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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 mult-
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 polity of the group is decided at regularly held
board meetings. Plans for clinical trals 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 commitiee, The activites of the
group are funded and supported by the Clinical Research
Support Center Kyushu (CReS Kyushu), whose services
include various aspects of clinical trals 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 I
study (NEJ002) of patients with EGFR mutation-positive NSCLC
screened with the peptide nucleic acid-locked nucleic acid
polymerase chain reaction damp method developed by Koichi
Hagiwara (Table 1). This North East Japan Study Group (NEJSG)
was established with the assistance of Hisanobu Niitani, who
was the chairperson of TCOG. Together, NEJOG1 and NEj0O2
showed that EGPR-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 suxvival 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 HI
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 0S.

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 tdals 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 sclentific integrity of trial
yesults, 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 HI
trials is Yimited 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 NSGLC (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 Il trial comparing cisplatin
plus vinorelbine with cisplatin plus pemetrexed in patients
with completely resected nonsquamous NSCLC of p-stage Il or
1 (Fig. 3D). The primary end point of this study is the 08, 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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Purpose
To investigate the efﬁcacy of erlotinib versus docetaxel in previously treated patients With advanced

noti-smali-cell lung cancer (NSCLC) in an epidermal growth factor receptor {EGFR) —unselscted
patient population.

Patients and Methods

The primary end point was progression-free-supvival { PFS) Secondary end points included overall

survival {08}, response rate, safety, and analyses on EGFR wild-type tumors. Patients with stage
1IB or IV NSCLC, previous treatment with one of two chemotherapy regimens, evaluable or
gasurable disease, and performance status of 0 to 2 were eligible.

Results

From August 2009 to July 2012, 160 and 151 patients were randomly assigned to erlotinib (160 mg
da;ly) and docetaxel (60 mg/m? every 3 weeks), respectively. EGFR wild-type NSCLC was preserit
in 109 and 90 patients in the erlotinib and docetaxel groups, respectively. Median PFS for etlotinib
versus docetaxel was 2.0 v3.2 months (hazard ratio [HR}, 1.22; 95% Cl, 0.97 to 1.55; P= .09}, and
median OS was 14.8 v 12,2 months (HR, 0.91; 95% Cl, 0.68 1o 1.22; P = 53), respectivély. In a

subset analysis of EGFRwildtype tumors, PFS for erlotinib versus docetaxel was 1.3 v2.9 months’

{HR, 1.45; 95% Cl, 1.08101.94; P = .01}, and OS was 8.0 v 10.1 mionths (MR, 0.98; 85% Cl, 0.69
to 1.39; P = .91}, respectively.

Conclusion

" Erlotinib failed to show an cmprovement in PFS or OS compared with docetaxel in an EGFR-

unselected patient population.

J Clin Onecol 32:1902-1908. © 2014 by American Society of Clinical Oncology

* owslytreated advanced NSCLC,** in whom the me-
. -dian pri ogressxonwfree survival (PES) in response to
docetaxel was 2.0 to 2.5 months.

the'} d_mg cause of canccr—re}ated

g ¢
deaths- Worldmde Non-small-cell lung cancer
(NSCLC) comprises more than 80% of all lung tu-
inors. Approximately two thirds of NSCLCs are di~
agiiosed at advanced stages, The standard ﬁif_stwline
treatmentforNSCLG platinum-basedddubletcherin-
otherapy, bas a response rate of dpprozimately 30%,
and the response usually lasts only 4 to 5 months.!

Second- and third-line chemotherapy has been used -
to futther improve strvival. A standard regimen of

dotetasel has been éstablished based on results from
randomized phiase I studies of patients with previ-
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Epidermal growth factor receptor (EGER) ty-

osine kinase inhibitors (TKIs) are.active against

premouslytreated NSCLC. Exlotinib, anEGFR»TKI
showed a significant survival benéfit in a placebo-
controlled phase Ul trial (BR21); with a medjan PFS
of 2.2 months and bazard fatio (HR) of 0,61.% The
noninferiority of gefitinib, another EGER<TKI, to
docetaxel in patients with previouslytreated NS CLC
was shown in térms of survival in a global phase I
study (Iressa NSCLC Trial EBvaluating Response and
Survival Versus Taxotere [INTEREST]; n = 1,433)°
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Erlotinib v Doetaxel for Non-Small-Cell Lung Cancer

but not in 4 smaller phase It study inJapan (V15-32,n = 489)% A
. global phase IV study of erlotinib {Tarceva Lung Cancer Survival
Treatment {TRUST], n = 6,580) shosved aPFS of 3.3 months” and a
. ‘miuéh longer PES (5.6 months) in an Asian subset.® Although both

. “érlotinib and docetaxe] are considered standard therapies for previ-.

" ously treatedNSCLC, given the favorable survival in erlotinib-treated
- .Asmn patients, erlotinib might produce longer PFS. thin docetaxel
. m Asmn paticats with previously treated NSCLG-in an EGER-

The Docetaxel and EBrlotinib Lung Cancer Trial (DBLTA) is a
- iniuilticentér; open-label, phase III study from Japan. Because gefitinib
ailed to ‘show noninferiority to docetaxel in the V15-32 trial, we

. ,mvesngated the efficacy and tolerability of erlotinib versus do~1\
: el as second- or third-line treatment for EGFR-unselected -

nts with NSCLC,
- "When this study was initiated, EGFR-TKIs were usua]ly used
“without testing for BGFR mutational status in clinical practice. Then,
- the gnvotal Iressa Pan-Asia Study (IPASS) study showed thet gefitinib
. was supetior to carboplatin and paclitaxel in terms of PRS in patients
“with EGER mutant tumnors (HR, 0.48; 95% CI, 0. 36 to 0 64) , whereas
‘the opposite results were obseived in patients with EGER wild- -type
“tumors (HR, 2.85; 95% CI, 2.05t03.98) in the first-line setting,” Given
the advancement of molecular knowledge, we preplarined an analysis
o examine the treatmerit effect in EGFR w11d~type aiid EGFR mu-
; tant disease. .

Patlents
© ' Thiginilticenter, open-label, randomized phase I study was sponsored
- 'bythe National Hospxtal Organization, mmdependentadmlmstranve agency
. In Japan, Patignts'age 20 yéars or older were eligible if théy met the following
_{":cntena pathologically or histologically proven NSCLC with stage IMIB or IV
- rdisease (Laternational Union Agairist Cancer, veision 6); previous treatment
. with.ane. or two chemotherapy regimens, including at least one platinum
“* ‘ageniy évaltable of mieasurable disease by computed tomography (CT) or
‘magnetic resonance imaging; deas!em Cooperatwe Oncology Group per-
) ;fo:max;ce status (PS) of 0 to 2. The miin excliision criterid Were prévious
exposure to BGIR-TKI ‘or docetaxel, symptomatic brain metastasis,-and

second active cancer, Patients were also excluded frorn the study if they had
interstitial pneumonia or pulmanary fibrosis detected by chest CT. All en-
rolled patfents provided written informed consent before entering the study.
The protocal was approved by thie fnstitutional review boards and <thics
committees of the National Hospital Orgenization:

Treatment

Brlotinib (150 myg per day) was administered orally, Docetaxel was ad-
ministered every 3 weeks asa 1-hour intravenous mﬁmonof 60 mg!m (ie, the
appmved dose in }apan) Adverse events were monitored and graded accord-
ing 10 the Comimon Terminology Criterfa for Adverse Bvents (version 3.0,
Patients received the study treatment until disease progression orintolerable -
toixicities. Poststidy treatment was given at the discretion of the physician and
patient, and cross-over freatment was allowed in this trial,

Tamors assessments were performed via CT, spixal CT, or magnetic
resonance imaging, and the same methods .of measurement were used
throughout the study for-each patient. FFS was defined as the time from
random assignmenit to the earliest occurrence of disease; prcgressmn or death
fromm ariy canse; patiéats who had fot expériencéd progression or died at data
cutoff were censored at the last fumor assessment, Overall survival (OS) was
assessed from the date 6frandom assignment to the date of death as the result. -
of anycause, or data were censored at thelast date the panentwas confirmed to
be alive, Tumor tesponse according to RECIST was assessed at baseling, every
month for the first4 months, and every.2 months thereafter, Investigator
assessment of best oveiall thriok résponse was used for the analysis. Routine
laboratory-assessments were performed af, ‘baseline, every week for- the first
‘mionth, and every'2 tod weeks thiereafter: EGFR riutations were éxamined in,
exons 18to 21 by a Iughlysensmve polymemse chain reaction (PCR) —based.
méthod (i, the PCR-invader method, peptide rincleic acid-Jacked nvclelc
acdeCRciamp method, or cycleave method), These assays were performed in
comimeréial. Iaboratones to which each institute sent the -didgnostic tu-
raor samples .

