Supplementary Table $2.3. EGFR mutation-positive patients: Histology by country

Number of
Country Category EGFR oo %
mutation positive Lower Upbper
tested samples PP
Total Adenocarcinoma 7698 3578 46.5 454 47.6
Other
morphological 1686 224 13.3 11.7 15
subtypes
Squgmous cell 902 69 96
carcinoma
China Adenocarcinoma 1917 49.8
Other
morphological 752 17.6
subtypes
Sqguamous cell
carcinoma 368 136
Hong Kong  Adenocarcinoma 292 50.7 45 56.4
Other
morphological 12 58.3 32 80.7
subtypes
Squamous cell 143 26 51.3
carcinoma
Indonesia Adenocarcinoma 27.6 18.8 38.6
Other
morphological 8 32 17.2 51.6
subtypes
Squamous cell
carcinoma 4 1 25 46 69.9
Japan 1128 443 39.3 36.5 42.2
Other
morphological 412 23 5.6 3.7 8.2
subtypes "
Squamous cell
carcinoma 269 8 3 1.5 5.8
Korea Adenocarcinoma 1414 608 43 40.4 45.6
Other
morphological 343 38 11.1 8.2 14.8
subtypes
Squamous cell
carcinoma 209 12 5.7 3.3 9.8
Malaysia Adenocarcinoma 352 161 45.7 40.6 51
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Other

morphological 0 0
subtypes
Squamous cell 0 0
carcinoma

Philippines  Adenocarcinoma 65 27 41.5 30.4 53.7
Other
morphological 5 0 0 0 43.4
subtypes
Squgmous cell 3 0 0 0 56.1
carcinoma

Singapore Adenocarcinoma 528 240 455 413 49.7
Other
morphological 1 1 100 207 100
subtypes : £ =
Squamous cell 1 1 100 207 100
carcinoma T

Taiwan Adenocarcinoma 1444 y : 803 55.6 53 58.2
Other i
morphological 125 33 26.4 19.5 34.7
subtypes f
Squamous cell 317 226 114 398
carcinoma : , :

Thailand Adenocarcinoma ’ '432 ~ 198 45.8 41.2 50.5
Other ,
morphological i 11 2 18.2 5.1 47.7
subtypes
Squamous cell 4 2 20 57 51
carcinoma

Vietnam Adenocarcinoma.. .- 50 18 36 241 49.9
Othert = 7
morphological 0 0
subtypes
Squamous cell 0 0

carcinoma

*: Wilson score confidence interval.

This table is based on sites providing both "Number of samples EGFR mutation tested" and "EGFR
mutation positive samples" for each category.

"Adenocarcinoma" includes adenocarcinoma and other characteristics in adenocarcinoma category.

"Other morphological subtypes" includes adenosquamous and histologies with other non-
adenosquamous characteristics.

"Squamous cell carcinoma" is a subset of "other morphological subtypes".
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Blank indicates no data are available for this table, hence the proportion is not calculable.

Any discrepancy between "Number of samples EGFR mutation tested” in Table S2.3 and "EGFR
mutation positive samples” in Table S1.3 is due to difference in subsets of sites used for constructing

these tables.
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See accompanying article on page 1874

Purpose

To investigate the efficacy of erlotinib versus docetaxel in previously treated patients with advanced
non-smalk-cell fung cancer (NSCLC) in an epidermal growth factor receptor {EGFR) —unselected
patient population.

Patients and Methods
The primary end point was progression-free survival (PFS) Secondary end points included overall

survival (OS), response rate, safety, and analyses on EGFR wild-type tumors. Patients with stage
liIB or IV NSCLC, previous treatment with one or two chemotherapy regimens; evaluable or
easurable disease, and performance status of 0 to 2 were eligible.

Results
From August 2009 to July 2012, 150 and 151 patients were randomly assigned to erlotinib {150 mg

daily) and docetaxel {80 mg/m? every 3 weeks), respectively, EGFR wild-type NSCLC was present
in 109 and 90 patients in the erlotinib and docetaxel groups, respectively. Median PFS for erotinity
versus docetaxel was 2.0 v3.2 months (hazard ratio [HR], 1.22; 95% Cl, 0.97 to 1.85; P = .09}, and
median OS was 14.8 v 12.2 months (HR, 0.91; 95% Cl, 0.68 to 1.22; P = .53), respectively. In a
subset analysis of EGFR wild-type tumors, PFS for erlotinib versus docetaxel was 1.3 v2.9 months
{HR, 1.45; 85% CI, 1.09 to 1.94; P = .01), and OS was 9.0 v 10.1 months (HR, 0.98; 85% Cl, 0.69
to 1.39; P = .91), respectively.

Conclusion
Erlotinib failed to show an xmprovement in PFS or OS compared with docetaxel in an EGFR-

unselected patient population.

J Clin Oncol 32:1802-1808. ® 2014 by American Society of Clinical Oncology

ously treated advanced NSCLC,>* in whom the me-
dian progression-free survival (PFS) in response to

Lung cancer is the leading cause of cancer-related ~ docetaxel was 2.0 to 2.5 montbs.

deaths worldwide. Non-small-cell lung cancer
(NSCLC) comprises more than 80% of all Jung tu-
mors. Approximately two thirds of NSCLCs are di~
agnosed at advanced stages. The standard first-line
treatmentforNSCLC,platinum-basedddubletchem-
otherapy, has a response rate of approximately 30%,
and the response usually lasts only 4 to 5 months.’
Second- and third-line chemotherapy has been used
to further improve survival, A standard regimen of
docetaxel hasbeen established based on results from
randomized phase Il studies of patients with previ-

1302 © 2014 by American Society of Clinicat Oncology e

Epidermal growth factor receptor (EGER) ty-
rosine kinase inhibitors (TKIs) are active against
previously treated NSCLC. Erlotinib, an EGFR-TKI,
showed a significant survival benefit in a placebo-
controlled phase IIT trial (BR21), with a median PFS
of 2.2 months and hazard ratio (HR) of 0.61.* The
noninferiority of gefitinib, another EGFR-TK, to
docetaxel in patients with previously treated NSCLC
was shown in terms of survival in a global phase I1I
study (Iressa NSCLC Trial Evaluating Response and
Survival Versus Taxotere [INTEREST], n = 1,433)*
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but not in a smaller phase III study in Japan (V15-32, n = 489).° A
global phase IV study of erlotinib (Tarceva Lung Cancer Survival
Treatment [TRUST], n = 6,580) showed a PES of 3.3 months’ and a
much longer PES (5.6 months) in an Asian subset.® Although both
erlotinib and docetaxel are considered standard therapies for previ-
ously treated NSCLC, given the favorable survival in erlotinib-treated
Asian patients, erlotinib might produce longer PFS than docetaxel
in Asian patients with previously treated NSCLC in an EGFR-
unselected population.

The Docetaxel and Erlotinib Lung Cancer Trial (DELTA) is a
multicenter; open-label, phase HI study from Japan. Because gefitinib
failed to show noninferiority to docetaxel in the V15-32 trial, we

investigated the efficacy and tolerability of erlotinib versus do-

cetaxel as second- or third-line treatment for EGFR-unselected
patients with NSCLC.

When this study was initiated, EGFR-TKIs were usually used
without testing for EGFR mutational status in clinical practice. Then,
the pivotal Iressa Pan-Asia Study (IPASS) study showed that gefitinib
was superior to carboplatin and paclitaxel in terms of PES in patients
with EGFR mutant tumors (HR, 0.48; 95% CI, 0.36 to 0.64), whereas
the opposite results were observed in patients with EGFR wild-type
tumors (HR, 2.85; 95% CI, 2.05 to 3.98) in the first-line setting.® Given
the advancement of molecular knowledge, we preplanned an analysis
to examine the treatment effect in EGFR wild-type and EGFR mu-
tant disease.

