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Table 1. Patients’ characteristics.

Table II. Overall response and survival daca.

Docetaxel + Paclitaxel +

carboplatin ¢ arboplatin
(%) %)
(n=060) (n=30)
Age (median) (years) 67.5 635
Male/female 43113 (78122) 2208 (73/27)

11749 (18/82)
19741 (32/68)
13/36/2/9
(22/60/3/15)
24/36 (40/60)
53/7 (38/12)
44/16 (73/27)
3(5)

5125 (17/83)
7723 (23777
10/17/073
(33/57/0/10)
10420 (33/67)
26/4 (87/13)
21/9 (70/30)
3310

Body weight loss>5% Yes /no
Performance status 0/1
Histology Sq/Ad/La/Other

Stage HIB/IYV

Natve/relapsed

L.DH Normal/abnormally high
Prior radiotherapy

Sq: Squamous cell carcinoma, Ad: adenocarcinoma, La: large cell
carcinoma, LDH: lactate dehydrogenuse.

or time to progression was 4.8, 5.8, and 4.5 months, and the
MST was 13.3, 14.1, and 12.3 months, respectively. These
results are similar to those of the present trial, obtaining a
PFS of 5.1 months and an MST of 15.6 months, and suggest
that Japanese patients have a good response to taxane-based
chemotherapy. C1236T polymorphism in the ATP-binding
cassette sub-family B member-1 (ABCBI) gene is
significantly related to docetaxel clearance (18). Gandara et
al. reported ethnic differences in the metabolism of taxanes
between American and Japanese patients with lung cancer in
a common-arm analysis of PCarbo, performed jointly in the
United States and Japan (19).

Differences in the allelic distribution of genes involved in
paclitaxel disposition or DNA repair [cytochrome P450 3A4
(CYP3A4Y*1B and excision repair cross-complementation
group 2 (ERC(CZ) K751Q] were observed between Japanese
and American patients. Resulting metabolic differences in
taxane metabolism may consequently contribute to better
outcomes in Asian patients with lung cancer who receive
taxanes.

In our study the dose of docetaxel was 60 mg/m? and that
of carboplatin was AUC 6 mg/ml min. This dose of docetaxel
is generally used in Japan to treat NSCLC. When combined
with cisplatin, the dose of docetaxel used in Japan may be
slightly lower the one that used in other countries (6).
However, the results of Japanese studies in terms of PFS or
overall survival are not inferior to those of studies performed
in other countries, where docetaxel is usually given at a dose
of 75 mg/m? (7). On the other hand, most Japanese studies
have used cisplatin at a dose of 80 mg/m?, which is slightly
higher than that used in other countries (75 mg/m?). The
modest differences in the doses of chemotherapeutic agents
may not have had a major influence on PFS or overall

Regimen Dacetaxel + Paclitaxel +
carboplatin carboplatin
Number of paticnts 60 30

Response rate (95%CD 23Y% (13-36%) 33% (17-33%)

Median PES (95% CI), months 48(39-.7.2) 5.1 {44-64)
PFS rate (90% Chy* 42% (31-52) 40% (25-34)
HR (95% CD 0.86 (0.55-1.36) Referent
Median OS (95% CI), months 17.6 (10.2-23.0) 155 (94-20.8)
HR {95% CI) 0.77 (0.47-1.26) Referent

1-Year survival rate (90% CI) 60% (49-70) 60% (44-73)

MST: Median survival time, Cl: confidence interval, HR: hazard ratio,
PFS: progression-free survival , OS: overall survival. *At six months.

Table U1 Toxicities experienced during siudy period.

Docetaxel+ Paclitaxel+

carboplatin carboplatin

% (95% CTI} % (95% €D
Toxicity N=60 N=30
Grade 3 or more Neutropenia 88 (77-95) 60 (4177
Grade 3 or more Anemia (hemoglobin) 12 (5-23) 7 {1-22)
Grade 3 or more Thrombocytopenia 0 3(0-17)
Grade 3 or more Frbrile neutropenia 17 (8-29) 13 (4-31)
Grade 2 or more Nausea 28 (18-41) 17 (6-35)
Grade 2 or more Vomiting 12 (5-23) 10 2-27)
Grade 2 or mare Sensory neuropathy 3(0-12) 37 (20-56)
Grade 2 or more Myalgia 0 13 (4-31)
Grade 2 or more Arthralgia 2 (0-9) 20 (8-39)
Possible TRD (ARDS) ] 0

CI: Confidence interval, TRD: treatment-related death, ARDS: acute
respiratory distress syndrome.

survival. Brunetto et al. reported that the dose intensity of
platinum-doublet regimens inclading cisplatin or carboplatin
with either vinorelbine or gemcitabine did not have an
impact on survival or time-to-progression in patients with
NSCLC (20).

A phase III study comparing DCarbo with PCarbo as first-
line chemotherapy was performed in 1,077 patients with
ovarian cancer (21). Docetaxel (75 mg/mz) or paclitaxel (175
mg/m?) with carboplatin to (AUC 5 mg/ml min) was
administered every three weeks for six cycles.