Statistical Analysls

Eixgible patients were randomly assigried 1i1 to erlotinib or dgcetaxet by’
the minimization method according to sex, perfoxmance status, h:stology, and
institution. Bfficacy analyses werecompleted for.the intent-to-treat popula-
tion, Safety analyses were parformed for the population who received at least
one dose of the trial. medication after zandorh assignment, The primary end
point was PFS, Secondaiy end poiitsyvere O, response, safety, and analyses
on BGER Wﬁdwtype and mutant mmors Median PES was assurned to be 3.5
months and 2,5 moriths in pat:ents réceiving erlotinib and docetaxel, respec-
tively, based on data from previous dinical tdals. 278 The present study was

Fig 1. CONSORT diagram.

B

- 121 -

® 2014 by American Sociaty.of Clinfoal Oncology 1903 T




Kawaguchi et al

designed to assess the efficacy of erlotinib versus dacetaxel in EGFR-unselected  adjusted HRs were also calculated using the Cox regression model, indluding
patientsand to have 80% power to detect 2 1-month difference ata two-sided  stratification factors with the exception of institution., Statistical analyses were
significaricelevel of P =05, A sample size of 300 patients was planned based on.  performed using SAS version 9.3 (SAS Institute, Cary, NC).
these assumptions. Final analysis was plansied after 278 events, Survival curves : . )
were calculated using the Kaplan-Mejer methad, and a Jog-rank test ywas used
to compare treatment groups. The 95% CI of the median survival time was
calculated by the method of Brookmeyer and Crowly. 1 Bstinfidtes of the
treatment effect were expréssed as HRs and two-sided 95% Cls from a Cox Patfents
‘régrgsion model for erlotinib versus docetaxel, From Au
gust 2009 to July 2012, 301 pauents were enrclled from
Subgroup analyses for PFS were performed {o exploxe the potential 41 jostitutions belonging to the National Hospital Organization, In

interactioni effect of the treatment groups with sex (male v ferriale), PS (0 1 or
2), stage (IUB v1V), histology (adenocazcinoma v other), and srmioking status the intent-to-treat population, 150 and 151 patients were randomly

{ever ¥ never). Response, toxicity, and patient characteristics were compared  assigned to exlotinib and docetascel, respectively (Fig:1). The baseline
between the treatmént groups using Fisher's exact test, and agewascompared  characteristics were ‘well balanced bétween the treatment groups in
utsing the Wilcoxon rank sum test. As secondary end points, we performed terms of age, sex, PS, smoling status, hwtology, first- and second-line

- similar a.na]yses for PTS and OS in patients with EGFR- wild-type and EGFR
‘mittant tumors. To assess the homogeneity of the treatsiient efféct on PFS and chemotherapy regimens, and BGFR status (Table 1).

GS, an interaction tefm of treatmient and FGRR mufation status (wﬂd—typc
éxon 19 deletion or LBSBR, or other) was evaluated in the Coxmodelucmgthe PFS, 08, and Response Rate in

Jikelihéod ratio test. To correct for potential confounding of patient charac- EGFR-Unselected Population

teristics othey than the EGFR mutation status in these subgroup analyses, Median PES timiewas 2.0 months (95% Cl,13t02 Smonths} for
erlotinib and 3.2 months (95% CI, 2.8 to 4.0 months) for docstaxel
(Plg 2A), but this difference was not significant (FIR, 1.22; 95% CI,
0.97 to 1,55; P = .09). At data cutoff (January 17, 2013) with median

Tablo 1, Pationt Demogrephics and Glinical Characteristics for All follow-txp of 8,9 months, 141 patients (94.0%) in'‘the erlotin ib_group
Study Pationts : -and 138 patients (91.4%) in the docetaxel group experienced disease -
Erlotinib Docetaxel
{n = 150) {n=161}
Demographic or Clinigal No. of No of .
Characteristic Patients % %
' é 104 “v< Eqlotinib (n = 150); mediin, 2.0 months
g . = Dugstaxet (n = 151); median, 3.2 month
Age, years g 0.8+ HR, 1.22; 95% CI, 0,97 to 1.65; Log-rank P= .09
Madmn 67 UJ =
. 3.8 06
Rénge 31-85 fol =t
sl &5
8 o b4
2 g2
(2]
e ooy
o ) T T Tpe— us T 1 r T T
: 0 4 8 12 1 20 24 28 32 36 40
Nostik 1ime Since Random Assignment (months)
Edotinib 160 29 8 2 1
Docataxel 151 28 8 ) [}
4§ Histelogy B
arcip 10 69.3 3 68.2 .
g«de“mmmq;m L 123 155 ng 912 1.0 = Exlofirll {n = 160); medlan, 14.8 months
>qUanious ceit carcinoma -3 S ) = Docetaxs) {n = 151); median, 12,2 months
Othérs ‘ 17 1.3 18 10,6 e . o .
TR . ; ; — 0.8 4 By HR, 0.97; 85% G, 0.68 10 1,22; Log-rank P=.53
; = !
P .
" =
gg 0.6-
h . f?' g .
Second-line treatment . 18.3 21 138 'é = 0.4
Platinim doublet 19 12,7 9 8.0 ¢ o
Platinum doublet + bevacizumab 3 2.0 3 2.0 © 0-24
9 .
T T T T T T N T T T
o 4 8 12 16 20 24 28 32 36 40
No. at sk Time Since Random Assignment {months)
Erlotinib 150 80 41 17 B
. & St Dogetaxel 151 84 38 19 4
| -Abbreviation: EGFR, epidermal growth factor receptor. Fig 2, {A) Progression-free survival {all patients). {B} Ovérall survival {alt patients), 3
HR, hazard ratla, 3
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Subgroup Hazard Ratio 85% Cl
Al patients — 1.22 0.97 to 1.55
8ax
‘Female A 4 , 1:15 A.72 1o 1.85
Male Y 1.30 09810 1.71
‘Age, years ) ’
<70 G 1.33 0.98tc 1.81
270 — Yt 103 - 0710149 '
‘Stage ] )
His L3 1.05 0.61 to .81
P SW B @ 1.25 « 09610163 Fig 3, Progresston-jreé survival In clinicat
3 . o subgroups fall patients). PS, perfo
o —te— 123 0.88t0 172 smﬂs s fll p » perlomnance
12 —_ 127 08110 1,78
Smicking status \
Ever smoker S e 1.20 09110 1.56
‘Naver smokec — G 1.37 0.83102.23
Hsstology
Adenocarcinorma SR B 1,14 0.85 10 1.52
Nonadenocarcmoma —_— 1.60 1,05 to 243
0.5 1 2 :
< Favors arlotinib [ fFavq_rg dqcezaxe{>
~

progression or death. The median OS tiine was.14,8 rmonths (95% CI,
9.0t019.4 months) for exlotiniband 12.2 months (95%Cl,9.0t0 15,5
months) for dat axcl {(HR, 0.91; 95% CL 0:68 to'1.22; P = 53; Fig
**2B), The nurnber of patiénts with tumot responise was similar in both
i ‘groups; 25 patients (17,0%; 95% CI; 113% to 24.1%) responded in
theerlotinib group, and 26 patients (17.9%; 95% CI, 12.1% to 25.29%)