Patients

This multicenter, open-label, randomized phase Il study was sponsored
by the National Hospital Organization, an independent administrative agency
in Japan. Patients age 20 years or older were eligible if they met the following
criteria: pathologically or histologically proven NSCLC with stage IIIB or IV
disease (International Union Against Cancer, version 6); previous treatment
with one or two chemotherapy regimens, including at least one platinum
agent; evaluable or measurable disease by computed tomography (CT) or
magnetic resonance imaging; and Eastern Cooperative Oncology Group per-
formance status (PS) of 0 to 2. The main exclusion criteria were previous
exposure to EGFR-TKI or docetaxel, symptomatic brain metastasis, and a

second active cancer. Patients were also excluded from the study if they had
interstitial pneumonia or pulmonary fibrosis detected by chest CT. All en-
rolled patients provided written informed consent before entering the study.
The protocol was approved by the institutional review boards and ethics
cornmittees of the National Hospital Organization.

Treatment

Erlotinib (150 mg per day) was administered orally. Docetaxel was ad-
ministered every 3 weeks as a 1-hour intravenous infusion of 60 mg/m? (ie, the
approved dose in Japan). Adverse events were monitored and graded accord-
ing to the Common Terminology Criteria for Adverse Events (version 3.0).
Patients receiyed the study treatment until disease progression or intolerable
toxicities. Poststudy treatment was given at the discretion of the physician and
patient, and cross-over treatment was allowed in this trial.

Assessments

Tumors assessments were performed via CT, spiral CT, or magnetic
resonance imaging, and the same methods of measurement were used
throughout the study for-each patient. PFS was defined as the time from
random assignment to the earliest occurrence of disease progression or death
from any cause; patients who had not experienced progression or died at data
cutoff were censored at the last tumor assessment. Overall survival (OS) was
assessed from the date of random assignment to the date of death as the result
ofany cause, or data were censored at the Jast date the patient was confirmed to
be alive. Tumor response according to RECIST was assessed at baseline, every
month for the first 4 months, and every 2 months thereafter. Investigator
assessment of best overall tumor response was used for the analysis. Routine
laboratory assessments were performed at baseline, every week for the first
month, and every 2 to 4 weeks thereafter. EGFR mutations were examined in
exons 18 to 21 by a highly sensitive polymerase chain reaction (PCR) —based
method (ie, the PCR-invader method, peptide nucleic acid-locked nucleic
acid PCR clamp method, or cycleave method). These assays were performed in
commercial laboratories to which each institute sent the diagnostic tu-
mor samples.’®

Statistical Analysis

Eligible patients were randomly assigned 1:1 to erlotinib or docetaxel by
the minimization method according to sex, performance status, histology, and
institution. Efficacy analyses were completed for the intent-to-treat popula-
tion. Safety analyses were performed for the population who received at least
one dcse of the trial medication after random assignment. The primary end
point was PFS. Secondary end points-were OS, response, safety, and analyses
on EGFR wild-type and mutant tumors. Median PFS was assumed to be 3.5
months and 2.5 months in patients receiving erlotinib and docetaxel, respec-
tively, based on data from previous clinical trials.>”® The present study was

Fig 1. CONSORT diagram.
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designed to assess the efficacy of erlotinib versus docetaxel in EGFR-unselected
patients and to have 80% power to detect a 1-month difference at a two-sided
significancelevel of P = .05. A sample size of 300 patients was planned based on
these assumptions. Final analysis was planned after 278 events. Survival curves
were calculated using the Kaplan-Meier method, and a log-rank test was used
to compare treatment groups. The 95% CI of the median survival time was
calculated by the method of Brookmeyer and Crowly.!! Estimates of the
treatment effect were expressed as HRs and two-sided 95% Cls from a Cox
regression model for erlotinib versus docetaxel,

Subgroup analyses for PFS were performed to explore the potential
interaction effect of the treatment groups with sex (male v female), PS (0 v 1 or
2), stage (1B v IV), histology (adenocarcinoma v other), and smoking status
{ever v never). Response, toxicity, and patient characteristics were compared
between the treatment groups using Fisher’s exact test, and age was compared
using the Wilcoxon rank sum test. As secondary end points, we performed
similar analyses for PFS and OS in patients with EGFR wild-type and EGFR
mutant tumors. To assess the homogeneity of the treatment effect on PFS and
08, an interaction term of treatment and EGFR mutation status (wild-type,
exon 19 deletion or L858R, or other) was evaluated in the Cox model using the
likelihood ratio test. To correct for potential confounding of patient charac-
teristics other than the EGFR mutation status in these subgroup analyses,

Table 1. Patient Demographics and Clinical Characteristics for All
Study Patients

Erlotinib Docetaxel
{n = 150) {n=151)
Demographic or Clinical No. of No. of

Characteristic ‘Patients % Patients %

Ty 42 20 4029,
0A08 . 720 0 10707 709

Age, years

Median 67
31-85
200 .29 182,

87 447 67 44.4
8 4.0 6 4.0
11 740 114 758
39 26.0. 37 -24.5
Adenocarcinoma 104 69.3 103 68.2
Squarnous cell carcinoma
QOthers
;.Firstline treatment - -~ oo xEel
um doublet= . 0 T

‘doublet + bevacizumab .

Platinum doublet
Platinum doublet + bevacizumab

Other
“EGFR status >~

on.19

o ¢

Other mutations =
Insufficient/not examined "

Abbreviation: EGFR, epidermal growth factor receptor.

19304  © 2014 by American Society of Clinical Oncology -

adjusted HRs were also calculated using the Cox regression model, including
stratification factors with the exception of institution. Statistical analyses were
performed using SAS version 9.3 (SAS Institute, Cary, NC).

Patients

From August 2009 to July 2012, 301 patients were enrolled from
4] institutions belonging to the National Hospital Organization. In
the intent-to-treat population, 150 and 151 patients were randomly
assigned to erlotinib and docetaxel, respectively (Fig 1). The baseline
characteristics were well balanced between the treatment groups in
terms of age, sex, PS, smoking status, histology, first- and second-line
chemotherapy regimens, and EGFR status (Table 1).

PFS, OS, and Response Rate in
EGFR-Unselected Population

Median PFS time was 2.0 months (95% CI, 1.3 to 2.8 months) for
erlotinib and 3.2 months (95% CI, 2.8 to 4.0 months) for docetaxel
(Fig 2A), but this difference was not significant (HR, 1.22; 95% CI,
0.97 to 1.55; P = .09). At data cutoff (January 17, 2013) with median
follow-up of 8.9 months, 141 patients (94.0%} in the erlotinib group
and 138 patients (91.4%) in the docetaxel group experienced disease -

1.0 4 = Erfotinib (n = 150); median, 2.0 months
«~ Docetaxel {n = 151}; median, 3.2 months

0.8 HR, 1.22; 85% Cl, 0.97 to 1.55; Log-rank P= .09

Progreséicn-Free Survival >
{proportion)

T i
38 40
No. at risk Time Since Random Assignment (months)
Erlotinib 150 28 8 2 1
Docetaxel 151 28 8 5 ]
1.0 - Erlotinib {n = 150); median, 14.8 months
== Docetaxel (n = 151); median, 12.2 months
0.8+ HR, 0.81; 95% Cl, 0.68 to 1.22; Log-rank P=.53

0.6

0.4+

0.2 %

Overall Survival
{proportion)

0o 4 8 12 16 20 24 28 32 36 40
Time Since Random Assignment {months)

No. at risk
Erlotinib 150 80 41 17 8

Docetaxel 151 84 38 18 4

Fig 2. {A) Progression-free survival {ail patients). (B) Overall survival {all patients).
HR, hazard ratio.
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A —
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s SRR,

Subgroup Hazard Ratio 95% Ci
All patients G 1.22 0.97 to 1.55
Sex
Female & 1.18 A0.72t0 1.85
Male Rt Amaa 1.30 0.88t0 1.71
Age, years '
<70 S amem 1.33 0.98 10 1.81
270 — i 1.03 071t 149
Stage
HB & .05 0.81 10 1.81
. va 7 G 1.25 « 0.96101.63 Fig 3. Progression-free survival in clinical
subgroups (all patients). PS, perform
0 —— 123 0.88t0 172 v periomance
1-2 - 1.27 0.9110 1.78
Smoking status 1\
Ever smoker S m C 120 0.811t0 1.56
Never smoker & 1.37 0.83t0 2.23
Histology
Adenocarcinoma — 1.14 0.85 to 1.52
Nonadenocarcinoma & 1.60 1.051t0 2.43
T T
0.5 1 2
< Favors erlotinib 1 F’avors docetaxel>
3/

progression or death. The median OS time was 14.8 months (95% CI,
9.0to 19.4 months) for erlotinib and 12.2 months (95% CI, 9.0 t0 15.5
months) for docetaxel (HR, 0.91; 95% CI, 0.68 to 1.22; P = 53; Fig
2B). The number of patients with tumor response was similar in both

* groups; 25 patients (17.0%; 95% CI, 11.3% to 24.1%) responded in

the erlotinib group, and 26 patients (17.9%; 95% CI, 12.1% to 25.2%)
responded in the docetaxel group (P = .88). A complete response was
reported in the erlotinib group in one patient with unknown EGFR
status. As shown in Figure 3, subgroup analyses for PFS revealed that
there was no significant difference between the two drugs, with the
exception of nonadenacarcinoma histology (HR, 1.60; 95% CI, 1.05
to 2.43; P = .03). All factors numerically favored docetaxel.