The study also concluded that DCarbo is similar to
PCarbo in terms of PFS and response, but recommended that
longer follow-up is required before making a definitive
statement on survival. DCarbo was considered an alternative
first-line regimen for chemotherapy in patients with ovarian
cancer. As for toxicity, DCarbo was associated with
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Figure 2. Progression-free swrvival. MST: Median survival dime, CI:
confidence interval.

substantially less overall and grade 2 or more neurotoxicity
than PCarbo. On the other hand, DCarbo led to a higher
incidence of grade 3 or 4 neutropenia than did PCarbo.
Similar trends were noted in our study: DCarbo had a lower
incidence of grade 2 or more sensory neuropathy (3% vs.
37%}, but a higher incidence of grade 3 or more neutropenia
87% vs. 60%) as compared with PCarbo. Although
myelosuppression was also frequently associated with
DCarbo in our study, this adverse effect was not dose-
Hmiting.

Recently, the survival of patients with NSCLC has
improved, in part because of improved treatroents or perhaps
because of selection bias. The longer the survival, the more
problematic is chronic toxicity such as peurotoxicity. Such
toxicity negatively affects the quality of life of patients with
NSCLC. This is especially true for those tested with PCarbo
regimens (22). Even if the dose of paclitaxel is reduced from
225 mg/m® to 200 mg/m?, the problem of neurotoxicity
persists. DCarbo would, thus, be the preferred regimen to
avoid severe neurotoxicity.

The treatment-related death in the DCarbo group in our
study was reviewed by a safety committee, ARDS occurred
as late as two months after the end of the patient’s fifth, final
cycle of treatment. The relation of death to chemotherapy
with DCarbo was considered not definite, but possible.

Our study had several important limitations. We studied
only Japanese patients, and it remains unclear whether our
results can be extrapolated to other ethnic groups. Our study
group comprised of patients with all histological types of
NSCLC, and information on mutations in the EGFR gene
was not obtained. In addition, the doses of docetaxel and
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Figure 3. Overall survival. MST: Median survival time, Cl: confidence
interval.

carboplatin differed from those used in Western studies of
patients with NSCLC.

Conclusion

Docetaxel plus carboplatin is considered an alternative first-
line chemotherapeutic regimen for patients with newly-
diagnosed advanced NSCLC, at least in Asia. In the future,
this regimen might be combined with other treatments, such
as molecular targeted therapy.
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Objective: The rofe of platinum agents plus irinotecan has been unclear for elderly patients
with extensive disease smaB-cell lung cancer. We conducted a feasibility study to evaluate the
safety and efficacy of carboplatin plus irlhotecan in preparation for a planned Phase Il study.
Methods: Based on another Phase [ study, carboplatin area under the curve of four Day 1 plus
irinotecan 50 mg/m? Days 1 and 8 every 3 weeks for four courses was administered. Patients
aged >70 years with a performance status of 02 were eligible. The primary endpoint was
feasibility, defined as the percentage of patfents who have received three or mora courses of
chemotherapy. If the feasibility was >60% in the first 10 patients, this endpoint would be con-
sidered to be met.

Results: Eleven patients were registered. The median age was 77 years, and nine patients had
a performance status of 1. Ten patients completed four courses of treatment, and neither dose
omission nor modification was required. The feasibllity was 91% (10/11) and the relative dose
intensity was 76.9%. Because neutropenia was frequently prolonged, the next course was
delayed in 53% of all courses. Other toxicities were generally mild, and the only Grade 4 toxicity

* was hyponatremia. The overall response rate was 90% (9/10), and the progression-free survival

and the overall survival were 5.1 and 10.9 months, respectively.

Conclusions: This regimen appears to be feasible and effective, Based on these results, a
Phase I}/l rial comparing carboplatin plus etoposide with carboplatin plus irinotecan for elderly
patients with extensive disease small-cell lung cancer is being planned by the Japan Clinical
Oncology Group.

Key words: chema-respiratory fract — chemo-Phase I-IIT — clinical trials — lung medicine

INTRODUCTION

established for this patient population. Moreover, standard che-

Approximately 30--40% of patients with smatl-cell lung cancer
{SCLC) are >70 years old, and the proportion of elderly SCLC
patients is continuously increasing in Japan (1--3). However,
as elderly patients have been frequently excluded from clini-
cal trials, no standard chemotherapeutic regimen has been

motherapeutic regimens for non-elderly SCLC patients are not
always suitable for older patients due to their vulnerable organ
function and/or co-morbidities. Therefore, the establishment of
a chemotherapeutic regimen that is well balanced between
safety and efficacy for this population should be pursued,

© The Author 2013. Published by Oxford University Press. All rights reserved.
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The Japan Clinical Oncology Group (JCOG) 9702 study
compared carboplatin plus etoposide (CE) versus split-dose
cisplatin plus ctoposide (SPE) in elderly and poor-risk patients
with extensive disease (ED)-SCLC (4). Based on the results of*
this study, the JCOG concluded that the SPE regimen should
remain as the standard treatment for elderly and poor-risk
patients with ED-SCLC, the CE regimen being an alternative,
However, because the CE regimen does not require hydration
and can be administered in an outpatient setting, elderly
patients with ED-SCLC in Japan more commonly receive this
regimen.

