had a documented a CR or a PR,
then the respective response had to be confirmed 4 weeks
later. A patient was considered to have SD if their
response was confirmed and sustained for at least 6 weeks.
PES was calculated from the date of enrollment to the
date of confirmation of progressive disease or the date of
death from any cause. PFS from the start of maintenance
therapy was calculated by subtracting the period of the
initial combination therapy from overall PES. OS was cal-
culated from the date of initial treatment to the date of
death from any cause. For patients with unknown death
status, OS was censored at the last date the patient was
known to be alive. Patients were assessed for toxicity
according version 4.0 of the National Cancer Institute
Common Toxicity Criteria.

Statistical Analysis

We assumed that an ORR of 50% for the study regimen
in eligible patients would indicate potential usefulness,
whereas an ORR of 30% would be the lower limit of in-
terest. On the basis of these assumptions, our study was
designed to have a power of 80% and a 1-sided level of
type I error of 0.05, resulting in a requirement for 45
patients. A Simon 2-stage design {MiniMax) was adopted.
Nineteen patients were to be initally assessed for
response, and if more than 6 patients manifested a PR ora
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CR, then 26 additional patients would be added to the
assessment. Efficacy and safety analyses were planned for
patients who received at least 1 cycle of the treatment.
PES and OS were analyzed using the Kaplan-Meier
method to estimate the median points with 95% confi-
dence intervals (Cls).

RESULTS

Patient Characteristics

Berween April 2010 and October 2011, a total of 48
patients with recurrent or newly diagnosed, advanced
nonsquamous NSCLC were enrolled at 3 participating
centers. The baseline characteristics of all assigned patients
are provided in Table 1. The median age for the treated
patients was 65.5 years (range, 35-77 years), 33 patients
(68.8%) were men, 42 patients (87.5%) had adenocarci-
noma histology, 40 patients (83.3%) had stage IV disease,
and 16 patients (33.3%) were never-smokers. Epidermal
growth factor receptor mutation status was evaluated in
42 patients (87.5%), and 4 individuals had activating
mutations identified.

Treatment Delivery v

Patient disposition is illustrated in Figure 1. Overall, 35
patients (72.9%) completed art least 4 cycles of S-1 and
carboplatin combined with bevacizumab, and 29 patients
(60.4%) were shifted to subsequent maintenance therapy
with S-1 and bevacizumab and received a median of 4
cycles (range, 1-18 cycles). In the initial combination
phase, 13 of 48 patents (27.1%) experienced dose

TABLE 1. Baseline Characteristics of the Study
Patients, n=48

Characteristic No. of Patients (%).
Age: Median [range], y 65.5 [35-77]
Sex

Men 33 (68.8)

Women 15 (31.3)
ECOG PS

0 15 (31.3)

1 33 (68.8)
Disease stage

112} 3(6.3)

\% 40 (83.3)

Recurrence 5 (10.4)
Histology

Adenocarcinoma 42 (87.5)

Large cell carcinoma 1 (2.1)

Others 5 (10.4)
Smoking status

Never-smoker 16 (33.3)

Former or current smoker 32 (66.7)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perform-
ance status.
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Patients enrolled {n=48)

Received initial treatment (n=48)

Discontinued initial treatment
Disease progression (n=7)

Toxicity (n=5)
Patient choice (n=1)

Treated in maintenance phase
(n=29)

Did not enter maintenance phase
Disease progression  (n=5)
Toxicity (n=1)

Still on Discontinued maintenance therapy
maintenance therapy Disease progression  (n=20)
{n=2) Toxicity {n=5)
Patient choice (n=1)
Other (n=1)

Figure 1. This is a Consolidated Standards of Reporting Trials (CONSORT) diagram for the current study.

TABLE 2. Treatment Outcomes for the Study
Patients,, n =48

Qutcome No. of Patients (%)
Complete response 0(0)

Pattial response 26 {54.2)
Stable disease 11 (22.9)
Progressive disease 11 (22.9)

54.2 [39.2-68.6)
77.1 [67.2-88]

Overall response rate [95% Cl}, %
Disease control rate [95% Cl], %

Abbreviations: Cl, confidence interval.

reductions, and 34 patients (70.8%) experienced a treat-
ment delay because of adverse events, mostly related to
myelosuppression. Among the 29 patients who received
maintenance therapy with S-1 and bevacizumab, 2 indi-
viduals (6.9%) underwent a dose reduction, and 20 indi-
viduals (69%) had a treatment delay.