.’ 'responded in the docetaxel group (P = :88). A complete response was

- reported in the edlotinib group in one patiént with unknown EGFR

‘stattis, As shown in Figdre 3, subgroup analyses for PES revealed that
‘theré was xio significant difference between the two drugs, with the
exception of nonadenocarcinoma histology (HR, 1.60; 95% CI, 1.05
to 2:43; P = .03), All factors nwngncaﬂy favored docetaxél. ,

PFS, OS, and Response Rate in EGFR Wt!d-Type and
Mutant Tumors
EGER status wags deterniined in 255 (84.7%) of 301 patients,
including 199 patients with wild-type EGFR NSCLC and 51 patients
with active mutant EGFR NSCLC. The inferaction term between
érit and EGFR mutation status was significant for PFS but not
“for'0S (P = ,03 and P = .20, respectively). In patients with EGER
wild-type disease, there was no significant difference.between the
~erlotinib and docetaxel groups regarding sex (men and wothen: 85
Jand24¥ i68and 22patsents respecﬁvely P= 74), age (mediandge, 68
.67 years, respecnve[y' P = 96),PS (0, 1, and 2: 52, 52, and fvey 38,
" 49, anid three patients; respecuveljr P = .66), histology (adenocarm~
~noma and nonadenocarcinoma: 72 and 37 v 58 and 32 ‘patierits,
'_?__espectwely* P = 88), stage (IB and IV: 26 and 83 v 20 and 70
patients, respectively; P =..87), and smoking status {ever-smoker and
. ‘never-smoker: 87 and 22 v 76 and 14 patieits, respecuvel}’“P 46).In
‘patients with EGFR wiild-type turnors, the' docetaxel group had a
: (sxgmﬁcantiylongerPFS (2.9 months; 95% CI, 2.1t0 3.3 mionths) than
ithe exlotinib group (1.3 months; 95% CI, 1.1t02.0 months; Fig4A). A
o suppomve Cox analysis with stratification factors confirmed the sig-
nificant dJﬂ’erence (adjusted HR, 1.57; 95% CI, 1.18 t6 2.11; P < .01).

Howevet, the difference in OS was not statistically significant, The
median OS was 9,0 months (95% Cl, 7.8 to 14.5 months) in the
etlotinib group compared with 10.1 months (95% CI, 7.3 to 124
months) in the docetaxel group (2 = :91; Fig 4B). In terms of tumor
response, six patients (5.6%; 95% CI, 2.1% to 11.9%) responded to
etlotinib, 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 medzan 08
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 PES (Fig 4C) and OS (Pig 4D)
were not stanstxcally 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 Ieukopema,
neutropenia, and febrile neutropenia were i gmﬁcanﬂy more frequent
with docetaxel compared with exlotinib (0.7% v 64.0%, 0.7% ¥ 80.0%,
and none v 15,3%, respectively; Table 2), Two paﬁents inthe etlotinib
group died of interstitial hang disease, and one patient in the docetixel
group died 25 a résult of infection.

Poststudy Treatment

The number of patients who received further treatmient was
similar in the two groups (P = 22), Sixty-one patients (42.3%) in
the erlotinib. group.recéived docetaxel, and 55 patients (37,9%) in
the docetaxel group ; received EGFR-TKIs. Othér drugs were ad-
mm:stered to 45 patxents (Sl 3%) in the erlotmlb group and 41
‘ttcn, no dnffetence n08 was observed. between the erlotmxb and
docetaxel arms when compating patienits who went on to receive
subsequenit chemotherapy (HIR, 0.96; 95% CI, 0.62 to 1,49, P.= .84}, .

© 2014 by Ammericar Sociaty of Clinica] Oncaldgy. -

1905 0l



Kawaguchi et a}
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HR, 0.98; 95% Cl, 0.69 to 1.39; Log-rank P= .91
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0,6

0.4

Overall Survival
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0.2 5

0 4 8 12 16 20 24 328 32 36 40
Time Since Random Assignment {months})

No, at risk
Erlotinib 109 48 20 6 2
Dacetaxal 80 43 14 ] 2
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0.8
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Overall Survival
{proportion)

0.4+ == Erfotinib {n = 21}; medlan, not rosched
w Docatexs! {n o 30); medlan, 27.8 months
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Fig 4. (A) Progression-froe survival {PFS) In epldennal growth factor recepter {EGFA) wild-type tumors. (B} Overall survival {OS) in EGFR wild-type tumors, {C) PFS In
EGFR mutant tumors {exon 18 deletion or L85BR). (D) OS In EGFR mutant tumors {oxon 18 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

Table 2. Commeon Adverse Evenis
Al Grades Grade 3 or 4
Erdotinib {n = 150} Docetaxel (o = 160} Edotinib {n = 160) Docetaxel {n = 150)
Toxlcity No.of Pationts %  No,of Patients % P No.of Patients %  No, of Patients % P
.Regh.i. 4 bt - ST 4T <01 . : PR :
Nausea 50.0 <01
“Voiting”, =’ A PO LTI8T Y 080 e
Diarrhea 57 20.7 <01’
Faligug o7 Fople F ok 80 0 B33 RNV 4 S B
Anémia 120 X 840, <.01 -
“THoMmpoeytopiania = 7 7 12181, 7 17 2077 Tagt D820 % leat Ty
Leikopaniz 933 < 01
“Newtrofenla i} 6.1 T S e
Nelttropenic fever » .
ALY 35
PGS T 50 Ty
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etlotinib and docetaxel arms in patients who received any subse-
quent treatment (HR, 0.81;95% CI, 0.63 to 1.32; P = .62).

“This studyshowed thattherewasno significarit difference in PFS when
comparmg exlotinib versus docetaxel as second- or third-line treat-

“for an BGFR-nsélected population with NSCLC, In the pre-

E planned subgroup analysis, PBS and response rate were significantly

better with docetaxel than esdotinib in EGFR wild-fype tumots. In
contrast, patiénts with BGFR mutant tumiors showed longer PFS and

- 08 iri the erlotinib group than in the docetaxel group, although thes
differences did not feach statistical significance, possibly because of the
‘small sample size,

To date, five phase III trials have compared BGFR-TKI and
chemotherapy in patients with previously treated and EGFR-
unselected NSCLC%*#** INTEREST was the Jargest study and ex-
amined gefitinib versus docetaxel, but there was nb significant

’ _ difference between these two agents in'terms of median PFS (2.2v2.7

months, réspectively) and median OS (7.6 v.8.0 mmonths, respec-
tively).® This trend was also confirraed for Iapanese patients‘in the
V15-32 trial.® Other drugs examified included erlotinib versus peri-

etrexed by the Hellenic Oncology Research Group13 and erlotinib

versiis docetaxel]pemetrexed in the Tarcéva in Treatmient of Ad-
wanced NSCLG (TITAN) study, " and similar results were obtained;
there wasno difference in PES and OS between EGFR-TKI and chém-
otherapy. The findings of DELTA ate consistent with the results frari
these phase I trials in EGER-unselected patien ) NSCLC.
Therapy can niow be individualized based on thie miolecular pxo-
file of the tumor. Convmcmg evidence that BGER-TKTs have marked