In contrast, the Phase III JCOG 9511 study has shown that
irinotecan plus cisplatin (IP) is more effective than etoposide
plus cisplatin (EP) for treating non-elderly patients with
ED-SCLC (5). However, elderly patients (age >71 years)
were excluded from this trial. When considering the treatment
plan for elderly patients with ED-SCLC, the 1-day bolus ad-
ministration of this cisplatin-based regimen would be difficult
because hydration is required. Until now, the carboplatin plus
irinotecan (CI) regimen has been repeatedly reported.
Although several studies included patients 70 years of age or
older, few studies were especially designed for the elderly.
Thezefore, it would be meaningful to consider a CI regimen
for the elderly, Two randomized trials have compared CI with
CE for ED-SCLC patients. Although Schmittel et al. (6) did
not show a significant survival benefit in the CI arm, survival
was marginally better and fewer hematological toxicities were
observed. In contrast, Hermes et al, (7) reported a significant
survival advantage of CI over CE. Although these trials were
not specifically designed for elderly patients and the doses
used differed from Japanese standard doses, we believed it
was worthwhile to investigate the efficacy of CI in elderly
patients with ED-SCLC. Furthermore, a recent meta-analysis
of camptothecins compared with etoposide in combination
with platinum in ED-SCLC showed a survival benefit asso-
ciated with camptothecins plus platinum (excluding nogite-
can) over etoposide plus platinum in a subgroup analysis (8).
Thus, a Phase III trial comparing CE with CI in elderly
patients with ED-SCLC is being warranted in the JCOG Lung
Cangcer Study Group (LCSG).

In our previous study (9), we reported the 4-weekly sched-
ule of CI regimen using prophylactic granulocyte
colony-stimulating factor (G~CSF) support in elderly patients
with SCLC. However, this study was not a Phase [ study and
had a heterogeneous patient population, In addition, because
not only chemotherapy-naive but also pretreated patients were
included and the treatment drug dose was changed according
to the patient’s characteristics, the recommended dose could
not be decided in the study. Recently, prophylactic use of
G-CSF has not been preferred in clinical practice in Japan
because more expensive cost and prolonged hospital stays are
required. For the reason given above, we cannot apply the pre-
vious data to plan the Phase III study and we think that
optimal schedule and dose of CI for elderly patients with
SCLC have not been established, On the other hand, Thoracic
Oncology Research Group (TORG) decided a recommended

Jpn J Clin Oncol 2014;44(2) 117

dose of 3-weekly schedule of CI regimen for elderly patients
with limited disease (LD)-SCLC in a Phase I study (unpub-
lished data). Because thoracic radiotherapy was sequentially
administered after four courses of chemotherapy in this Phase
I study, it might be justified that the recommended dose of CI
for LD-SCLC could be used in elderly patients with ED-SCLC
based on these data. Furthermore, because members of JCOG
and TORG were much different, JCOG-LCSG recommended a
further feasibility study by only JCOG members for elderly
patients with ED-SCLC. Therefore, we conducted a feasibility
study to evaluate the safety and efficacy of Cl in eldesly patients
with ED-SCLC in preparation for a future JCOG Phase 111
study designed to compare CE with CI in this patient popula-
tion. This study is registered with the UMIN Clinical Trials
Registry as trial 060003208,

- PATIENTS AND METHODS

PaTiENT SELECTION

Patients with the following inclusion criteria were enrolled:
age >70 years; cytologically or histologically confirmed
SCLC; ED stage (defined as at least one of the following:
distant rmetastasis, contralateral hilar-node metastasis, malig-
nant pleurs] effusion and pericardial effusion); no prior chest
radiotherapy or chemotherapy, an Eastern Cooperative
Oncology Group performance status (PS) of 0—2; no other
co-existing malignancy and adequate hematologic, hepatic
and renal argan function (leukocyte count >4000/mm>, abso-
lute neutrophil count [ANC] >2000/mm>, platelet count
>100 000/mm>, hemoglobin level >9.0 g/di, aspartate ami-
notransferase [ASTValenine aminotransferase [ALT] levels
<2 x upper limit of pormal range, total bilirubin <1.5 mg/dl,
creatinine <1,5 mg/dl, creatinine clearance >50 ml/min and
Pa0; > 60 mmHg). The additional criteria were: no symp-
tomatic pericardial or pleural effusion requiring drainage, no
active concomitant malignancy, no senile dementia, no diar-
rhea and provision of written informed consent. The exclusion
criteria included brain metastases requiring radiotherapy, su-
perior vena cava syndrome requiring radiotherapy and serious
medical or psychiatric iliness, Patients with interstitial pneu-
monitis detected by chest computed tomography (CT) scan
were excluded, All the patients had chest X-ray, CT scan of
the chest and abdomen, CT scan or magnetic resonance
imaging of the brain and isotope bone scanning or positron
emission tomography within 28 days before registration.