Efficacy

Forty-eight patients were deemed eligible for evaluation
of treatment response. Twenty-six patients attained a PR,
and no patients attained a CR, yiclding an ORR of 54.2%
(95% CI, 39.2%-68.6%) (Table 2). Eleven patients
(22.9%) had SD, yielding a disease control ratio
(CR+PR+SD) of 77.1% (95% CI, 67.2%-88%).
Eleven patients (22.9%) had progtessive disease as their
best response. At a median follow-up of 13.9 months
(range, 2.0-27.5 months), the median PFS was 6.8
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Median PFS: 6.8 months

1.04 _L"\

0.8 1

(95% Cl, 4.3-8.2)

0.6 1

0.4 4

0.2 1

Progression-free survival rate

0 3 6 9 12 15 18 21 24 27
Time (months)

Figure 2. This Kaplan-Meier curve illustrates progression-free
survival (PFS). Cl indicates confidence interval.

months (95% CI, 4.3-8.2 months) (Fig. 2), and the me-
dian OS was 22.8 months (lower limit of 95% CI, 13.1
months). Thirty-seven patients (77.1%) received subse-
quent chemotherapy regimens as poststudy treatment.

Safety Analysis

All 48 patients who received the study treatment were
deemed eligible for safety analysis. The major adverse
events for each treatment phase (initial and maintenance
phases) are listed in Table 3. During treatment with the
combination of S-1, carboplatin, and bevacizumab, grade
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TABLE 3. Incidence of Adverse Events in the Study Patients

No. of Patients (%)

Initial Treatment Phase, n =48

Maintenance Phase, n =29

Adverse Event All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4

Hematologic AEs
Leukopenia 43 (89.6) 4 (8.3) 0 (0) 17 (58.6) 0 (0) 0 (0)
Neutropenia 44 (91.7) 12 (25) 3 (6.3) 16 (565.2) 4 (13.8) 0 ()
Anemia 37 (77.1) 2 (4.2) 3 (6.3) 25 (86.2) 1 (3.4) 0 ()
Thrombocytopenia 43 (89.6) 5 (10.4) 3 (6.3) 11 (37.9) 0 (0) 0 (0)

Nonhematologic AEs
Fatigue 36 (75) 1(2.1) 0(0) 14 (48.3) 0 (0) 0 (0)
Appetite loss 31 (64.6) 3 (6.3) 0(0) 12 (41.4) 0 (0) 0 (0)
Proteinuria 25 (62.1) 0 (0) 0(0) 9 (31) 2 (6.9) 0(0)
Nausea 21 (43.8) 0 (0) 0 (0) 9 (@1) 0 (0) 0(0)
Mucositis 17 (35.4) 0(0) 0 (0) 9 (31) 1(3.4) 0 (0)
Hypertension 14 (29.2) 4 (8.3 0 (0) 5(17.2) 0 (0) 0 (0)
Diarthea 11 (22.9) 3(6.3 0(0) 4(13.8) 1 (3.4) 0(0)
Hemoptysis 6 {12.5) 0 () 0 (0) 1(3.4) 0(0) 0 (0)
Intestinal perforation 2 (4.2) 0 {0) 1(1.1) 1(3.4) 0 (0) 0 (0)
Interstitial pneumonia 0 0 (0) 0 (0) 00 0 (0) 0 {0)

Abbreviations: AEs, adverse events.

3 and higher hemarologic toxicities included neutropenia
(31.3%), thrombocytopenia (16.7%), anemia (10.5%),
and leukopenia (8.3%). Among the 29 patients who con-
tnued with S-1 plus bevacizumab during the. mainte-
nance phase, 4 patients (13.8%) had grade 3 neutropenia,
and 1 patient (3.4%) had grade 3 anemia during the pe-
riod. Most nonhematologic adverse events were of mild to
moderate intensity (grade 1 or 2); those that were grade 3
or higher during the initial phase of the study treatment
included hypertension (8.3%), appetite loss (6.3%), diar-
thea (6.3%), fatigue (2.1%), and intestinal perforation
(2.1%); whereas those during the maintenance phase
included proteinuria (6.9%), mucositis (3.4%), and diar-
thea (3.4%). There were no clinically relevant bleeding
events during either treatment phase for any patient, and
there were no treatment-related deaths.