PFS, OS, and Response Rate in EGFR Wild-Type and
Mutant Tumors

EGEFR status was determined in 255 (84.7%) of 301 patients,

including 199 patients with wild-type EGFR NSCLC and 51 patients
with active mutant EGFR NSCLC. The interaction term between
treatment and EGFR mutation status was significant for PFS but not
for QS (P = .03 and P = .20, respectively). In patients with EGFR
wild-type disease, there was no significant difference between the
erlotinib and docetaxel groups regarding sex (men and women: 85
and 24 v 68 and 22 patients, respectively; P = .74), age (median age, 68
v 67 years, respectively; P = .96), PS (0, 1, and 2: 52, 52, and five v 38,
49, and three patients, respectively; P = .66), histology (adenocarci-
noma and nonadenocarcinoma: 72 and 37 v 58 and 32 patients,
respectively; P = .88), stage (IIIB and IV: 26 and 83 v 20 and 70
patients, respectively; P = .87), and smoking status (ever-smoker and
never-smoker: 87 and 22 v76 and 14 patients, respectively; P = .46).In
patients with EGFR wild-type tumors, the docetaxel group had a
significantly longer PFS (2.9 months; 95% CI, 2.1 to 3.3 months) than
the erlotinib group (1.3 months; 95% CI, 1.1 to 2.0 months; Fig44). A
supportive Cox analysis with stratification factors confirmed the sig-
nificant difference (adjusted HR, 1.57;95% CI, 1.18 to 2.11; P < .01).

www.jro.0rg

However, the difference in OS was not statistically significant. The
median OS was 9.0 months (95% CI, 7.8 to 14.5 months) in the
erlotinib group compared with 10.1 months (95% CI, 7.3 to 12.4
months) in the docetaxel group (P = .91; Fig 4B). In terms of tumor
response, six patients (5.6%; 95% CI, 2.1% to 11.9%) responded to
erlotinib, and 17 patients (20.0%; 95% CI, 12.1% to 30.1%) re-
sponded to docetaxel (P <.01). ;

In patients with EGFR mutations, median PFS and median OS
were longer in the erlotinib group than in the docetaxel group (PFS:
9.3 v 7.0 months, respectively; OS: not reached v 27.8 months, respec-
tively), However, these differences in PFS (Fig 4C) and OS (Fig 4D)
were not statistically significant.

Safety

The safety population included 300 patients: 150 in each group
(Table 2). The most common adverse event with erlotinib was rash
(92.7%), whereas docetaxel was associated with fatigue (71.3%), nau-
sea (50.0%), and hematologic toxicities. Grade 3 to 4 leukopenia,
neutropenia, and febrile neutropenia were significantly more frequent
with docetaxel compared with erlotinib (0.7% v 64.0%, 0.7% v 80.0%,
and none v 15.3%, respectively; Table 2). Two patients in the erlotinib
group died of interstitial lung disease, and one patient in the docetaxel
group died as a result of infection.

Poststudy Treatment

The number of patients who received further treatment was
similar in the two groups (P = .22). Sixty-one patients (42.3%) in
the erlotinib group received docetaxel, and 55 patients (37.9%) in
the docetaxel group received EGFR-TKIs. Other drugs were ad-
ministered to 45 patients (31.3%) in the erlotinib group and 41
patients (28.3%) in the docetaxel group. In the unselected popula-
tion, no difference in OS was observed between the erlotinib and
docetaxel arms when comparing patients who went on to receive
subsequent chemotherapy (HR, 0.96; 95% CI, 0.62 to 1.49; P = 84).

® 2014 by American Saciety of Clinical Oncology 1908
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1.0+

0.8

Progression-Free Survival >
(proportion)

= Erlotinib {n = 109); median, 1.3 months
~= Docetaxel (n = 90); median, 2.9 months

HR, 1.45; 95% Cl, 1.08 to 1.84; Log-rank P=.01
Adjusted HR, 1.57; 5% Cl, 1.18 to 2.11

T ] T T T T T

0 4 8 12 16 20 24 28 32 36 40

No. at risk Time Since Random Assignment {months)

Edotinib 109 7 2 ) )

Docetaxel 90 14 2 1 0

_c_ 1.0 == Erlotinib {n = 21); median, 9.3 months

g == Docetaxe!l (n = 30); median, 7,0 months

2 0.8 HR, 0.95; 95% C1, 0.51 to 1.79; Log-rank P= .91

=3 . Adjusted HR, 0.82; 95% Cl, 0.43 to 1.53

=

[

8 g 0.6

w o

c S

S o 047

§ = 0.2

e & 7]

5 ‘1_.\ L

Sse

n— L] L] L] L] L) T ¥ L] T T
0 4 8 12 16 20 24 28 32 36 40

woansx  1me Since Random Assignment (months)

Erlotinib 21 15 3 0 1] /

Docetaxe! 30 12 5 3 [}

B 1.04 == Erlotinib {n = 108); median, 9.0 months
== Docetaxel {n = 90); meadian, 10.1 months

0.8 4 HR, 0.98; 95% Cl, 0.69 to 1.39; Log-rank P= .91
© Adjusted HR, 1.13; 95% Cl, 0.79 to 1.61
2T
=98 06
=l
o
o= 2
G o 041
Q o
> S
(= 0.2

0O 4 B8 12 16 20 24 28 32 36 40

No. at iek Time Since Random Assignment (months)
Edotinb 109 a8 20 6 2
Docataxs! 20 43 14 6 2

1.0
_ 0.8
e __
T e
E S 0.6
* 5
= 5 04
g v = Erlotinib (n = 21); median, not reached
g2 w Docetaxel {n = 30); median, 27.8 months
© 024 yn 0.43;95% CI, 0.12 to 1.23; Log-rank P= .13

Adjusted HR, 0.38; 95% Cl, 0,10 10 1.10
0 4 8 .12 16 20 24 28 32 36 40

No. ot risk Time Since Random Assignment (months)
Erotinib 21 18 1 7 4
Docetaxel 30 23 18 9 2

Fig 4. (A) Progression-free survival (PFS) in epidermal growth factor receptor (EGFR) wild-type tumors. {B) Overall survivel (OS) in EGFR wild-type tumaors. (C) PFS in
EGFR mutant tumors (exon 19 deletion or L858R). (D) OS in EGFR mutant tumors (exon 19 deletion or L858R). HR, hazard ratio.