TREATMENT PLAN

Based on our previous feasibility study using CI for elderly
patients. with SCLC (9), the TORG conducted a Phase [ study
of the CI regimen and sequential thoracic radiotherapy for
eldetly patients with-LD-SCLC. In that study, the recom-
mended dose was carboplatin area under the curve (AUC)
of four Day 1 and irinotecan 50 mg/m? Days 1 and 8 every
3 weeks (unpublished data). Although the TORG study
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118 A4 feasibility study of chemotherapy for SCLC

included only elderly patients with LD-SCLC, we elected to
use the recommended dose from this study in the current study
of elderly patients with ED-SCLC, Thus, all the patients were
assigned to carboplatin AUC 4 intravenously (IV) on Day 1
plus irinotecan 50 mg/m>IV on Days 1 and 8 every 21 days.
Irinotecan on Day 8 was withdrawn if leukocyte counts were
<3000/mm?>, platelet counts were <100 000/mm” or if diar-
rhea Grade > 1 occurred: Treatment was repeated for up to
four cycles. Subsequent cycles were permitted only if the
ANC was >1500/mm3, the leukocyte count was >3000/mm?,
the platelet count was > 100 000/mm>, serum creatinine was
<1.57 mg/dl, AST/ALT levels were <2.5x upper limit of
normal range, PS was 02, neither infection nor fever was
present and treatment-related non-hematologic toxicities
(excluding alopecia) had resolved to Grade <2 after Day 21.
A treatment delay of <2 weeks was permitted, Use of G-CSFs
was recommended in accordance with their package inserts or
clinical recommendations, If G-CSF therapy was adminis-
tered, the criteria for the next cycle had to be satisfied both
after Day 21 and >2 days after discontinuation of G-CSF,
Antiemetic prophylaxis with 5-HT}; antagonists plus dexa-
methasone was routinely administered. Dose modifications
were allowed only once if Grade 4 leukopenia or neutropenia
lasting >4 days, Grade 4 thrombocytopenia or Grade 3 non-
hematological toxicities, except for nausea/vomiting, consti-
pation, hyponairemia and creatinine, occurred. When dose
modification was nceded, the next treatment course was
started with carboplatin AUC 4 on Day 1 plus irinotecan
40 mg/m? on Days 1 and 8 every 21 days.

The protocol treatment was terminated if any of the follow-
ing occurred: disease progression, a treatment delay >2
weeks, need for dose modification two times, Grade 2—4
pneumonitis and Grade 4 non-hematological toxicities.
Because this was a feasibility study, post-protocol treatments
were left to the discretion of the treating physicians,

Stupy DESIGN

This trial was designed as a multicenter prospective feasibility
study. The study protocol was approved by the institutional

Table 1. Patient characteristics

Median age, years (range) 71.5(70-82)
Gender
Male/female 10/0
ECOGPS 0/1 1
TNM classification
T 4/3/2/% 4/2/1/3
NO/243 117246
MO/t ' 1/9
Brinkman index
Median (range) 1110 (340-3000)

ECOG, Eastem Cooperative Oncology Group; PS, performance status,

review board-at each institution prior to study initiation. The
primary objective was feasibility, defined as the percentage of
patients who bave received three or more courses of chemo-
therapy. Patients showing disease progression prior to receiv-
ing three courses of chemotherapy were excluded from the
feasibility evaluation, In addition, even if irinotecan was not
administeted on Day 8 due to toxicity, the chemotherapy
course was judged as being complete. In the JCOG9702 (4),
the percentages of patients who have received thrée and four
courses of CE regimen were 69 and 63%, respectively, In this
study, we considered that the completion rate of three or more
courses of chemotherapy was a more appropriate endpoint
than that of four courses because CT regimen might be more
toxic than the CE regimen. Therefore, we concluded that the
study treatment was feasible when the completion rate of three
or more courses of chemotherapy was >60%. Ten patients
were initially registered into this study. If the feasibility (com-
pletion rate) was >60%, the study would be considered to
have yielded positive results and to be finished. If the comple-
tion rate was 30 to <60%, we planned to enroll 10 more
patients to confirm whether the low rate was due to the treat-
ment regimen or to chance. If the feasibility remained at
< 60% in a total of 20 patients, the study would be considered
to have yielded negative results, The secondary objectives
were toxicity status, overall response rate (ORR), progression-
free survival (PFS) and overall survival (OS). Tumor responses
were evaluated according to the Response Evaluation Criteria
in Solid Tumors criteria, version 1.0, Toxicity was evaluated
using the National Cancer Institute Common Toxicity Criteria
version 3.0,

If a patient was documented as having a complete response
{CR) ora partial response (PR), a confirmatory evaluation was
performed after an interval of at least 4 weeks. The patient
was considered to have a stable disease (SD) if it was con-
firmed and sustained for § weeks or longer.

The refative dose intensity (RDI) of irinotecan was calcu-
lated by dividing the actual received dose of the agent among
all chemotherapy courses (mg/m*/week) by the total projected
dose of the four treatment courses (mg/m*/week). When
chemotherapy was completed without any delays or skipping
of agents, the RDI was 100%.

RESULTS
PATENT CHARACTERISTICS

From March 2010 through March 2011, 11 patients were
registered in three institutions. One patient withdrew consent
after Day1 of the first course, Because this patient did not ex-
perience acute toxicities and the reason seemed to be related
to other personal problems, we thought one more additional
patient to the previously scheduled 10 patients wers appropti-
ate for this study. The median age was 77 (range, 70—82)
years and nine patients had a PS of 1, all of whom were male
(Table 1). The median Brinkman Index was 1110 (range,
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840—-3000). A patient with MO had a contralateral hilar lymph
node metastasis,

DRruG DELIVERY AND DOSE INTENSITY

Except for the one patient who withdrew consent, ail the
patients completed four courses of treatment and no omission
of irinotecan on Day 8 occurred (Table 2). Furthermore, no
patients required dose modifications, Because the completion
rate was 91% (10/11), the primary endpoint of a >60% com-
pletion rate was met. The RDI of irinotecan was 76.9%. The
median course delays between the first and second courses,
second and third courses and third and fourth courses were 8.5
(range, 2—11) days, 5.5 (range, 0—10) days and 6.5 (range,
0-17) days, respectively, Of a total of 30 courses, the reasons
for chemotherapy delay of >4 days were leukopenia or neu-
tropenia in 15 patients (50%) and thrombocytopenia and
leukopenia in one patient (3%). Delays caused by bed sched-
uling at participating institutions occurted in six cases (20%).