- antitumor activity in patients with activating mutdtions of exons 19
1l -~ and 21 of the EGFR gene has accumulated."™'® This genotyping-
L fgmded treatment has been efféctive in clinical practice, Along with
“these achlevemmts, the role of BGPR-TKIs in patiénts with EGER
wild-type NSCLC has been discussed.'” Our prospéctively defitied

analyses included an examination of EGFR wild-type NSCLC, teveal-

’ ing 199 patients with wild-type EGFR disease (66.1%) among the 255
‘patients (84.7%) who were assessed for EGFR mutdtions, which is a
‘higher proportion thin that dssessed in previous studics. 118 The
‘present analysis showed that docetaxel was siiperior to erlottmb in
‘terins of PFS in the subset analysis for EGFR wild-type NSCLC. To
“date; three randomized studies hiave compared BEGFR-TKIsand chem-

otherapyfocusmg on wild-type EGER tumors, "8 However, our data

are inconsistent with the subset analyses of the INTEREST™ and

AN mals,“ both of which showed no sigriificant difference in PFS
paring EGER-TKIs and chemothempy Another recent
IT study, the Tarceva Italian: Lung Optnmzanon Trial
R),19 in which all the patients had EGFR wxld~type disease,
the'same resulfs as ou.rs ‘Because the sample sme of the four

lies raight partly be attributable to the methods used for BGER
'ysxs Forexample, INTEREST and TITAN used direct sequencing,
¢ TAILOR smdy used restriction fragment length polymor-
Sanger sequencmg DELTA adoptedhlghlysensmve PCR—

; cds to defect mutmons than direct sequencing, partic-
liagnostic tnmor samples 29 The response rates for EGFR-

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 (f0 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, thete were no dsfferences in
OS when comparing BGFR-TKI and chemothetapy 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 thait
docetaxel was better than erlotinib in terms of PES and OS. In the
DELTA study, approximately 40% of patients received cross-over
treatments, and other subsequent therapies were similarly delivered in
both groups. 'I‘herefore, unlike PES, OS may riot be affected bysubse-
quent therapies, In fact, we found a trend toward better OS in the
docstaxel groyp than in the erlotinib group in EGER wild-type
patients who recefved no subseguent chemotherapy in our subset
analysis. Given the active drugs available for poststudy chemother-
apy that might confer prolonged survival after progression, PFS
canbe a clmxcally relevant end point, and further research and
discussion are required. 2.2

The response rate of 20% in the docetaxel arm was higher and
hematologic toxicities were mote severe compared with the response
rate and hematologic toxicities seen in phase IiI trials in Western
counitries. There might be some ethnic differences in. eﬂ"lcacy' 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 systemn,
the PES and OS were longer and adverse effects of neutropenia and
aneiria were more severe in Japanese patients. Although 75 mg/m® of
docetaxel ismore commonly used in Western populations, the abso-
lutezesponse 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 imay
have been a result of the small sample size. Second, the trial was
nonblinded, and the primary enll point of PFS was asséssed by the
individual investigator at each nstitution. Therefore, cavtion should

‘be used when comparing our results with those of other stiidies in

which PFS was-centrally assessed.

In summary, the present smdy showed no significant difference
in PFS-and OS when comparing docetaxel and ¢ilotinib in. EGER-
unselected patients with NSCLC. However, docetael was siaperior to
exlotinib in terms of PES anid response rate (but riot OS) in patients
with EGER wild-type disease.
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epidermal growth factor receptor (EGER): also
known as HER1, Belongs to a family of zeceptors (HER2, HER3,
HER4 are other mesmbers of the family) and binds to the EGF,
TGE-e, and other related proteins, leading to the generation of
prollferatxva and survival signals within the cell, 1t also bglongs to
‘the Jafger family of tyrosine kinase receplors and is generally
“overexpressed in several solid tumors of epithelial origin.

l“ﬂn

erlotinib: also laiown as Taiceva (Getienteéh, South San Francisco,

). Brlotinib is @ small mofecule that inkibits the tyrosing kiriase activ--
ity of epiderinal growth factor receptor/HER1 and has been evaluated.
extensively in clinical trials in patients with non-small-cell lung cancer,
pancteatic cancer, and gligblastoma multiforme.
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Objective: Several clinical studies have demonstrated the efficacy and safety of adjuvant
chemotherapy in patients with completely resected small cell lung cancer for a selected limited
stage. However, it is unclear whether adjuvant chemotherapy is feasible in clinical practice. The
objective of this study was to analyze the efficacy and safety of adjuvant chemotherapy for
small cell lung cancer patients retrospectively in clinical practice.

Methods: From January 2002 to March 2012, 56 small cell lung cancer patients underwent
surgery as initial therapy in our institute. Of these, 26 patients received adjuvant chemotherapy.
The clinical data of patients who received adjuvant chemotherapy were retrospectively
analyzed.

Results: The chemotherapy regimens were cisplatin and irinotecan in 16 patients, cisplatin and
etoposide in 1 and carboplatin and etoposide in 9. Median follow-up time was 44.8 months.
Nineteen (73%) patients received the full course of chemotherapy. Median recurrence-free sur-
vival was 21.4 months. Median survival time was not reached. There was no treatment-related
death.

Conclusion: Adjuvant chemotherapy may be generally safe and efficacious in selected small
cell lung cancer patients.

Key words: small cell lung cancer — surgery — adjuvant chemotherapy

INTRODUCTION additional chemotherapy after surgery in clinical practice to

Small cell lung cancer (SCLC) accounts for approximately
15% of lung cancers. It is a virulent, rapidly growing, early
metastasizing and invasive cancer. At diagnosis, approxi-
mately 90% of patients with SCLC already have regional or
distant spread (1). Furthermore, it is difficult to diagnose SCLC
presenting as a solitary small nodule of the lung by transbron-
chial lung biopsy. As a result, SCLC presenting as a solitary
small nodule is often diagnosed at the time of therapeutic
surgical resection. In these cases, we commonly administer

control micro metastases. A previous clinical study, case
series and a meta-analysis showed that adjuvant chemotherapy
might be feasible and reduce the risk of recurrence in SCLC
patients (2—4). In addition, Tsuchiya et al. (5) reported that
surgical resection followed by cisplatin and etoposide chemo-
therapy was feasible. The European Society for Medical
Oncology (ESMO) and American College of Chest Physicians
(ACCP) guidelines recommend adjuvant chemotherapy for
SCLC patients. However, it was unclear that adjuvant

© The Author 2014. Published by Oxford University Press. All rights reserved.
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836 Adjuvant chemotherapy for SCLC

chemotherapy for SCLC patients was efficacy and safety in clin-
ical practice. Therefore, the efficacy and safety of adjuvant
chemotherapy for SCLC patients were retrospectively analyzed.

PATIENTS AND METHODS

The current study included 56 consecutive patients with his-
tologically proven SCLC who underwent complete resection
at the National Cancer Center Hospital (NCCH) from January
2002 to March 2012. The medical records of SCLC patients
who received adjuvant chemotherapy were retrospectively
reviewed. Patients who had post-operative recurrence before
starting adjuvant chemotherapy, patients who had difficulty
with adjuvant chemotherapy due to complications, and
patients who refused were excluded. No patients had received
any treatment such as chemotherapy or irradiation before
surgery. Histological diagnoses and tumor grades were deter-
mined in accordance with TNM staging (seventh edition) (6).
The following data were extracted: (1) patients’ characteristics:
age, sex and Eastern Cooperative Oncology Group Performance
Status (ECOG PS) at the start of adjuvant chemotherapy, clin-
ical stage before surgery, pathological stage after surgery and
histological diagnosis before and after surgery; (ii) type of
chemotherapeutic agents administered, dose, treatment cycle,
relative dose intensity and toxicity; and (iii) patterns of recur-
rence, recurrence-free survival time (RFS) and overall sur-
vival time (OS) data. All the patients gave their written
informed consent to analyze their medical records after treat-
ments. This study was approved by the Institutional Review
Board of NCCH.