Similarly, no difference was observed in the unselected population
between the two arms when comparing patients who did not go on
to receive subsequent chemotherapy (HR, 1.28; 95% CI, 0.77 to
2.12; P = .34). However, patients with EGFR wild-type tumors

who were treated with docetaxel and did not receive subsequent
therapy had a trend toward longer OS when compared with pa-
tients treated with erlotinib (HR, 1.79; 95% CI, 0.95 to 3.35; P =
.06). However, no significant difference in OS was seen between the

Tabls 2. Common Adverse Events
All Grades Grade 30r4
Erlotinib {n = 150) Dacetaxel {n = 150) Erlotinib {n = 150) Docetaxel (n = 150)
Toxicity No. of Patients % No. of Patients % P No. of Patients % No. of Patients % P

“Rash. -, WU RET 220 T JIAT T <01 H e 200 T I8 M e T 201
Nausea 30.7 75 50.0 <.01 3 2.0 5

“Vomiting - 18,0 . 8T 25T 187 06 5 1 0T 0

Diarrhea 57 38.0 31 20.7 <. 01 2 1.3 2

Fatigue ..o .o i 80 533 107 SNBSS0 T B8

Anémia 120 80.0 141 840, <.01 6 40

“Thiroimbooytopenia ' | " 31, 2074 a8 320 % 08" co RETRge A

Leukopenia 127 140 93.3 <.01 1
Neutropenia ;.. 10.0° 136 . 907 <O

Neutropenic fever » ‘ 0

ST s e s T8, U 1, 1 28T 2360, 0240 0043 0. 023

ALT 39 26.0 35 233 .89 5
“Pnelmonitis 7 100 67 gt T -3 K1 B A

1806 © 2014 by American Society of Clinical Oncology
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erlotinib and docetaxel arms in patients who received any subse-
quent treatment (HR, 0.91; 95% CI, 0.63 to 1.32; P = .62).

This study showed that there was no significant difference in PFS when
comparing erlotinib versus docetaxel as second- or third-line treat-
ment for an EGFR-unselected population with NSCLC. In the pre-
planned subgroup analysis, PES and response rate were significantly
better with docetaxe! than erlotinib in EGFR wild-type tumors. In
contrast, patients with EGFR mutant turnors showed longer PFS and
OS in the erlotinib group than in the docetaxel group, although thes
differences did not reach statistical significance, possibly because of the
small sample size,

To date, five phase III trials have compared EGFR-TKI and
chemotherapy in patients with previously treated and EGFR-
unselected NSCLC.>121 INTEREST was the largest study and ex-
amined gefitinib versus docetaxel, but there was no significant
difference between these two agents in terms of median PFS (2.2v2.7
months, respectively) and median OS (7.6 v 8.0 months, respec-
tively).” This trend was also confirmed for Japanese patients in the
V15-32 trial.® Other drugs examined included erlotinib versus pem-
etrexed by the Hellenic Oncology Research Group™® and erlotinib
versus docetaxel/pemetrexed in the Tarceva in Treatment of Ad-
vanced NSCLC (TITAN) study,** and similar results were obtained;
there was no difference in PFS and OS between EGFR-TKI and chem-
otherapy. The findings of DELTA are consistent with the results from
these phase I trials in EGFR-unselected patients with NSCLC.

Therapy can now be individualized based on the molecular pro-
file of the tumor. Convincing evidence that EGFR-TKIs have marked
antitumor activity in patients with activating mutations of exons 19

- and 21 of the EGFR gene has accumulated.'**® This genotyping-

guided treatment has been effective in clinical practice. Along with
these achievernents, the role of EGFR-TKIs in patients with EGFR
wild-type NSCLC has been discussed."” Our prospectively defined
analyses included an examination of EGFR wild-type NSCLC, reveal-
ing 199 patients with wild-type EGFR disease (66.1%) among the 255
patients (84.7%) who were assessed for EGFR mutations, which is a
higher proportion than that assessed in previous studies.**'*'* The
present analysis showed that docetaxel was superior to erlotinib in
terms of PFS in the subset analysis for EGFR wild-type NSCLC. To
date, three randomized studies have compared EGFR-TKIs and chem-
otherapy focusing on wild-type EGFR tumors.'*'® However, our data
are inconsistent with the subset analyses of the INTEREST"® and
TITAN trials," both of which showed no significant difference in PFS
when comparing EGFR-TKIs and chemotherapy. Another recent
phase III study, the Tarceva Italian Lung Optimization Trial
(TAILOR),” in which all the patients had EGFR wild-type disease,
reported the same results as ours. Because the sample size of the four
studies is approximately 200 patients, the discrepancy in PFS among
studies might partly be attributable to the methods used for EGFR
analysis. For example, INTEREST and TITAN used direct sequencing,
whereas the TAILOR study used restriction fragment length polymor-
phism and Sanger sequencing. DELTA adopted highly sensitive PCR-
based assays. The TAILOR and DELTA studies used likely more
sensitive methods to detect mutations than direct sequencing, partic-
ularly for diagnostic tumor samples.? The response rates for EGFR-

www.jeo.org

TKI versus docetaxel were 6.6% v 9.8%, respectively, in INTEREST;
3.0% v 15.5%, respectively, in TAILOR; and 5.6% v. 20.0%, respec-
tively, in DELTA (no data available for TITAN). These data support
our observations regarding the PFS benefit in the docetaxel group .
of DELTA. °

In contrast to PES and response rate, there were no differences in
OS when comparing EGFR-TKI and chemotherapy in our study as
well as in the subset analysis of INTEREST and TITAN. Only the
TAILOR study, which did not allow cross-over therapy, showed that
docetaxel was better than erlotinib in terms of PFS and OS. In the
DELTA study, approximately 40% of patients received cross-over
treatments, and other subsequent therapies were similarly delivered in
both groups. Therefore, unlike PES, OS may not be affected by subse-
quent therapies. In fact, we found a trend toward better OS in the
docetaxel group than in the erlotinib group in EGFR wild-type
patients who received no subsequent chemotherapy in our subset
analysis. Given the active drugs available for poststudy chemother-
apy that might confer prolonged survival after progression, PES
can be a clinically relevant end point, and further research and
discussion are required.*>

The response rate of 20% in the docetaxel arm was higher and
hematologic toxicities were more severe corpared with the response
rate and hematologic toxicities seen in phase III trials in Western
countries. There might be some ethnic differences in efficacy and
toxicity between white and Asian patients.*>** For example, in the
Common Arm Trial, which compared clinical outcomes between US
and Japanese patients treated with carboplatin and paclitaxel accord-
ing to identical study design, eligibility criteria, and staging system,”
the PFS and OS were longer and adverse effects of neutropenia and
anemia were more severe in Japanese patients. Although 75 mg/m® of
docetaxel is more commonly used in Western populations, the abso-
lute response rate and survival in DELTA do not suggest underdosing.

This study has several limitations. First, we failed to detect a
significant difference in PFS in the unselected population, which may
have been a result of the small sample size. Second, the trial was
nonblinded, and the primary end point of PES was assessed by the
individual investigator at each institution. Therefore, caution should
be used when comparing our results with those of other studies in
which PFS was centrally assessed.

In summary, the present study showed no significant difference
in PFS and OS when comparing docetaxel and erlotinib in EGFR-
unselected patients with NSCLC. However, docetaxel was superior to
erlotinib in terms of PFS and response rate (but not OS) in patients
with EGFR wild-type disease.

Although all authors completed the disclosure declaration, the following
author(s) and/or an author’s immediate family member(s) indicated a
financial or other interest that is relevant to the subject matter under
consideration in this article. Certain relationships marked with a “U” are
those for which no compensation was received; those relationships marked
with a “C” were compensated. For a detailed description of the disclosure
categories, or for more information about ASCO’s conflict of interest policy,
please refer to the Author Disclosure Declaration and the Disclosures of
Potential Conflicts of Interest section in Information for Contributors.
Employment or Leadership Position: None Consultant or Advisory
Role: None Stock Ownership: Masaaki Pukuda, Chugat Pharmaceutical

@ 2014 by American Society of Clinical Oncology 1807




Honoraria: Tomoya Kawaguchi, Chugai Pharmaceutical, sanofi-aventis;
Hideyuki Nakagawa, Chugai Pharmaceutical; Toshiyuki Kozuki, Chugai
Pharmaceutical; Yoshio Tomizawa, Chugai Pharmaceutical; Minoru
Takada, Chugai Pharmaceutical, sanofi-aventis; Hideo Saka, Chugai
Pharmaceutical; Akihito Kubo, Chugai Pharmaceutical, sanofi-aventis
Research Funding: Mitsuhire Kamimura, Chugai Pharmaceutical;
Hideo Saka, Chugai Pharmaceutical Expert Testimony: None Patents,
Royalties, and Licenses: None Other Remuneration: None

Conception and design: Tomoya Kawaguchi, Masahiko Ando, Shun-ichi
Isa, Minoru Takada, Hideo Saka, Akihito Kubo

1. Favargtto AG, Pasello G, Magro C: Second
and third fine treatment in advanced non-small cell
lung cancer. Discov Med 8:204-209, 2009