Toxicrres

Toxicity profiles are shown in Table 3. Both hematological
and non-hematological toxicities were generally mild, The
only Grade 4 toxicity was hyponatremia in one patient. Grade
3 ANC, hemoglobin and thrombocytopenia occurred in six
(60%), one (10%) and two (20%) patients, respectively, G-CSF
was administered to three patients, No treatment-related deaths
ocourred during the study,

One patient suffered from pneumonia during his first course
of chemotherapy. He received antibiotic therapy for 7 days

Table 2. Additional days requited in each course and the reasons for delays

Patient no. Courses 1and2 Cowrses2and3  Courses 3 and 4
H +7* +10° +11#

3 +8* +4° +8*

4 +7° +7° +6"

5 +11° +7° o

6 +11° +4° +7%

7 +8° +9° 4.2¢

8 +9° 0 +13%

9 +2¢ o o¢

10 +11° +2¢ +14

11 +11* +8° +17*
Median delays 8.5(2~11) 5.5(0-10) 65(0-17
{range)

Relative dose intensity = 76.9%.

“Lenkocytopenia.

bNo available bed.

“Leukocytopenia/thrombocytopenia.

$No delay or delay within 2 days.

Jpn J Clin Oncol 2014;44(2) 119

and fully recovered. He did not experience infection in subse-
quent protocol treatment cycles,. .
Another patient suffered from Grade 4 hyponatremia
(117:mEq/1) during his first course of chemotherapy. He did
not have any history of renal dysfunction.and was considered
to have syndrome of inappropriate secretion 'of antidiuretic
hormone (SIADH).as a parancoplastic syndrome. Appropriate
intravenous crystalloid infusion facititated full recovery, and
he was able to continue chemotherapy. Severe hyponatremia
was not observed in his subsequent protocof treatment eycles.

Esricacy

Nine patients achieved PR and one patient experienced SD,
yielding an ORR of 90%. The median PFS was 5.1 months
(95% confidence interval [CI]: 3.9-5.8; Fig. 1), and the
median OS was 10.9 months (5% CL: 7.6—16.8; Fig. 2).

Seconp-LiNg THERAPY

A total of 9 patients received second-line chemotherapy. The
most-commonly administered agent was amrubicin (n = 7).
Other regimens included nogitecan (# =1} and Cl (n = 1),
Palliative chest radiotherapy was administered to one patient,
Only one patient did not receive second-line chemotherapy,
due to poor PS.

Table 3. Toxicity (worst of any course)

Grade
2 3 4
Hematologieal
Leukopenia 3 3 0
Neutropenia 2 6 1]
Aneinia 5 1 0
‘Thiombocytopenia 2 2 Y
Non-hematological
High AST/ALT 1 0 0
Creatinive 0 [ a
Nausea 2 0 ¢
Vomiting )] 0 Q
Diarrhea 3 0 0
Constipation 1 ¢ ¢
Preumonitis 0 0 g
Bleeding 0 0 g
Infection 0 1 ]
Hyponatremia 0 0 1
Peripheral neuropathy i 0 0

AST, aspariate aminotransferase; ALT, alanine aminotransfetase,
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120 A feasibility study of chemotherapy for SCLC
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Figure 1. Progression-free survival. Median: 5.1 months (95% confidence
interval {CI]: 3.9~5.8).
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Figare 2, Overall survival. Median: 10.9 months (95% Cl: 7.6-16.8).

DISCUSSION

Standard treatment for elderly patients with ED-SCLC has
been controversial until now. Moreover, no global treatment
consensus for these elderly patients has yet been reached.
Because the median age of lung cancer patients is increasing
in Japan, the need to formulate a strategy for treating this
population is urgent, Some trials have shown that irinotecan
might be a key drug for SCLC, particularly among Asian indi-
viduals (5,9); therefore, we conducted this feasibility study of
Cl in elderly SCLC patients. In this study, except for one
patient who withdrew consent for chemotherapy, all other
patients eompleted four courses of protocol treatment and the
primary endpoint was met, with a feasibility of 91% (10/11).
The toxicities were tolerable in this study. In general, Grade 4
hematologic toxicities are commonly experienced in associ-
ation with chemotherapy for SCLC, even in patients with a
good PS and adequate organ finction (4—9). Only one patient
in the present study experienced Grade 4 hyponatremia, and
no Grade 4 hematologic toxicities were observed. The low fre-
quency of diarthea is particularly interesting, While the JCOG
9511 study comparing IP with EP (5) showed that the

frequency of diarrhea associated with the IP regimen was rela-
tively high (16%), no Grade 3 or 4 diarrhea was observed in
the present study. Although the reason for this low frequency
of diarrhea remains unclear, the low dose of irinotecan used
(50 mg/m?, Days 1 and 8) might have been a contributing
factor.