TREATMENT SCHEDULE

The chemotherapy regimens were cisplatin and irinotecan
(IP), cisplatin and etoposide (EP) and carboplatin and etopo-
side (CE). The doses of the chemotherapeutic agents were:
cisplatin (60 mg/m? on Day 1) and irinotecan (60 mg/m* on
Days 1, 8 and 15) repeated every 4 weeks; cisplatin (80 mg/m*
on Day 1) and etoposide (100 mg/m? on Days 1—3) repeated
every 3 weeks; and carboplatin (AUC = 5 on Day 1) and eto-
poside (80 mg/m? on Days 1—3) repeated every 3 weeks. All
regimens consisted of a total of four cycles. The efficacy and
safety of each regimen has been established in previous clinic-
al trials (5,7,8).

ASSESSMENT AND ANALYSIS

Safety and tolerability were assessed during the adjuvant
chemotherapy. Adverse events were graded according to the
NCI Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0. RFS and OS were measured from the
date of surgery until recurrence and death or the final day of
the follow-up period, and median survival was calculated using
the Kaplan—Meier method. STATA version 12 (StataCorp LP,
College Station, TX, USA) was used for all analyses.

Table 1. Patients’ characteristics

Characteristic N

Twenty-six patients received adjuvant chemotherapy

Total 26
Sex
Male/female 19/7
Age
Median (range) 67 (46—-84)
ECOG PS
0/1 21/5

Clinical stage

I (TINOMO/T2aNOMO) 22 (17/5)
I (TINIMO/T2aN1MO/T3NOMO) 4(1/72/1)
m o
Pathological stage
I (TINOMO/T2aNOMO) 10 (6/4)
II (T2bNOMO/TINIMO/T2NIMO/T3NOMO) 9 (1/2/4/2)
I (TIN2MO/T2N2MO/T3N2MO0) 7 (4/2/1)
Pathological histology
Small cell carcinoma 18
Combined small cell carcinoma
With adenocarcinoma 4
With large cell carcinoma 4
Thirty patients received surgery alone
Total 30
Sex
Male/female 25/5
Age
Median (range) 71(57-89)
ECOGPS
0/1 13/17
Clinical stage
I (TINOMO0/T2aNOMO) 25 (21/4)
I (TINIMO/T2N1MO) 4(2/2)
I (T3NIMO) (1)
Pathological stage
I (TINOMO/T2aNOMO) 18 (15/3)
II (TINIMO/T2N1IMO/T3NOMO) 7(3/2/2)

I (TIN2MO/T2N2MO/T3N2MO0/T4N2MO/T3N3MO)
Pathological histology

5 (/1111

Small cell carcinoma 19
Combined small cell carcinoma

With adenocarcinoma

With large cell carcinoma

With squamous cell carcinoma 3

ECOG PS, Eastern Cooperative Oncology Group Performance Status; N, number of
patients.
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RESULTS
PATIENT CHARACTERISTICS

A total of 56 consecutive patients with SCLC were sampled
from the hospital-based registry of the NCCH between
January 2002 and March 2012. The characteristics of the
patients are listed in Table 1. All patients underwent surgery
as initial treatment. The surgical procedures were pulmonary
lobectomy in 55 patients and partial resection in one patient.
Thirty patients were excluded for reasons such as death not
relevant to surgery (n = 1), early post-operative recurrence
(n = 2), thoracic empyema after surgery to need antibiotics
for long periods (n = 2), severe complications (n = 4) and
poor general condition including old age (n = 5) (Fig. 1). Asa
result, 26 patients who received adjuvant chemotherapy were
reviewed in this study.

DiscreraNCY BETWEEN CLINICAL AND PATHOLOGICAL
HistoLoGY FINDINGS AND STAGES

Only 9 patients had a confirmed diagnosis of SCLC and 13
patients did not have a confirmed diagnosis before surgery. On
the other hand, in four patients, the confirmed diagnosis was
changed to SCLC. Their pre-operative diagnoses included one
adenocarcinoma, one squamous cell carcinoma, one large cell
carcinoma and one carcinoma not otherwise specified, respect-
ively. As a consequence of surgery, combined SCLC types with
adenocarcinoma or squamous cell carcinoma were found in
8 (30.8%) patients. Twenty-two patients had pre-operative clin-
ical Stage I disease and four had Stage II disease. However,

Jpn J Clin Oncol 2014;44(9) 837

post-operative pathological Stage I, Il and III disease was found
in 10, 9 and 7 patients, respectively (Table 1).

CHEMOTHERAPY REGIMENS

The chemotherapy regimen was selected by each physician.
Sixteen patients received IP, one received EP and nine received
CE (Table 2). The median age of the patients who received IP
was 65 years (range, 47—72 years), while that of patients who
received CE was 75 years (range, 62—84 years). Most patients
who were 70 years of age or older received CE (88.9%).

TREATMENT DELIVERY AND RELATIVE DOSE INTENSITY

The median duration from surgery to starting chemotherapy
was 51 days (range, 26—78 days). Table 3 shows treatment de-
livery for each regimen. Nineteen (73%) patients received
four cycles of chemotherapy. Seven (27%) patients did not

Table 2. Regimen selected

Number of patients Median age (range) ECOG PS 0/1 (V)
P 16 65 (47-72) 10/6
EP 1 46 1/0
CE 9 75 (62—84) 4/5

IP, cisplatin and irinotecan; EP, cisplatin and etoposide; CE, carboplatin

Fifty-six patients diagnosed

(/Thirty patients excluded

and etoposide.

pathologically as having SCLC after surgery
from January 2002 to March 2012 Death not relevantto surgery n=1
Early post-operative recurrence n=32
Thoracic empyema after surgery n=2
Adjuvantchemotherapy
at another hospital n=2
Follow-up at anather hospital n=3
Severe complications n=4
Twenty-six patients received Old age, poor condition n=5
adjuvantchemotherapy at NCCH Patient’s choice n=8
\ Unspecified reasons n=3 /
r ™ 4 ’ N /7 i ™
CODP+ CPT-11 n=16 CDDP + ETP n=1 CBDCA + ETP n=9
+No recurrence n=10 *No recurrence n=1 No recurrence n=4
*Racurrence n= 6 *Recurrence n=5
. " w, . . S A . /
7 "\ 4 ™~ ™
*Alive n=38 «Alive n=1 *Alive n=3
«Died n=35 *Died n=0 «Died n=3
sLost follow-up n=3 +Lost follow-up n=0 sLost follow-up n=3
\.. w, \ J A v,

Figure 1. Follow-up of the study patients by treatment group after surgery.
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complete the initially planned chemotherapy because of
adverse events (AE). The relative dose intensity was 83.6% in
IP, 87.5% in EP, and 86.8% in CE.

SAFETY ANALYSIS

Chemotherapy-related toxicity is shown in Table 4. Grade 4
AEs were found in 14 (53.8%) patients: neutropenia in 11
patients, thrombocytopenia in 2 patients and febrile neutropenia
in 1 patient. Adjuvant chemotherapy for completely resected
SCLC patients was feasible. All AEs were manageable, and
there was no treatment-related death. We had to stop or change
chemotherapy regimens due to AEs in four patients received
IP and three patients received CE. In IP, two patients were
changed to EP due to hepatic toxicity, one patient was changed
to CE due to kidney failure and one patient could not continue
to receive chemotherapy due to brain bleeding. In CE, all three
patients discontinued chemotherapy due to fatigue and allergy.
These three patients were over the age of 70 years (Table 3).