2. Shepherd FA, Dancey J, Ramlau R, et al:
Prospective randomized trial of docetaxel versus
best supportive care in patients with non-small-cell
lung cancer previously treated with platinum-based
chemotherapy. J Clin Oncol 18:2085-2103, 2000

3. Fossella FV, DeVore R, Kerr RN, et al: Random-
ized phase I trial of docetaxel versus vinorelbine or
ifosfamide in patients with advanced non-small-cell
lung cancer previously treated with platinum-containing
chemotherapy regimens: The TAX 320 Non-Small Cell
Lung Cancer Study Group. J Clin Oncol 18:2354-2362,
2000

4. Shepherd FA, Bodrigues Pereira ?‘} Ciuleanu
T, et al: Erlotinib in previously treated non-small-cell
{ung canger, N Engl J Med 353:123-132, 2005

8§, Kim ES, Hirsh V, Mok T, et al: Gefitinib versus
docetaxe! in previously treated non-small-cell lung
cancer {INTEREST): A randomised phase ! trial.
Lancet 372:1808-1818, 2008

8, Maruyama R, Nishiwaki Y, Tamura T, et.al: Phase
It study, V-15832, of gefitinib versus docetaxe! in previ-
ously treated Japanese patients with non-smallcell lung
cancer. J Clin Oncol 26:4244-4252, 2008

7. Reck M, van Zandwijk N, Gridelli C, et al:
Erotinib in advanced non-small cell lung cancer:
Efficacy and safety findings of the global phase IV
Tarceva Lung Cancer Survival Treatment study.
J Thorac Oncol 56:1616-1622, 2010

8. Perng RP, Yang CH, Chen YM, et al: High efficacy
of erlotinib in Taiwanese NSCLC patients in an expanded
access program study previously treated with chemo-
therapy. Lung Cancer 62:78-84, 2008

Kawaguchi et al

Administrative support: Masahiko Ando, Shun-ichi Isa

Provision of study materials or patients: Tomoya Kawaguchi, Kazuhiro
Asami, Yoshio Okano, Masaaki Fukuda, Hideyuki Nakagawa, Hidenori
Ibata, Toshiyuki Kozuki, Takeo Endo, Atsuhisa Tamura, Mitsuhiro
Kamimura, Kazuhiro Sakamoto, Michihiro Yoshimi, Yoshifumi Soejima,
Yoshio Tomizawa, Hideo Saka

Collection and assembly of data: Tomoya Kawaguchi, Kazuhiro Asami,
Masaaki Fukuda, Hideyuki Nakagawa, Hidenori Ibata, Toshiyuki

Kozuki, Takeo Endo, Atsuhisa Tamura, Mitsuhiro Kamimura, Kazuhiro

Sakamoto, Michihiro Yoshimi, Yoshifumi Soejima, Yoshio Tomizawa,
Hideo Saka, Akihito Kubo
Data analysis and interpretation: Tomoya Kawaguchi, Masahiko Ando,

Yoshio Okano, Shun-ichi Isa, Minoru Takada, Hideo Saka, Akihito Kubo

Manuscript writing: All authors

Final approval of manuscript: All authors

9. Mok TS, Wu YL, Thongprasert S, et al: Ge-
fitinib or carboplatin-paclitaxel in pulmonary adeno-
carcinoma. N Engl J Med 361:947-857, 2009

10. Goto K, Satouchi M, Ishii G, et al: An evalua-
tion study of EGFR mutation tests utilized for non-
smaill-cell lung cancer in the diagnostic setting. Ann
Oncol 23:2914-2918, 2012

11. Brookmeyer R, Crowldy J: A confidence interval for
the median survival time. Biometrics 38:29-41, 1982

12. Lee DH, Park K, Kim JH, et al: Randomized
phase lll trial of gefitinib versus docetaxel in non-

small cell lung cancer patients who have previously

received platinum-based chemotherapy, Clin Cancer
Res 16:1307-1314, 2010

13. Karampeazis A, Voutsina A, Souglakos J, et al;
Pemetrexed versus erlotinib in pretreated patients
with advanced non-small cell lung cancer: A Hellenic
Oncology Research Group (HORG) randomized
phase 3 study,,Cancer 119:2754-2764, 2013

1. Ciuleanu T, Stelmakh L, Cicenas S, et al
Efficacy and safety of erlotinib versus chemotherapy
in second-line treatment of patients with advanced,
non-small-cell lung cancer with poor prognosis
{TITANY: A randomised multicentre, operrlabel, phase 3
study. Lancet Oncol 13:300-308, 2012

15. Maemondo M, Inocue A, Kobayashi K, et al: Ge-
fitinib or chemotherapy for non-small-cell lung cancer
with mutated EGFR. N Engl J Med 362:2380-2388, 2010

16. Mitsudomi T, Morita S, Yatabe Y, et al: Ge-
fitinib versus cisplatin plus docetaxel in patients with
non-small-cell lung cancer harbouring mutations of
the epidermal growth factor receptor MJTOG3405):
An open label, randomised phase 3 tral. Lancet Oncol
11:121-128, 2010

17. Laurie SA, Goss GD: Role of epidermat
growth factor receptor inhibitors in epidermal
growth factor receptor wild-type non-small-cell lung
cancer. J Clin Oncol 31:1061-1069, 2013

18. Douillard JY, Shepherd FA, Hirsh V, st ab
Molecular predictors of outcome with gefitinib and
docetaxel in previously treated non-small-cell lung
cancer: Data from the randomized phase Il INTEREST
trial. J Clin Oncol 28:744-752, 2010

18. Garassino MC, Mantelii O, Broggini M, et al Erdo-
tinib versus docetaxel as secondHine treatment of pa-
tients with advanced non-small-cell lung cancer and wild-
type EGFR tumours {TAILOR}: A randomised controlled
trial. Lancet Oncol 14:981-988, 2013

20. Pao W, Ladanyi M: Epidermal growth factor re-
ceptor mutation testing in lung cancer: Searching for the
ideal method. Clin Cancer Res 13:4854-4955, 2007

21. Broglio KR, Berry DA: Detecting an overall

. survival benefit that is derived from progression-free

survival. J Natl Cancer Inst 101:1842-1648, 2008

22, Booth CM, Eisenhauer EA: Progression-free
survival: Meaningful or simply measurable? J Clin
Oncol 30:1030-1038, 2012

23, Svo RA, Loh M, Mok TS, et al: Ethnic differ-
ences in survival outcome in patients with advanced
stage non-small cell lung cancer: Resuits of a meta-
analysis of randomized controlled trials. J Thorac
Oncoal 6;1030-1038, 2011

24. Hasegawa Y, Kawaguchi T, Kubo A, et al:
Ethnic difference in hematological toxicity in pa-
tients with non-small cell lung cancer treated with
chemotherapy: A pooled analysis on Asian versus -
non-Asian in phase Il and ll] clinical trials. J Thorac
Oncol 6:1881-1888, 2011

25, Gandara DR, Kawaguchi T, Crowley J, et al:
Japanese-US common-arm analysis of paclitaxe!
plus carboplatin in advanced non-smallcell lung
cancer: A model for assessing population-related
pharmacogenomics. J Clin Oncol 27:3540-3548,
2009

£

epidermal growth factor receptor (EGER): also
known as HER1. Belongs to a family of receptors (HER2, HER3,
HERA4 are other members of the family) and binds to the EGF,
TGF-a, and other related proteins, leading to the generation of
proliferative and survival signals within the cell. It also bglongs to
the larger family of tyrosine kinase receptors and is generally
overexpressed in several solid tumors of epithelial origin.

erlotinib: also known as Tarceva (Genentech, South San Francisco,

A). Erlotinib is a small molecule that inhibits the tyrosine kinase activ-
ity of epidermal growth factor receptor/HER1 and has been evaluated
extensively in clinical trials in patients with non-small-cell lung cancer,
pancreatic cancer, and glioblastoma multiforme.
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ARTICLEINFO ABSTRACT