While no CRs were observed, the 90% (9/10) response rate
was satisfactory. Moreover, both OS and PFS were slightly
longer than those observed in both treatment arms of JCOG
9702, which had almost the identical eligibility criteria (4).
These data suggest that the CI regimen might improve out-
comes of elderly patients with ED-SCLC. Two possible
reasons may explain the promising efficacy observed in this
trial. First, amrubicin was administered to 70% of patients as
second-line chemotherapy. This agent was not administered at
the time of the JCOG 9702 study. Because some investigators
reported that second-line amrubicin was effective in relapsed
SCLC (10~13), the use of this agent might have positively
impacted on survival in this study. Secondly, ail of the patients
PS of 0—1, even though the eligibility criteria also allowed a
PS of 2. In contrast, 26% of patients in the JCOG9702 study
had a PS of 2—3 (4). Therefore, patient selection may have
also contributed to the prolonged survival and reduced toxici-
ties observed in this study,

This study has several limitations. First, we could have con-
ducted more dose escalation due to the mild toxicity.
However, chemotherapy delays occurred frequently, primarily
due to neutropenia, Because dose escalation could have poten-
tially caused more severe myelosuppression or delays of
chemotherapy administration, we believe that it would have
been difficult to escalate the dose in this trial. Secondly, our
regimen included relatively low doses compared with the regi-
mens used in non-elderly patients. Administration of irinote-
can 50 mg/m? Days 1 and 8 every 3 weeks yields a dose
intensity of 33 mg/m?/week. In contrast, the dose intensity
of irinotecan (60 mg/m?, Days 1, 8 and 15, every 4 weeks)
was 45 mg/mzlweek in JCOG9511. However, the omission
of Day 15 irinotecan occurred in 50% of the courses in
JCOGI511 (5). As no omission of Day 8 irinotecan occurred
in the present study and course delays only occurred occasion-
ally, the actual difference in dose intensity beiween the
present trial and JCOG9511 may be relatively small, Thirdly,
this feasibility study had a small sample size. Further investi-
gation with a larger number of patieats is warranted to verify
the current results. Fourthly, this trial was not designed based
upon an appropriate statistical method. However, if this study
was done as a Phase II study using a Simon Minimax
design, ~30~-40 patients were required. At the time of study
initiation, we felt that CI regimen became a promising experi-
mental arm for a future Phase III trial based on our previous
study. In addition, many JCOG membsers hesitated to perform
a time-consuming Phase IT trial of CI regimen. Therefore, we
evaluated the feasibility of this regimen using a small sample
size of 10 patients, If a marginal result for feasibility was
obtained in the first 10 patients, additional 10 patients were
required to avoid a negative result by chance,
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In conclusion, treatment with CI in elderly ED-SCLC
patients is feasible and appears to provide less toxicities and
more efficacy than other regimens, Based on the current study,
a Phase II/IIT trial comparing CE with CI in elderly patients
with ED-SCLC is being scheduled by the JCOG LCSG.
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Histology and Smoking Status Predict Survival of Patients
with Advanced Non-Small-Cell Lung Cancer

Results of West Japan Oncology Group (WJOG) Study 39061
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Introduction: Smoking status is one of the prognostic factors in
advanced non—small-cell lung cancer (NSCLC). Currently, adenccar-
cinoma (Ad) histology is considered a predictive factor in advanced
NSCLC, We investigated the correlation between histology or smok-
ing status and survival of NSCLC patients recetving chemotherapy.
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Methods: We retrospectively reviewed clinical data from stage I1IB
or IV NSCLC patients who started first-line chemotherapy at affili-
ated institutions of West Japan Oncology Group from 2004 to 2005.
We also collected information on pack-years of cigarette smoking
and years since cessation. Overall survival was compared using log-
rank test, and Cox regression analysis was nsed to identify indepen-
dent prognostic factors.

Results: Tn total, 2542 consecutive patients were enrolled at 40 insti-
tutions, Of those, 71 were excluded because of unknown smoking
history. The median overall survival of nonsmoking Ad patients (593
days) was longer than that of smoking Ad, nonsmoking non-Ad, and
smoking non-Ad patients (384, 374, and 319 days, respectively; p
< 0.001). In Cox regression with sex, age, stage, performance, and
treatment as covariates, we found significant interaction (p = 0.039)
between histology (Ad/non-Ad) and smoking status (smoker/non-
smoker); smoking conferred a hazard ratio of 1.34 (95% confidence
interval, 1.15-1.55) in Ad, but only 0.99 (0.75-1.31) in non-Ad.
Higher pack-years and shorter period since cessation were signifi-
cantly associated with poorer survival in Ad (p < 0.001), but not in
non-Ad (p 2 0.434).

Conclusion: Ad histology is associated with better prognosis, and
only smoking status had a prognostic impact in Ad.