EFricacy ANALYSIS

Of the 26 patients, 18 (69.2%) were still alive after the median
follow-up of 44.8 months (range, 2.8—78.1 months). The

Table 3. Treatment delivery

Number of 1P EP CE Total
treatment cycles (N=16) (N=1) (N=9) (N=26)
4 12 (75%) 1 (100%) 6 (67%) 19 (73%)
3 - - 1(11%) 1 (4%)
2 - - 1(11%) 1 (4%)
1 4(25%) - 1(11%) 5(19%)
Table 4. Chemotherapy-related toxicity by CTC-AE ver. 4.0

Grade
Toxicity 1 2 3 4 3/4
Anemia 10 3 2 0 2(8)
Neutropenia 1 0 3 11 14 (54)
Febrile neutropenia 0 0 2 1 3(12)
Thrombocytopenia 1 3 3 2 5(19)
Nausea 12 3 1 0 1(4)
Appetite loss 11 5 0 0 0(0)
Diarrhea 7 5 1 0 14
Fatigue 8 2 1 0 14)
Hepatic dysfunction 1 0 2 0 2(8)
Renal failure 1 1 0 0 0(0)

Values are N (%).

median RFS of all patients was 21.4 months (95% CI: 14.6—
41.3 months); the median RFS was 17.8 months (95% CI:
12.8—46.5 months) with IP and 23.0 months with CE (95%
CI: 10.2-61.9 months) (Fig. 2A). The median survival time
of all patients could not be calculated due to the insufficient
follow-up time. The estimated 3-year and 5-year survivals
were 68.9% (95% CI: 42.3—84.6%) and 51.7% (95% CI:
24.0—~73.2%), respectively (Fig. 2B). On the other hand, the
estimated 3-year and 5-year survivals of 30 patients received
surgery alone were 60.5% (95% CI: 39.9—-76.0%) and 45.4%
(95% CI: 25.0—63.8%), respectively.

PATTERNS OF RECURRENCE

Recurrence was confirmed in 10 (38.5%) patients, and the initial
recurrence site was mediastinal lymph nodes in three patients,
lung in three, bone in three and abdominal lymph node in one.
Recurrence was found in two patients with pathological Stage I,
four patients with Stage II, and four patients with Stage IIIA.

DISCUSSION

Although the standard treatment for most cases of limited
SCLC is considered to be chemoradiotherapy, clinical T1 and
T2 SCLC without evidence of lymph node involvement (NO)
can be considered for surgical resection. Previous reports sug-
gested that these selected patients might benefit from surgery
expecting radical cure (9—11). In addition, combination
surgery and adjuvant chemotherapy or post-operative irradi-
ation has a 5-year survival of approximately 40—70% (2—3).
However, it is difficult to diagnose T1 and T2 SCLC present-
ing as a solitary pulmonary nodule prior to surgery despite de-
velopment of less invasive diagnostic methods such as
transbronchial lung biopsy, endobronchial ultrasonography
and CT-guided lung biopsy (12). As a result, SCLC presenting
as a solitary pulmonary nodule is often diagnosed at the time
of therapeutic resection. In the present analysis, 13 patients
underwent surgery with uncertain pathological diagnoses.
Furthermore, four patients had a diagnosis of NSCLC before
surgery. According to previous reports, approximately 5—10%
of patients diagnosed with SCLC will have other pathologies
such as adenocarcinoma or squamous cell carcinoma within
the surgically resected specimens (13,14). As a consequence
of surgery, combined SCLC types with adenocarcinoma or
squamous cell carcinoma were found in 8 (30.8%) patients.
We have no defined treatment strategy for combined SCLC
(containing any other NSCLC component). However, it has
been reported that there is no difference in the prognosis
between SCLC and combined SCLC (15). In our perspective,
surgery would be the best treatment choice for early stage
combined SCLC.

There have been no Phase IlI trials of adjuvant chemotherapy
for SCLC. A previous clinical study, a case series, and a
meta-analysis showed that adjuvant chemotherapy including cis-
platin may be feasible and reduce the risk of recurrence in SCLC
patients (2—4). The feasibility of EP after surgical resection has
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Figure 2. (A) Recurrence-free survival among the study patients. Kaplan—Meier curves for recurrence-free survival are shown for the recurrence-free survival
population. (B) Overall survival among the study patients. Kaplan—Meier curves for overall survival are shown for the overall survival population.

been reported from Japan (2,5). Therefore, it remains unclear
which regimen is appropriate. According to previous clinical
trials of extensive disease-SCLC (7,8), EP, IP and CE were
selected for adjuvant chemotherapy regimens. In the present
analysis, the choice of regimen was left to the physician by refer-
ence to previous clinical trials (5,7,8). Regarding efficacy, we
consider that IP and CE were not apparently inferior to EP in a
previous Phase II study (JCOG 9101) in which the estimated
3-year and 5-year survivals were 61 and 57%, respectively.

The CE regimen has been used in elderly or poor-risk
patients with extensive disease-SCLC (8). In the present ana-
lysis, CE had acceptable toxicities and reproducible efficacy
in this population. In the period of the present analysis,
surgery was performed as initial therapy for 56 SCLC patients
at the NCCH. Of these, 30 patients could not receive adjuvant
chemotherapy for any reason. Therefore, those who received
surgery and adjuvant chemotherapy in this study were highly
selected. Thirty patients received surgery alone tended to be
in higher median age and in poor PS compared with these
received adjuvant chemotherapy. But, we could not show
clearly-defined cut-off line of adjuvant chemotherapy. It is the
limitation of this retrospective study.

A phase III trial of EP versus IP for adjuvant chemotherapy
(UMIN 000010298) is now ongoing in patients diagnosed
with high-grade pulmonary neuroendocrine carcinoma (large
cell neuroendocrine carcinoma and small cell lung cancer) by
the Japan Clinical Oncology Group (JCOG).

Adjuvant chemotherapy of selected SCLC patients may be
generally safe and efficacious. Further studies should be con-
sidered to evaluate the therapeutic possibility of adjuvant
chemotherapy in SCLC patients.
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Cyclooxygenase-2 inhibitors for non-small-cell lung cancer:
A phase II trial and literature review
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Abstract. Several preclinical and clinical studies have demon-
strated that cyclooxygenase-2 (COX-2) inhibitors are efficient
for the treatment of non-small-cell lung cancer (NSCLC).
However, two recent phase III clinical trials using COX-2
inhibitors in combination with platinum-based chemotherapy
failed to demonstrate a survival benefit. Thus, validation
and discussion regarding the usefulness of COX-2 inhibi-
tors for patients with NSCLC are required. We conducted
a prospective trial using COX-2 inhibitors for the treatment
of 50 NSCLC patients accrued between April, 2005 and
July, 2006. Patients with untreated advanced NSCLC received
oral meloxicam (150 mg daily), carboplatin (area under the
curve = 5 mg/ml x min on day 1) and docetaxel (60 mg/m? on
day 1) every 3 weeks. The primary endpoint was response rate.
The response and disease control rates were 36.0 and 76.0%,
respectively. The time-to-progression (TTP) and overall
survival (OS) were 5.7 months [95% confidence interval
(CI): 4.6-6.7] and 13.7 months (95% CI: 11.4-15.9), respectively.
The l-year survival ratio was 56.0%. Grade 3 neuropathy was
observed in only 1 patient. We performed tumor immunohisto-
chemistry for COX-2 and p27 and investigated the correlation
between their expression and clinical outcome. COX-2 expres-
sion in the tumor tended to correlate with a higher response
rate (50.0% in the high- and 18.2% in the low-COX-2 group;
P=0.092). Based on our results and previous reports, various
trial designs, such as the prospective use of COX-2 inhibitors

Correspondence to: Dr Hiroshi Yokouchi, Department of
Pulmonary Medicine, FukushimaMedical University, 1 Hikariga-oka,
Fukushima 960-1295, Japan
E-mail: yokouchi@fmu.ac.jp

Key words: non-small-cell lung cancer, cyclooxygenase-2, p27,
carboplatin, docetaxel

only for patients with COX-2-positive NSCLC, including the
exploratory analysis of biomarkers associated with the COX-2
pathway, may be worth further consideration.