Article history: The performance of scientifically and ethically valid prospective clinical trials is the only
Received 18 April 2014 means by which to obtain reliable clinical evidence that can improve clinical practice and
Received in revised form thus the outcome of patients with lung cancer. The efficacy of treatment for advanced lung
6 Jjune 2014 cancer remains limited; many cooperative study groups for lung cancer have been
Accepted 17 June 2014 established in Japan since 1990s, and they have completed several landmark

investigator-initiated clinical trials. This review highlights eight active Japanese coopera-
tive study groups for lung cancer and summarizes their achievements made through
clinical trials. In addition to their benefits, the existence of multiple study groups for a
single disease such as lung cancer presents several challenges including the provision of
infrastructure to ensure the scientific integrity of trial results, the unnecessary duplication
of effort and the wasting of limited resources, and the accrual and completion of large-
scale phase III trials in the shortest possible time. Collaboration among Japanese
cooperative groups has recently increased in order to overcome these challenges. Although
institutional barriers to the performance of such large intergroup trials remain, further
harmonization and collaboration among cooperative groups will be vital in allowing -
Japanese investigators to make further important contributions for the development of
“new Jung cancer therapies.
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1. Introduction

Lung cancer is the most common cause of death from cancer
in Japan, being responsible for more than 70,000 deaths
annually. Most individuals with lung cancer are already at
an advanced stage of the disease at the time of diagnosis.
Chemotherapy is the mainstay of treatment for such
patients, but their median survival time is limited to ~15
months [1,2}. The development of new treatment strategies to
improve the clinical outcome of individuals with this challen-
ging disease is thus a priority.

The establishment of more effective treatments for
advanced lung cancer requires the performance of scientifi-
cally and ethically valid prospective multicenter clinical trials.
The first professional cooperative study group for lung cancer
research in Japan was the Japan Clinical Oncology Group
{JCOG), which was formed in 1990. Several other cooperative
study groups for lung cancer were subsequently established to
promote and support multicenter clinical trials of new treat-
ments for this disease. Recently, the “Study for Enhancement
of Quality and Efficiency of Cancer Therapeutic Development
Research via Collaboration among Cooperative Groups and
Designated Cancer Care Hospitals” was established to enhance
collaboration of eight selected Japanese cooperative groups for
lung cancer. It is supported by the National and Cancer
Research Development Fund (26-A-22) and is chaired by
Haruhiko Fukuda and Nobuyuki Yamamoto. For this review,
we collected information about eight cooperative study groups
by direct interviews. This review describes the current status
and future challenges of investigator-initiated clinical trials for
lung cancer. )

2. Clinical Trial Groups in Japan
2.1.  Japan Clinical Oncology Group

The Japan Clinical Oncology Group (JCOG) was launched in
1990 as a cooperative study group to perform multicenter
clinical trials for cancer in Japan (Fig. 1, Table 1). It remains
the only Japanese cooperative group supported primarily by a
governmental research fund. Staff at the headquarters of
JCOG, which includes a Data Center {(director, Haruhiko
Fukuda) and an Operations Office (director, Kenichi Naka-
mura), work closely with individual investigators to support
the operaticnal aspects of clinical trials. They thus provide
help with protocol development, patient registration, report-
ing of adverse events, data management, and statistical
analysis as well as perform regular {twice a year) central
meonitoring and site visit audits.

The individual study groups of JCOG are currently divided
into 16 categories on the basis of specific tumor type or
treatment modality. Among them, the Lung Cancer Study
Group {LCSG) consists of 38 institutions distributed throughout
the country and has conducted several practice-changing
clinical trials, in particular for small cell lung cancer (SCLC).
The first chair of LCSG was Nagahiro Saijo (1982-2002), who
was succeeded by Tomohide Tamura (2002-2014} and then by
Yuichiro Ohe {elected in 2014). One of the landmark tdals

performed by LCSG was a randomized phase Il trial compar-
ing cisplatin plus irinotecan with cisplatin plus etoposide
{the standard treatment at the time) in chemotherapy-naive
patients with extensive disease {(ED)-stage SCLC (JCOG9511) {31
The trial was terminated early because the planned interim
analysis showed a highly significant improvement in overall
survival (OS) for patients treated with cisplatin plus irinotecan
compared with those who received cisplatin plus etoposide.
Although two subsequent large phase III trials in the United
States failed to show a significant difference in OS between
these two regimens, cisplatin plus irinotecan is now consid-
ered the standard regimen for previously untreated patients
with ED-SCLC in Japan.

The number of elderly SCLC patients continues to rise
with the growing geriatric population, with ~50% of indivi-
duals with SCLC now 70 years of age or older. JCOG performed
a phase III trial comparing split doses of cisplatin (25 mg/m?,
days 1-3) plus etoposide (80 mg/m?, days 1-3) {SPE regimen)
with carboplatin {area under the curve=:5, day 1) plus etopo-
side (80 mg/m? days 1-3) (CE regimen) in elderly (70 years
of age) or high-risk patients with ED-SCLC (JCOGS702) 4l
Although thrombocytopenia of grade 3 or 4 occurred more
frequently in the CE arm than in the SPE arm (56% versus
14%, P<0.01), both regimens were found to be feasible and
active, yielding a median OS of ~10 months. On the basis of
the results of this phase III study, the CE regimen is now
commonly used for elderly untreated patients with ED-SCLC.
JCOG has recently initiated a randomized phase III trial
comparing carboplatin plus irinotecan with the CE regimen
for elderly (=70 years) chemotherapy-naive patients with
ED-SCLC (JCOG1201) (Fig. 24). \

2.2, West Japan Oncology Group

The West Japan Thoracic Oncology Group (WJTOG) was estab-
lished in 1992 as an expert group specific for lung cancer
(Table 1). It was initially named the West Japan Lung Cancer
Study Group, and it subsequently became the West Japan
Oncology Group (WJOG) after joining gastrointestinal and breast

WIOG TCOG
OLCSG

LOGIK

/i/
#

CILSG TORG | 106G

' Fig. 1 - Cooperative study groups for lung cancer in Japan.
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Table 1 - Characteristics of the clinical study groups for hing cancer in Japan.
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cancer groups in the late 2000s. Hiroshi Ariyoshi, the original
chair of WJTOG, was succeeded in 2004 by Masahiro Fukuoka,
who in turn was succeeded in 2009 by Yoichi Nakanishi. The
missions of WJOG are to carry out clinical trials and to educate
oncologists and patients with regard to appropriate cancer
treatments and clinical studies. The data center was initially
set up in 1998 at Kinki University Faculty of Medicine under the
direction of Kazuhiko Nakagawa, and it subsequently relocated
to Namba, Osaka, in 2004 (Fig. 1). At present, the WJOG Data
Center is staffed by eight data managers led by Shinichiro
Nakamura and ensures the adequacy, integrity, and quality of
the data for patients enrolled in clinical trials. A total of 187
institutions across the country participate in clinical lung cancer
research performed by WJOG.

WJTOG performed a multicenter, randomized, open-label,
phase III trial (WJTOG3405) of first-line treatment with gefitinib
versus cisplatin plus docetaxel in patients with advanced non-
small-cell lung cancer (NSCLC) positive for activating mutations
of the epidermal growth factor receptor (EGFR) gene [5]. The
study demonstrated the superiority of gefitinib over cisplatin
plus docetaxel in terms of its primary end point of progression-
free survival (PFS). This was the first published report establish-
ing the proof of concept that molecularly targeted agents are far
more effective than conventional chemotherapy when adminis-
tered to the appropriate genetically defined patient population.
WJOG is currently conducting a phase 11 trial for patients with
completely resected EGFR mutation-positive NSCLC of p-stage II
or IIl. In this trial (WJOG6410L), patients are randomized to
receive gefitinib (250 mg/day, 2 years) or cisplatin plus vinor-
elbine (four cycles), and the primary end point is disease-free
survival.