Key Words: Non—small-cell tung cancer, Histology, Adenocarcinoma,
Smoking status,

(J Thorae Oncol. 2013;8: 753-758)

Luug cancer is the leading cause of cancer-related mortality
in Japan, and the rest of the world, with more than one
million people dying from it each year. Non—small-cell lung
cancer (NSCLC), which accounts for nearly 80% of all lung
cancers, comprises several histological types, including
adenocarcinoma (Ad), squamous cell carcinoma (8q), and
large-cell carcinoma (La). NSCLC had been treated as
a single disease because of similar therapeutic effects of
conventional chemotherapeutic agents. In the last few decades,
however, treatment with new drugs, such as epidermal
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growth factor receptor tyrosine kinase inhibitors (EGFR-
TKIs), bevacizumab, and pemetrexed revealed that tumor
histology has profound impact on the benefits of a variety
of chemotherapy or targeted-therapy regimens for advanced
NSCLC.** Thus, histology came to be considered a predictive
factor for the effectiveness of specific chemotherapy in
patients with advanced NSCLC. However, there is no previous
report on histology as a prognostic factor, that is, a variable
determining survival irrespective of the chemotherapy
regimen administered.

Previous studies showed that cigarette smoking is an
independent prognostic factor in patients with NSCLC,2%7
but a dose-response relationship between the quantity of
smoking and survival has not been established. Although
Yelena et al.® noted that patients who had smoked up to 15
pack-years had a longer survival than those with more than
a 15 pack-year history, other cutoff points for the amount of
cigarette smoking have not been considered. In addition, the
relationship between smoking and survival was not investi-
gated with respect to differences in NSCLC histological sub-
types, and the studies that did evaluate survival in Sq versus
non-8q patients did not reach a firm conclusion.™ However,
Kawaguchi et al.? showed that Ad had better prognosis than
Sq in never-smokers, but not in ever-smokers, suggesting that
the prognostic impact of cigarette smoking may differ among
histologic subtypes in NSCLC.

We hypothesized that Ad histology and lower smoking
status would result in better overall survival (OS) in advanced
NSCLC. To test this hypothesis, we investigated the impact
and possible interaction of histology and smoking status on
survival of advanced NSCLC patients receiving chemother-
apy in the clinic.

PATIENTS AND METHODS

Study Patients

We sent case report forms to 40 affiliated institutions
of West Japan Oncology Group, and requested them to pro-
vide demographic and clinical data from medical records
for all patients with stage IIIB or IV NSCLC, who started
first-line systemic chemotherapy between January 1, 2004
and December 31, 2005. Patients who had a relapse after sur-
gery or radiotherapy were excluded. The case report forms
were submitted by the participating institutions during the
period from September 2008 to January 2009, This study was
approved by the institutional review board of each participat-
ing institution.

Demographic and Clinical Variables

We obtained the following baseline demographic and
clinical information from the case report forms: age, sex,
histology, disease stage, Eastern Cooperative Oncology
Group performance status {PS), smoking status, type of first-
line chemotherapy, number of treatment regimens, and the
year in which first-line chemotherapy was started. Disease
stage was determined according to the tumor, node, metasta-
sis system.’ Staging classification was performed by physi-
cal examination, chest-abdominal computed tomography,

754

brain magnetic resonance imaging, bone scan, and positron
emission tomography if necessary. Patients were categorized
into nonsmokers and smokers according to smoking status.
Nonsmokers were defined as those who had smoked less than
100 cigarettes. Among smokers, exsmokers were defined as
those who had quit smoking 1 year or more before diagnosis,
and current smokers as those who continned their smoking
habit at diagnosis. Pack-years of smoking were calculated by
multiplying the number of packs (20 cigarettes in one pack)
smoked per day by the number of years smoked, and catego-
rized as less than 10, 10 to 19, 20 to 29, 30 to 39, 40 to 49,
50 to 59, and 60 or more. Years of smoking cessation were
categorized as 1 to 4, 510 9, 10 to 14, 15 to 19, and 20 or
more. Type of first-line chemotherapy was categorized into
platinum-based combination, nonplatinnm combination,
and single-agent chemotherapy. Because the only approved
EGFR-TKI for the treatment of inoperable or recurrent
NSCLC in Japan before October 2007 was gefitinib, we col-
lected information on gefitinib usage during the observation
period and noted the starting day of gefitinib treatment. OS
was calculated from the start of first-line chemotherapy to
the date of death. Patients still alive were censored as of the
last known follow-up.

TABLE 1. Patient Characteristics
Parameter Ad (n=1731) Non-Ad (n = 740) ?
Men/women 1056/675 641/99 <0.001
Smoking status <0.001
Nonsmoker 659 79
Exsmoker 300 165
Current smoker 772 496
Stage TIBAV 44411287 271/469 <0.001
PS 0.002
0 546 206
1 873 402
2 191 96
3 90 25
4 31 11
Histology —
Sq —_ 516
La e 71
Others — 153
Chemotherapy 0.181
Single-agent " 354 137
P doublet 1306 571
Non-P doublet 71 32
Regimen <0.001
i 536 285
2 445 201
3 322 115
24 428 139
Gefitinib Y/N 959/772 146/594 <0.001

Ad, adenocarcinoma; PS, performance status; Sq, squamous cell; La, large cell;
P, platinwn; Y, yes; N, no.