Introduction

Cyclooxygenase-2 (COX-2), the enzyme that converts arachi-
donic acid to prostaglandins (PGs), is expressed in a number
of solid tumors and is associated with carcinogenesis, tumor
proliferation, infiltration, metastasis, angiogenesis and resis-
tance to anticancer drugs (1). In lung cancer cells, COX-2,
which is particularly overexpressed in adenocarcinoma (2),
is considered to be a negative predictor of survival in this
subpopulation (3-7). Based on these reports, several clinical
trials have been conducted for the potentiation of targeting
COX-2 in lung cancer (8).

The cyclin-dependent kinase (Cdk) inhibitor p27 plays a
critical role in cell cycle regulation from the G1 to the S phase
by inhibiting Cdk4/6-cyclin D1 and Cdk2-cyclin E (9). Loss
of p27 expression tends to be an unfavorable prognostic factor
in patients with non-small-cell lung cancer (NSCLC) (10).
Increased p27 expression is attributed to COX-2-independent
mechanisms of GO/GI arrest driven by COX-2 inhibitors (11).
Thus, p27 expression may be another predictive factor of the
response to COX-2 inhibitors.

Taxanes, such as paclitaxel and docetaxel, are microtu-
bule-stabilizing agents that act by interfering with spindle
microtubule dynamics, causing cell cycle arrest and apoptosis
through activating a number of molecular pathways (12,13).
Taxanes are able to drive COX-2 expression, which is followed
by increased prostaglandin E, (PGE,) production (14); there-
fore, a complementary and additive or synergistic effect with
COX-2 inhibitors may be expected. Moreover, the response to
carboplatin plus docetaxel in Asian patients was reported to be
statistically superior to that in Caucasian patients (15).

Based on the abovementioned findings, we projected a
prospective phase 1I trial using carboplatin, docetaxel and a
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Figure 1. Representative immunohistochemical staining of (A-D) cyclooxygenase-2 and (E-H) p27 in lung cancer tissues obtained from the patients in this
study. (A and E) 0, no expression; (B and F) 1+, weak expression; (C and G) 2+, moderate expression; and (D and H) 3+, strong expression. Scale bars, 250 ym.

selective COX-2 inhibitor for patients with advanced NSCLC.
We also investigated the p27 and COX-2 expression levels in
the tumors, so as to determine the correlation between these
molecules and the clinical outcome of the combined treatment.

Materials and methods

Patient characteristics. The eligibility criteria included histo-
logically or cytologically confirmed stage IIIB/IV NSCLC, a
patient age of 20-75 years and a life expectancy of >3 months.
The patients had measurable disease according to the Response
Evaluation Criteria in Solid Tumors, version 1.0, had received
no prior chemotherapy or radiotherapy for target lesions and
had an Eastern Cooperative Oncology Group (ECOGQG) perfor-
mance status (PS) of 0 or 1. The required laboratory criteria
were white blood cell (WBC) count >4,000/mm?, neutrophil
count >2,000/mm?3, platelet count >100,000/mm?, hemo-
globin >9.0 g/dl, aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) <1.5-fold of the upper limit of the
normal range (ULN), total bilirubin <1.5 mg/dl and creatinine
clearance (CCr) >50 ml/min. The exclusion criteria were active
infection or fibrosis on chest X-ray, significant cardiovascular
disease, uncontrolled diabetes mellitus or hypertension,
peripheral nervous disorders of grade =2 according to the
Common Terminology Criteria for Adverse Events (CTCAE),
version 3.0, active secondary malignancy, central nervous
system symptoms due to metastasis, uncontrolled pleural or
pericardial effusion, history of severe drug hypersensitivity,
recent or current use of non-steroidal anti-inflammatory drugs,
pregnancy, or patients deemed inappropriate for the study by
the participating physicians.

This study was performed in accordance with the
Declaration of Helsinki and all the patients signed an informed
consent prior to inclusion. The study protocol was approved by
the Institutional Review Board of each participating institution.

Study design and treatment protocol. This was a single-arm
prospective phase II study. The dose of carboplatin was
determined using the Calvert formula with a target area
under the curve (AUC) of 5 mg/ml x min. All the patients
received docetaxel (60 mg/m?) and carboplatin at an AUC of
5mg/ml x minonday 1 every 3 weeks. Oral meloxicam at a dose
of 10 mg daily was administered on days 1-21. We investigated
p27 and COX-2 expression levels in tumors by immunohisto-
chemistry (IHC). Dose reduction was permitted in the case of
grade 4 neutropenia for 3 consecutive days, febrile neutropenia,
or patient-physician's decision. The next course of chemo-
therapy was postponed in case of bone marrow suppression
(WBC count <3,000/mm?, or neutrophil count <1,500/mm?, or
platelet count <100,000/mm?), non-hematological events (total
bilirubin >1.5 mg/dl, AST >1.5 x ULN, ALT >1.5 x ULN, or
CCr <50 ml/min) and any non-hematological grade 2 adverse
events. The clinical, hematological and biochemical status was
assessed on days 1,8 and 15 in all the courses. Chest radiographs
and computed tomography were performed at least once per
month. The toxicities were graded using CTCAE, version 3.0.

IHC.THC was centrally performed at SRL, Inc. (Tokyo, Japan).
First, 5-um sections of the specimens were deparaffinized and
hydrated. For antigen retrieval, the slides were microwaved
4 times in 1 mM EDTA (pH 8.0) for 5 min. For COX-2 detec-
tion, staining was performed on an automated immunostainer
(Ventana NX system; Ventana Medical Systems, Inc., Tucson,
AZ,USA). The Endogenous Biotin Blocking kit (Ventana) was
used to reduce non-specific staining caused by endogenous
biotin present in the tissues. Subsequently, primary antibody
(C295; anti-human COX-2 rabbit IgG polyclonal antibody; IBL
Co., Ltd., Nagoya, Japan) diluted 1:25 was used for 30 min at
37°C, followed by biotinylated goat anti-rabbit immunoglobu-
lins (E0432; Dako, Glostrup, Denmark) diluted 1:500 and the
3-3'-diaminobenzidine tetrahydrochloride (DAB) kit (Ventana).
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The sections were then counterstained with hematoxylin
for 1 min. For p27 detection, following antigen retrieval as
described above, endogenous peroxidase activity was blocked
by 3% hydrogen peroxidase in phosphate-buffered saline (PBS)
for 10 min. The sections were washed in water. After blocking
non-specific binding with 10% porcine serum in PBS for
10 min, the sections were incubated with the primary antibody
(F-8; anti-human p27 mouse IgG1 monoclonal antibody; Santa
Cruz, Dallas, TX, USA) diluted 1:50 in a humid chamber at 4°C
overnight. After washing with water, the sections were incu-
bated with biotinylated rabbit anti-mouse immunoglobulins
(E0464) (dilution, 1:500; Dako, Glostrup, Denmark) for 30 min
at room temperature, washed in water again and then incubated
with peroxidase-conjugated streptavidin (dilution, 1:500; Dako)
for 30 min at room temperature. Following an additional wash
in water, DAB was applied for 5 min and the sections were
counterstained with hematoxylin for 1 min.

All the slides were reviewed by two pulmonary oncolo-
gists who were blinded to the clinical information. The slides
were scored in a method similar to that previously described
(weighted index) (16,17). Five random fields per slide at x200
magnification were evaluated to determine the ratio (%) of
stained cells and intensity. The estimated ratios of stained
cells were between 0% (0) and 100% (1.0), with intervals at a
10% grade. Intensity was scored using a numerical scale (0, no
expression; 1+, weak expression; 2+, moderate expression; and
3+, strong expression, Fig. 1). The index (0-3) was calculated
as % positive staining x intensity score.