"WJOG also has two ongoing phase IIl trials of continuation
maintenance therapy for advanced NSCLC. In WJOGS610L,
patients with advanced nonsquamous NSCLC negative for
EGFR mutations are initially treated with the combination of
pemetrexed, carboplatin, and bevacizumab (Fig. 2B). Those
individuals who complete four cycles of this treatment with-
out disease progression are then randomized to receive
bevacizumab alone or bevacizumab plus pemetrexed, with
the goal of identifying an optimal maintenance regimen that
improves 0S. WJOG recently completed a multicenter rando-
mized phase III study comparing carboplatin plus S-1 with
carboplatin plus paclitaxel as a first-line treatment in
patients with advanced NSCLC [1]. The primary objective of
this Lung Cancer Evaluation of TS-1 (LETS) study—determi-
nation of the non-inferiority of carboplatin and S-1 compared
with carboplatin and paclitaxel in terms of OS—was met.
On the basis of the trial results, the Japanese guidelines for
lung cancer treatment were updated to include carboplatin
plus S-1 as one of the standard platinum-based regimens for
first-line treatment of advanced NSCLC. Subsequent survival
analysis according to histological subtype of NSCLC revealed
that carboplatin plus S-1 showed a tendency to improve OS,
with a 3.4-month increase in median OS compared with
carboplatin plus paclitaxel (14.0 months versus 10.6 months;
hazard ratio of 0.713 and 95% confidence interval of 0.476-
1.068), for patients with squamous NSCLC [6]. This outcome is
of particular interest because of the limited therapeutic
options available for this patient population compared with
patients with nonsquamous cell carcinoma. On the basis of
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Fig. 2 - Ongoing phase IN trials for advanced lung cancer in Japan. (A) JCOG1201. (B) WJOG5610L. (C) WJOG7512L. (D) NEJ0O9.
Abbreviations: PS, performance status; R, randomization; CBDCA, carboplatin; VP-16, etoposide; CPT-11, irinotecan; PEM,"

pemetrexed; BEV, bevacizumab.

these results, WJOG is now conducting a randomized phase
111 trial for squamous NSCLC (WJOG7512L) (Fig. 2C), in which
patients treated with four cycles of carboplatin plus S-1 are
randomized to receive single-agent $-1 maintenance therapy
or observation. Depending on the outcome, this would be the
first study to establish the benefit of maintenance therapy for
patients with squamous NSCLC.

Collaboration with JCOG is also an important activity of
WJOG. JCOG1210/WJOG7813L, a randomized phase Il trial
comparing single-agent docetaxel with pemetrexed plus
carboplatin followed by pemetrexed maintenance for elderly
(275 years) individuals with nonsquamous NSCLC, is
ongoing (Fig. 3A).

2.3.  Okayama Lung Cancer Study Group

The Okayama Lung Cancer Study Group (OLCSG) was founded
in 1995 to conduct multi-institutional clinical trials and now
consists of 20 institutions in the Chugoku and Shikoku districts
affiliated with the former Second Department of Internal
Medicine at Okayama University Medical School (Table 1).
During the last two decades, the group has published more
than 20 research studies, some of which have been included in
meta-analyses of prophylactic cranial irradiation in patients
with SCLC and of thoracic irradiation and chemotherapy in
those with limited disease SCLC. More recently, OLCSG per-
formed a phase III trial of cisplatin, docetaxel, and concurrent
thoracic irradiation in patients with locally advanced NSCLC
(OLCSG 0007), the results of which informed the Japanese
guidelines for the treatment of NSCLC [7]. The data for OLCSG
0007 were managed at Okayama University and Aichi Cancer
Center Research Institute, whereas the statistical analysis was
performed at the latter institution. OLCSG has not outsourced

data management to an independent external data center, but
it is now planning to do so for better quality assurance.

Over the last decade, substantial progress has been made
in the development of genotype-based targeted therapies for
advanced NSCLC. The discovery of somatic mutations in the
tyrosine kinase domain of the EGFR and of the association of
such mutations with a high response rate to EGFR tyrosine
kinase inhibitors (EGFR-TKIs) such as gefitinib and erlotinib
has had a profound impact on the treatment of metastatic-
NSCLC. This molecular basis for therapy selection may also
be applicable to patients with locally advanced NSCLC, for
whom targeted therapies remained to be established. OLCSG
and LOGIK (see Section 2.7) are now conducting an intergroup
trial to evaluate induction therapy with single-agent gefitinib
followed by cisplatin, docetaxel, and concurrent thoracic
irradiation for patients with EGFR mutation-positive locally
advanced NSCLC (Fig. 3B).

24. Tokyo Cooperative Oncology Group (TCOG)

The Tokyo Cooperative Oncology Group (TCOG) was established
in 1972 for the purpose of performing multi-institutional
cooperative clinical trials of treatments for inoperable cancers
of various organs, with Kiyoji Kimura (a former vice director of
National Cancer Center Hospital) as its first organizer (Table 1).
Its early research results with N1-(2-tetrahydrofuryl)-5-fluorour-
acil (FT-207) in 1974 and with 5-fluorouracil (5-FU) in 1975 led to
the approval of these agents for clinical use in Japan. On the
basis of its active clinical studies and continuing educational
activities including monthly medical conferences and annual
summer seminars, the group was certified as a nonprofit
organization (NPO) by the Tokyo Metropolitan Government in
2001. The first leaders included Hisanobu Niitani as president
and five other directors.
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TCOG now consists of 37 institutions and is currently
conducting clinical trials mostly in thoracic and gastrointest-
inal oncology. It has a clinical trial registration center and six
committees for academic planning, clinical trial planning,
clinical trial evaluation, overall trial monitoring, data and
safety monitoring, and statistical analysis. For phase I and II
studies, data management is carried out by the clinical trial
registration center, and statistical considerations and analy-
sis are the responsibility of the principal investigators with
voluntary consultation of the statistical analysis committee.
Because of a shortage of human resources, however, data
management and statistical analysis for phase Ill studies are
largely outsourced. TCOG has held monthly conferences for
the past 33 years with ~70 participants at each meeting and
annual summer seminars for the past 14 years with ~500
multidisciplinary team professionals in attendance. It has
published > 30 research articles on clinical trials in Japanese
or English, which were accompanied by presentations at
various medical conferences including those of the Japan
Society of Clinical Oncology, American Society of Clinical
Oncology, and European Society for Medical Oncology [8,9].
Since 2006, TCOG has also cooperated with the North East
Japan Study Group (NEJSG, see Section 2.8) on lung cancer
trials, with more than seven trials to date (Fig. 3C).

2.5,  Central Japan Lung Study Group

The Central Japan Lung Study Group (CJLSG) was established
in 2003 as an NPO to promote the prevention and diagnosis
of, the performance of clinical trials for, and education about
respiratory diseases (Table 1). The first chairperson of the
group was Kaoru Shimokata. CJLSG consists of 30 facilities
located mainly in central Japan, and most of its members are
medical doctors who work in regional or university hospitals.

CJLSG is supported by member fees and donations, and it
holds educational seminars on several aspects of respiratory
medicine including clinical trials, bronchoscopy, and clinical
statistics for young doctors. ‘

CJLSG has published the results of several clinical trials in
international scientific journals [10-12] and is currently con-
ducting 14 trials related to pneumonia, molecular biology,
supportive care, and chemotherapy in lung cancer patients.
CJLSG is now planning PREDICTY, a prospective observational
survey of predictors of responses based on the analysis of
blood samples for chemotherapy with carboplatin plus peme-
trexed in patients with nonsquamous NSCLC.

2.6.  Thoracic Oncology Research Group

The Thoracic Oncology Research Group (TORG) was founded
as an NPO in 2004 (Table 1). It currently consists of 52
collaborative institutions, and it is chaired by Koshiro Wata-
nabe; the TORG has published four studies to date [13-16].
The TORG data center promotes quality control of clinical
trials by contributing to patient registration, data collection
and management, and central monitoring. The monitoring
reports are submitted to and reviewed by an independent
monitoring committee and study investigators on a semiann-
ual basis. Interim analysis is performed when a preplanned
number of patients have been enrolled during the study
period. In addition, TORG has taken appropriate advice from
several biostatisticians when conducting new clinical trials or
analyzing trial data.

TORG has seven and 11 trials in accrual and follow-up phases,
respectively. Although TORG has no experience in conducting
large-scale randomized trials, three studies have registered
100 or more patients. The policies of TORG are to initate
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well-designed and timely clinical trials as soon as feasible and to
finish the trials adequately and as rapidly as possible.