DISCUSSION

This multicenter phase 2 study is the first to evaluate the
efficacy and safety of a new regimen, S-1 and carboplatin
combined with bevacizumab followed by maintenance S-
1 and bevacizumab, for first-line treatment of patients
with advanced nonsquamous NSCLC. We observed that
the combination was active, with an ORR of 54.2% (95%
Cl, 39.2%-68.6%), which met the primary objective of
the study. At a median follow-up of 13.9 months, the me-
dian PFS was 6.8 months, and the median OS was 22.8
months. Our previous phase 3 study demonstrated that
the combination of S-1 and carboplatin was not inferior
relative to a standard paclitaxel-carboplatin regimen in
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terms of OS for chemotherapy-naive patients with
advanced NSCLC."? The ORR for S-1 and carboplatin,
however, was significantly lower than that for paclitaxel-
carboplatin (20.4% vs 29%; P = .019). This difference in
ORR also was apparent for patients who had nonsqua-
mous NSCLC (18.8% vs 27.6%; P=.027)."> It is
believed that bevacizumab is targets the tumor vascula-
ture, reducing interstitial pressure and increasing vessel
permeability, thereby resulting in enhanced tumor sensi-
tivity to cytotoxic chemotherapy.'®'7 Although there are
limitations to comparisons of results among different
studies, the ORR (54.2%) obtained in the current trial is
indicative of increased antitumor activity of S-1 and car-
boplatin with the addition of bevacizumab.

Our trial also indicates a favorable toxicity profile
for the study treatment. All toxicities were manageable
with symptomatic treatment and dose reduction or inter-
ruption. In our previous phase 3 study, the combination
of S-1 and carboplatin was associated with significantly
lower rates of neutropenia, leukopenia, and febrile neutro-
penia compared with paclitaxel and carboplatin.'* Con-
sistent with these results, most patients enrolled in the
current study had only mild hemarologic toxicities, and
no cases of febrile neutropenia occurred. Thus, no obvious
exacerbation of chemotherapy-induced myelosuppression
by the addition of bevacizumab to S-1 and carboplatin
was apparent. There also was no increase in the relative
incidence of hematologic toxicities associated with main-
tenance therapy with S-1 and bevacizumab. With regard
to nonhematologic toxicities, there were no grade 3 or 4
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toxicities encountered in >10% of patients throughout
the study treatment. Mild or moderate fatigue and gastro-
intestinal adverse effects were the most frequent nonhe-
matologic toxicities, consistent with findings from
previous studies with combined S-1 and carboplatin.'*
Hypertension and proteinuria have been associated with
bevacizumab administration®®
the current study. Two patients experienced grade 3 pro-
teinuria in the maintenance period; however, both cases

and also were observed in

were fully reversible without dose reduction or cessation
of treatment. Because clinically significant (grade >3)
hemoptysis was observed in 0.9% to 1.9% of patients
who received bevacizumab in the ECOG E4599 and
AVAL trials,®® the lack of fatal bleeding events and treat-
ment-related deaths in the current study also is notewor-
thy. Padients with brain metastases have been excluded
from most clinical trials of bevacizumab for fear of intra-

3

cranial hemorrhage.>® However, recent data suggest that
the risk of developing intracranial hemorrhage is inde-
pendent of bevacizumab therapy in patients with NSCLC
who have brain metastases.'® Conversely, another study
suggested that intracranial hemorrhage is more likely to
become clinically symptomatic in larger (>2Z cm) brain
metastases.'> On the basis of these data, patents with
brain metastases that measured <1 cm were eligible for
the current study. Indeed, 2 patients who had asymptom-
atic, small (<1 cm) brain metastases were enrolled in the
study, but no intracranial hemorrhage was observed.
Bevacizumab is used in the maintenance setting for
patients with advanced nonsquamous NSCLC on the ba-
sis of the results from the ECOG E4599 and AVAIL trials,
in which bevacizumab monotherapy after induction ther-
apy with bevacizumab plus platinum doublets was-admin-
istered until patients developed disease progression.®®
More recently, a large phase 3 wial (PARAMOUNT)
demonstrated that maintenance therapy with pemetrexed
~ after induction therapy with pemetrexed and cisplatin
resulted in a significant improvement in PFS and OS.*°
Furthermore, an ongoing ECOG phase 3 trial is compar-
ing bevacizumab alone, pemetrexed alone, and the peme-
trexed-bevacizumab for
therapy after initial therapy with paclitaxel, carboplatin,
and bevacizumab (National Clinical Trials identifier
NCT01107626). Thus, extensive efforts are under way to
examine the effects of the combination of bevacizumab
and chemotherapy during the maintenance phase of treat-
ment for advanced nonsquamous NSCLC. On the basis
of the low level of toxicity accumulation for S-1,%' we
explored the efficacy and feasibility of continued mainte-
nance therapy with S-1 and bevacizumab in the current