Statistical analysis. The primary endpoint was overall response
rate (ORR), defined as the proportion of patients whose best
response was either complete or partial response (PR) in the
intent-to-treat (ITT) analysis. Assuming that an ORR of 45.0%
in eligible patients would indicate potential usefulness, whereas
an ORR of 25.0% would be the lower limit of interest, with
0=0.05 and $=0.20, 45 patients were required. The secondary
endpoints were safety, time-to-progression (TTP), overall
survival (OS), OS rate at 1 year and correlation between OS
and the expression level of COX-2 and p27. The TTP and OS
were estimated using the Kaplan-Meier method. Log-rank tests
were used to evaluate the differences in TTP and OS between
patients with positive and those with negative COX-2 and p27
expression, as determined by IHC. The association between
the protein levels of COX-2 and p27 was evaluated using the
Pearson's product-moment correlation coefficient. The corre-
lation between COX-2 and p27 expression and the response
rate was evaluated using the Fisher's exact probability test.
The statistical analysis was performed using SPSS software,
version 20 (IBM Corporation, Armonk, NY, USA). P<0.05 was
considered to indicate statistically significant differences.

Results

Patient characteristics. Between April, 2005 and July, 2006,
50 NSCLC patients were enrolled from 5 institutions. The
patients' baseline characteristics are summarized in Table I.
The median age was 65 years (range, 44-78 years), 17 patients
were female and 24 had an ECOG PS of 1. One patient did not
undergo treatment, due to disease progression after registration.
The median number of treatment courses was 3 (range, 0-6).

MOLECULAR AND CLINICAL ONCOLOGY 2: 744-750

Table 1. Patient characteristics.

Patients (n=50)

Characteristics No. %
Age, years [median (range)] 65 (44-78)
Gender
Female 17 34.0
Male 33 66.0
ECOG PS
0 24 48.0
1 26 52.0
Histology
Adenocarcinoma 29 58.0
Squamous cell carcinoma 18 36.0
Large-cell carcinoma 2 4.0
Adenosquamous cell carcinoma 1 2.0
Clinical stage (TNM, version 6)
1A 1 20
I11B 15 30.0
1A% 32 64.0
Postoperative recurrence 2 4.0
Courses of chemotherapy
0 1 2.0
1 10.0
2 11 22.0
3 18.0
4 19 38.0
5 3 6.0
6 2 4.0

ECOG PS, Eastern Cooperative Oncology Group performance status;
TNM, tumor-node-metastasis.
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Figure 2. Waterfall plot for the extent of tumor shrinkage. The asterisks rep-
resent patients exhibiting a partial response.

Efficacy. A total of 49 patients were evaluable for response
to treatment. The majority of the patients achieved tumor
shrinkage (Fig. 2). According to the ITT analysis, the ORR
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Table II. Objective response (RECIST, version 1.0). Table II. Adverse events (CTCAE, version 3.0).
Type of response No. % Grade
Number of patients evaluated 50 100.0  Adverse events 1-2 (%) 3 (%) 4 (%)
Complete response 0 0.0 Leuk N 26.0 50.0 0
Partial response 18 360  -curopema ‘ ‘ :
Stable disease 20 400 Neutropenia 6.0 14.0 66.0
. . , Anemia 62.0 10.0 6.0
Progressive discase 9 18.0 N _ . 30.0 40 0.0
Not evaluable 3 6.0 T roimboc)topem'a . . .
R  (95% Cl 36.0 (24.1-49.9 Febrile neutropenia 0.0 6.0 2.0
esponse rate (95% CI) SO0 QAI-AD) 4y orexia 55.0 12.0 0.0
Disease control rate (95% CI) 76.0 (62.5-85.8) Nausca/vomiting 480 3.0 0.0
RECIST, Response Evaluation Criteria in Solid Tumors; CI, confi- Diarrhea 18.0 4.0 0.0
dence interval. Fever 28.0 4.0 0.0
Alopecia 44.0 2.0 0.0
Neuropathy 10.0 2.0 0.0
. Myopathy 00 2.0 0.0
was 36.0 (95% CI: 24.1-49.9) and the disease control rate Aneina pectoris 0.0 2.0 00
(DCR) was 76.0 (95% CI: 62.5-85.8) (Table II). The median = P ’ ’ ’
. Aphtha 16.0 0.0 0.0
follow-up time was 12.9 months (range, 2.1-26.2 months). ) 5
The TTP and OS were 5.7 months (95% Cl: 4.6-6.7) and ~ SXif fash 0 0.0 0.0
13.7 months (95% CI: 11.4-159), respectively (Fig. 3). The 0§~ Arthralgia 20 00 0.0
Thrombosis 20 0.0 0.0

rate at 1 year was 56.0%.

Safety. The incidence of treatment-related adverse events is
presented in Table III. The grade 3/4 hematological adverse
events were leukopenia (58.0%), neutropenia (80.0%), anemia
(16.0%), thrombocytopenia (4.0%) and febrile neutropenia
(8.0%). The grade 3/4 non-hematological toxicities were
anorexia (12.0%), nausea/vomiting (8.0%), diarrhea (4.0%),
fever (4.0%), alopecia (2.0%), neuropathy (2.0%) and myopathy
(2.0%). One patient (2.0%) had grade 3 angina pectoris: the
patient experienced chest pain on day 3 during the first course
of the treatment, which was relieved by immediate infusion
of heparin and coronary vasodilator for 6 days; however, the
patient's treatment was terminated. Another patient (2.0%)
suffered from febrile neutropenia and pneumonia followed
by septic shock, requiring treatment with antibiotics and
catecholamines on day 12 and developed deep vein thrombosis
(DVT) in the left leg on day 26 during the second course of the
treatment. The DVT was controlled using heparin followed by
warfarin; however, the treatment protocol was discontinued.

Association between expression of p27 and COX-2 and clinical
outcome. Tissue samples were obtained from 34 (68.0%) of the
50 patients. Of the 34 samples, 32 were considered adequate for
IHC. Of the 32 patients, 2 were not evaluable and one did not
undergo treatment after registration. The expression of COX-2
and p27 was tabulated with clinical outcome and cut-off points
were established by visual inspection of the data. We did not
identify a correlation between the weighted index of COX-2 and
that of p27. There was a trend of correlation between the level
of COX-2 expression and ORR (50.0% in the high- and 18.2%
in the low-COX-2 group; P=0.092) when the cut-off value of
the index was 0.2 (Table I'V). The level of p27 expression was
not associated with ORR (54.5% in the high- and 27.8% in the
low-p27 score group; P=0.24). The TTP and OS of the patients
with positive and negative COX-2 expression were estimated
by the Kaplan-Meier method; however there was no significant

CTCAE, Common Terminology Criteria for Adverse Events.

TableIV. Correlation between COX-2 expression and response.

COX-2 IHC index PR SD+PD Total
High 9 9 18
Low 2 9 11
Total 11 18 29

COX-2, cyclooxygenase-2; PR, partial response; SD, stable disease;
PD, progressive disease; IHC, immunohistochemistry.

difference between the two groups (TTP: 6.0 vs. 4.9 months,
P=0.357; and OS: 14.9 vs. 13.9 months; P=0.372, respectively).
There was also no significant difference in either TTP or
OS between patients whose tumors were positive and those
whose tumors were negative for p27 (TTP: 6.0 vs. 5.1 months,
P=0.613; and OS: 14.9 vs. 13.4 months, P=0.438, respectively).

Discussion

In this trial, we investigated the effectiveness and toxicity of
COX-2 inhibitors administered with carboplatin plus docetaxel
inJapanese NSCLC patients and the association between tumor
COX-2 and p27 expression and clinical outcome. There was a
trend of correlation between the level of COX-2 expression and
ORR. We first attempted to determine how p27 expression,
which involves COX-2-independent mechanisms of G0/G1
arrest driven by COX-2 inhibitors, affects patient survival. -
However, the results revealed no statistical correlation. The
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