2.7.  Lung Oncology Group in Kyushu

The Lung Oncology Group in Kyushu (LOGIK) was established
in 2004 as a voluntary cooperative group to perform multi-
center clinical trials for thoracic malignant diseases, mainly
lung cancer, and is headquartered at the Research Institute
for Diseases of the Chest at Kyushu University (Fig. 1,
Table 1). It comprises a large network of medical oncologists,
thoracic surgeons and physicians, radiologists, pathologists,
and biostatisticians at public and private institutions across
the country, although most LOGIK member institutions are
located in Kyushu districts. As of 10 January 2014, the group
had 322 members affiliated with 89 medical institutions. The
operational policy of the group is decided at regularly held
board meetings. Plans for clinical trials can be proposed by
any member of the group and are discussed in detail by the
protocol committee and, as necessary, by the pathology
committee or radiology committee. The activities of the
group are funded and supported by the Clinical Research
Support Center Kyushu (CReS Kyushu), whose services
include various aspects of clinical trials such as registration
and assignment of patients, trial monitoring, collection of
case report forms, and data cleaning. The biostatistics com-
mittee at CReS Kyushu meets regularly with contact biosta-
tisticians to analyze clinical trial data or provide advice for
trial planning. LOGIK has conducted various phase II and
feasibility trials for lung cancer [17,18] and currently has 13
active clinical trials.

2.8.  North East Japan Study Group

In January 2006, 35 institutions belonging to four Japanese
regional groups in Hokkaido, Tohoku, Saitama, and Tokyo joined
together to conduct a phase II study (NEJ0O1) and a phase III
study (NEJOO2) of patients with EGFR mutation-positive NSCLC
screened with the peptide nucleic acid-locked nucleic acid
polymerase chain reaction clamp method developed by Koichi
Hagiwara (Table 1). This North East Japan Study Group (NEJSG)
was established with the assistance of Hisancbu Niitani, who
was the chairperson of TCOG. Together, NEJOO1 and NEJ002
showed that EGFR-TKI treatment conferred long-term PFS and
a better quality of life and thereby helped to open the door to
personalized medicine in the field of lung cancer {19-21]. NEJSG
became an NPO in December 2010 for the performance of clinical
studies in which biological investigation is important. The aim of
NEJSG is to develop, conduct, coordinate, and stimulate transla-
tional and clinical research to improve the management of lung
cancer and related problems and to increase the survival and
quality of life of affected individuals. At present, 108 institutions
located in the original four regions as well as in two additional
regions (Tochigi and Niigata) are active in NEJSG studies.

NEJSG is currently conducting a randomized phase III
study comparing single-agent gefitinib with the combination
of carboplatin-pemetrexed and gefitinib followed by conti-
nuation maintenance therapy with pemetrexed and gefitinib
in patients with advanced nonsquamous NSCLC positive for

activating mutations of EGFR (Fig. 2D). The primary end point
of this study is the OS.

3. Conclusions and future perspectives

Although only eight cooperative study groups in Japan are
reviewed here because of space limitations, several other
Japanese groups are also conducting clinical trials for lung
cancer. The establishment of multiple study groups to per-
form clinical trials for this single disease is indicative of the
high priority given to the development of new treatment
strategies for lung cancer through such trials in Japan, but it
also presents several challenges. First, it may be difficult for
all such groups to be associated with a data center that
maintains data quality, ensures the scientific integrity of trial
results, and minimizes the risk to enrolled patients. Second,
the number of clinical trials that target small subsets of
patients with specific driver oncogenes, specific histological
subtypes of lung cancer, poor performance status, or
advanced age is increasing. Overlap in such trials performed
by different groups and institutional overlap among clinical
trial groups do not represent optimal use of limited resources.
Third, the number of groups that are able to complete phase III
trials is limited to date, given the large sample size required
and the complexity of data management for such trials. The
division of roles in each cooperative study groups is essential
to improve efficiency of clinical trials in Japan.

To overcome these challenges, Japanese cooperative groups
have increased the extent of their collaboration. Indeed,
several intergroup clinical trials for advanced NSCLC (includ-
ing those performed by JCOG and WJOG, NEJSG and TCOG, and
OLCSG and LOGIK) are now ongoing (Fig. 3A-C). In addition,
seven Japanese cooperative groups are working together to
conduct a large randomized phase III trial comparing cisplatin
plus vinorelbine with cisplatin plus pemetrexed in patients
with completely resected nonsquamous NSCLC of p-stage Il or
III (Fig. 3D). The primary end point of this study is the OS, and
a total of 800 patients will be enrolled. The study, named
JIPANG, was designed to test a new application of pemetrexed
to adjuvant chemotherapy in Japan. Smooth implementation
of such intergroup studies requires abundant funds; however,
Japan does not seem to have an effective national funding
system for cooperative study groups. In United State of
America, the National Cancer Institute has provided enormous
funds for the consolidation of several cooperative groups and
the merging of groups focused on a single disease site or
modality with multidisciplinary groups.

Although institutional barriers to the performance of such
large intergroup trials remain, further harmonization and
collaboration among cooperative groups will be important
in allowing Japanese investigators to generate new data that
can change clinical practice and improve the clinical outcome
of lung cancer patients.
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Abstract

OBJECTIVES: The purpose of this study was to elucidate the detectability of recurrence and the prognostic significance of the serum carci-
noembryonic antigen (CEA) levels in patients with completely resected non-small-cell lung cancer (NSCLC).

METHODS: Five hundred and eighteen NSCLC patients who underwent complete resection at Aichi Cancer Center between April 2001
and March 2006 were enrolled in this study. The patient characteristics were as follows: the median age was 63 years; 331 tumours were
classified as pathological stage I, 88 tumours were pathological stage Il and 99 tumours were pathological stage Ill; 140 tumours were
adenocarcinomas with epidermal growth factor receptor (EGFR) mutations, 268 tumours were adenocarcinomas with EGFR wild-type
mutations and 110 tumours were other NSCLCs. The patients were divided into three groups: those with a normal CEA level before and
1-3 months after surgery (N group, n = 380), those with an elevated CEA level before surgery and a normal CEA level 1-3 months after
surgery (HN group, n=105) and those with an elevated CEA level 1-3 months after surgery regardless of the preoperative CEA level
{H group, n = 33). The correlations between the changes in the serum CEA levels and the clinical outcomes were analysed.

RESULTS: Recurrence developed in 122 patients (32%) in the N group, 49 patients (47%) in the HN group and 19 patients (58%) in the H
group (P =0.001). The sensitivity and specificity of an elevated serum CEA level during the follow-up period for detecting recurrence were
30 and 98% in the N group and 82 and 73% in the HN group, respectively. Twenty-seven asymptomatic recurrent tumours combined with
an elevated serum CEA level were detected in the HN group. In the multivariate Cox regression analysis, the serum CEA level 1-3 months
after surgery had prognostic value for overall survival.

CONCLUSIONS: In completely resected NSCLC patients, measuring the serum CEA level during the follow-up period is useful in patients
in whom an elevated level normalizes after surgery, and the serum CEA level 1-3 months after surgery is considered to have prognostic
significance regarding survival.

Keywords: Lung cancer + Carcinoembryonic antigen * Follow-up « Surveillance

INTRODUCTION The prognostic significance of intensive follow-up for detecting
recurrence is debatable [1-3].

A certain population of NSCLC patients, first described in those
with adenocarcinoma, produce carcinoembryonic antigens (CEAs)
and have a high serum level at presentation. Among colon cancer
patients, the American Society of Clinical Oncology (ASCO) and
National Comprehensive Cancer Network (NCCN) guidelines rec-
ommend that the serum CEA level be measured during the follow-
up period following surgery [4, 5]. Among NSCLC patients who
undergo surgical treatment, there are currently no guidelines

Non-small-cell lung cancer (NSCLC) is now the leading cause of
cancer-related death worldwide. Due to cancer recurrence, the
clinical outcomes of patients with NSCLC are not satisfactory, even
when complete resection is performed. The purpose of surveil-
lance following surgical resection is to detect recurrence and/or
new primary lung cancer in order to apply appropriate treatment.

'Presented at the 21st European Conference on General Thoracic Surgery,
Birmingham, UK, 26-29 May 2013.

recommending the measurement of serum tumour markers, such
as CEA, during the follow-up period to detect recurrence. Although
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