combination maintenance
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study. The favorable tolerability profile of maintenance
with S-1 and bevacizumab after induction therapy with S-
1, carboplatin, and bevacizumab is reflected in out obser-
vation that 60% of patients were able to continue on S-1
and bevacizumab for a median of 4 cycles (range, 1-18
cycles). Among the 29 patients who received maintenance
therapy with S-1 and bevacizumab, the median PES of 8.2
months (95% CI, 7.4-9.6 months) from the beginning of
induction treatment is encouraging and compares favor-
ably with that of 6.9 months reported in the PARA-
MOUNT study for maintenance with pemetrexed
monotherapy. Despite the limitations to comparisons of
results from different studies, these data may stimulate
further interest in the clinically relevant efficacy of main-
tenance therapy with S-1 and bevacizumab.

In conclusion, here, we have presented results from
the first phase 2 study of combined S-1, carboplatin, and
bevacizumab followed by maintenance therapy with S-1
and bevacizumab. Although our study was not random-
ized, the promising efficacy and favorable toxicity profile
of the study treatment justify further development of regi-
mens that contain S-1 and bevacizumab. A large random-
ized phase 3 trial comparing single-agent S-1 with
docetaxel in previously treated patients with advanced
NSCLC in Asian countries is currently under way (JPRN-
JapicCTI-101155). We believe that further randomized
trials are warranted comparing S-1, carboplatin, and beva-
cizumab with the current standard of care (paclitaxel, car-
boplatin, and bevacizumab) in previously untreated
patients with advanced nonsquamous NSCLC.
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ARTICLE INFO ABSTRACT

Article history: Purpose: In a large multicenter international phase III study (CA031) of nab-paclitaxel (nab-P, 130nm

Received 15 January 2013 albumin-bound paclitaxel particles)+ carboplatin (C) vs solvent-based paclitaxel (sb-P) +C, conducted in

Accepted 24 February 2013 6 countries including Japan, nab-PC produced significantly higher overall response rate (ORR), primary
end point compared with sb-PC, and acceptable safety profile. The aim of this analysis was to evaluate

Keywords:™ the efficacy and tolerability of nab-PC vs sb-PC in Japanese patients with advanced non-small-cell lung

ABI-007 cancer (NSCLC) who were enrolled in the CAQ031 study.

'2::;;‘3?:&“ Patients and methods: In the CAD31 study, a total of 1052 patients were randomized to receive either

Japanfse nab-P 100 mg/m? weekly or sb-P 200 mg/m? every 3 weeks both in combination with C at area under the

concentration-time curve (AUC)=6 on day 1 of each 3-week cycle. This analysis inciuded 149 Japanese

patients with previously untreated stage 11IB or IV NSCLC.

Results: The baseline and histologic characteristics of patients were well balanced between the two arms.

ORR was higher with nab-PC vs sb-PC (35% vs 27%; response rate ratio=1.318). Progression-free survival

(median 6.9 vs 5.6 months; hazard ratio [HR] = 0.845) and overall survival (median 16.7 vs 15.9 months;
- HR=0.930) were better with nab-PC vs sb-PC. Of the grade >3 treatment-related adverse events, anemia

and thrombocytopenia were more common in nab-PC arm, but sensory neuropathy was less common.

Conclusion: The nab-PC treatment yielded promising results regarding the efficacy endpoint, and it was

generally well tolerated as first-line therapy for Japanese patients with advanced NSCLC,

© 2013 Elsevier Ireland Ltd. All rights reserved.

Nab-paclitaxel
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Squamous cell carcinoma (SCC)
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1. Introduction

Non-small cell lung cancer (NSCLC) has a relatively poor prog-
nosis despite continuous development of new therapeutic agents
including molecular targeting agents. The choice of therapeutic
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agents varies widely, and in the recent strategy for the treatment
of advanced NSCLC solvent-based paclitaxel (sb-P) plus carboplatin
(C) remains an important treatment option [1,2], especially for
patients with squamous cell carcinoma (SCC), in which benefi-
cial treatment is limited {3-6]. However, due to the Cremophor EL
excipient in sb-P, sb-P has been associated with the risk of devel-
oping severe toxicities including hypersensitivity reactions, which
has been an important motivating factor in developing new formu-
lations of paclitaxel [7-9]. .
Albumin-bound paclitaxel (nab-P) is a formulation of pacli-
taxel complexed with 130 nm albumin that is readily soluble in
saline. The Cremophor EL-free medium enables administration of
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nab-P in a shorter duration without the need for corticosteroid and
anti-histamine premedication to prevent solvent-related hyper-
sensitivity reactions.

A large multicenter international randomized phase Il study
(CAD31) was conducted to compare the efficacy and safety of a
weekly schedule of nab-P vs an every 3-week schedule of sb-P each
in combination with C in patients with previously untreated stage
IIIB or IV NSCLC [10]. This registration study for NSCLC was con-
ducted in Australia, Canada, Japan, Russia, Ukraine, and the United
States, and met its primary end point demonstrating a statisti-
cally significantly higher overall response rate (ORR), regardless
of histology, for patients in the nab-PC arm compared to those in
the sb-PC arm (33% vs 25%; response rate ratio=1.313; p=0.005),
with acceptable safety profile. In addition, non-significant trends
toward longer progression-free survival (PFS) (median 6.3 vs 5.8
months; hazard ratio [HR}=0.902; p=0.214) and overall sur-
vival (0S) (median 12.1 vs 11.2 months; HR=0.922; p=0.271)
favoring nab-PC were observed. Based on the results of sub-
group analyses of CA031, Socinski et al. reported that regional
differences in characteristics might have played a role in the
differences in survival outcomes. Furthermore, recent studies of
inhibitors of epidermal growth factor receptor (EGFR) under-
lined benefits of investigating the presence of mutation in EGFR
gene partly based on the differences of patient survival between
Asian and Caucasian populations due to interethnic differences in
the EGFR-mutant rate [11-16]. These results suggest the impor-
tance of the potential regional differences in the treatment of
NSCLC.

We therefore performed a subgroup analysis of the Japanese
patients who were enrolled in the CA031 study to evaluate the effi-
cacy and toxicity profile of nab-PC vs sb-PC as first-line treatment of
advanced NSCLC. Today the selection of chemotherapeutic strategy
is greatly affected by histologic type. Exploratory subgroup analy-
ses were also performed to reveal the potential clinical benefit of
nab-PC, including efficacy outcomes, by histology.
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2. Patients and methods
2.1. Patients

In the CA031 study comparing the nab-PC vs sb-PC, a total
of 1052 patients, including 149 Japanese patients with 74 in the
nab-PC arm and 75 in the sb-PC arm, with cytologically or histo-
logically confirmed measurable previously untreated stage HIB or
IV NSCLC were enrolled (Fig. 1). Patients could have a prior adju-
vant chemotherapy if >12 months had passed from the completion
of the therapy. Patients were also required to satisfy the follow-
ing criteria: Eastern Cooperative Oncology Group performance
status (ECOG PS) of 1 or less, an estimated life expectancy exceed-
ing 12 weeks. Patients were excluded if they had symptomatic
brain metastasis or current active malignancy other than NSCLC,
pre-existing peripheral neuropathy grade 2 or more according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) version 3.0. The study was approved
by the institutional review board of each participating center and
was conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines of the International Conference
on Harmonization. Written informed consent was obtained from
all patients.

2.2. Treatment schedule

Patients were randomly assigned to either the nab-PC
or the sb-PC arm. Randomization was stratified by dis-
ease stage (IlIB/1V), age (<70/=70), gender, histology (squa-
mous/adenocarcinoma/others) and geographic region (North
America/Russia and Ukraine/Japan/Australia). Patients received a
21-day cycle of nab-PC or sh-PC treatment. Nab-P 100 mg/m? was
given weekly (on days 1, 8, and 15) via a 30 min infusion, fol-
lowed by C (AUC=6) given on day 1, whereas sb-P 200 mg/m? was
given every 3 weeks via a 3-h infusion, followed by C (AUC=6)
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Fig. 1. CONSORT flow chart of the study.
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