Copyright © 2013 by the International Association for the Study of Lung Cancer
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Histology and Smoking in Advanced NSCLC Survival

Statistical Analysis

Demographic and clinical variables were compared
among groups according to lung cancer histology, using the
x? test. The primary endpoint of this study was OS. Survival
curves were calculated by the Kaplan—-Meier method and
compared using the log-rank test. Prognostic importance of
histology and smoking status were analyzed using the Cox
regression analysis adjusted for sex, age, disease stage, PS,
type of first-line chemotherapy, and the year in which first-
line chemotherapy was started. For detection of possible
interaction between histology and smoking status, the terms
of interaction of the two variables were evalnated by the like-
lihood ratio test. Because gefitinib was the preferred choice
in patients with Ad, another Cox regression analysis was per-
formed, in which patients were censored at the start of gefi-
tinib administration, and the results were compared with the
original Cox analysis. Significance level was set at a p value
of 0.05. Statistical analyses were performed with SAS version
9.2 software (SAS Institute, Cary, NC).

- RESULTS
Between January 1, 2004 and December 31, 2005, 2542
consecutively treated patients were enrolled at 40 institutions.
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Of these, 71 were excluded because of unknown smoking
history. The characteristics of the study population, categorized
into Ad and non-Ad, arc listed in Table 1. There werc 1731
Ad and 740 non-Ad patients (29.9% and 70.1%, respectively).
Among them, we confirmed 1346 and 599 deaths in Ad and
non-Ad patients, respectively. There were significantly more
women (39.0% in Ad versus 13.4% in non-Ad) and nonsmokers
(38.1% in Ad versus 10.7% in non-Ad) in the Ad group than
in the non-Ad group. Patients who received single-agent
chemotherapy accounted for approximately 20% of the study
population. Compared. with combination regimens, single~
agent chemotherapy was associated with old age (63.6 years
for combination regimens versus 71.1 years for single-agent
chemotherapy), high proportions of female patients (29.3%
versus 40.0%), nonsmokers (27.8% versus 34.0%), stage IV
(69.4% versus 78.3%), and PS 0 to 1 (60.9% versus 87.1%).
The proportion of Ad histology was not significantly different
between single-agent and combination regimens (72.1% and
69.5%, respectively). The OS was 464 days in Ad compared
with 326 days in non-Ad (p <0.001; Fig. 14). Between Ad and
non-Ad, which was divided into Sq and La, Ad had significantly
better survival than the other two histological groups
(Sq, 341 days; La, 254 days; p < 0.0001; Fig. 1B). With regard
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FIGURE 1. Kaplan-Meier plots of overall survival for patients classified according to histology type as (4) Ad and Non-Ad;
histologic subtype as (B) Ad, La, Sq, and others; smoking status as () smokers and nonsmokers; and combination of smoking
status and histology as (D) Ad and nonsmoker, Ad and smoker, Non-Ad and nonsmoker, and Non-Ad and smoker. Ad, adeno-

carcinoma; La, farge cell; Sq, squamous cell.
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TABLE 2. Survival Analysis by Cox Proportional Hazards
Model (n = 2471)

Parameter HR 95% C1 P
Sex

Women 1

Men 1.342 1.168-1.541 <0.001
Age yrs 1.007 1.002-1.012 0.008
Smoking status

Nonsmoker 1

Exsmoker 1.178 0.997-1.391 0.054

Current smoker 1.335 1.155-1.543 <0.001
Clinical stage

Stage B 1

Stage IV 1.505 1.358-1.669 <0.001
PS

0 1

t 1.609 1.446-1.790 <0.001t

2 2.229 1.910-2.604 <0.001

3 3.048 2.455-3.785 <0.001

4 5.487 3.864-7.790 <0.001
Histology

Ad 1

Sq 1.143 1.015-1.286 0.028

La 1.542 1.182-2.0f1 0.001

Others 1.397 1.159-1.683 <0.001
Chemotherapy

Single-agent 1

Non-P doublet ©0.842 0.657-1.080 0.175

P doublet 0.793 0.699-0.899 <0.001

HR, hazard ratio, CJ, confidence interval; PS, performance status; Ad, adenocarcinoma;
Sq, squamous cell; La, large celf; P, platinum.

to smoking status, nonsmokers (568 days) had significantly
longer survival than smokers (358 days; p < 0.0001; Fig. 1C).
In a combined analysis of smoking status and histology, the
median OS of Ad in nonsmokers was longer than that of Ad
in smokers, non-Ad in nonsmokers, and non-Ad in smokers
(593,384, 374, and 319 days, respectively; p <0.001; Fig. 1.D).
In Cox regression analysis, sex, age, smoking status, disease
stage, PS, histology, and chemotherapy showed a statistically
significant prognostic impact on survival (Table 2). When
the interaction between histology (Ad/non-Ad) and smoking
status (smoker/nonsmoker) was inclided in the Cox model,
significant interaction was observed (p = 0.039); smoking
conferred a hazard ratio (HR) of 1.34 (95% confidence
interval [CI], 1.15-1.55) in Ad, in contrast to 0.99 (0.75-1.31)
in non-Ad. In detailed analyses that excluded the 104 patients
(current smokers, 89; unknown, 15) with unknown amount
of cigarette smoking, shorter period since cessation showed
a significant trend for poorer survival in the whole population
(p < 0.001). This trend was also observed in Ad (p < 0.001;
Table 3), but not in non-Ad (p 2 0.434; Table 3). When non-Ad
patients were divided into Sq and La or others, the trend
p was 0.534 in Sq and 0.165 in La or others. The prognosis
became significantly worse with higher pack-years of cigarette
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smoking in the whole population and Ad (p < 0.001; Table 3),
but no significance was not achieved for the non-Ad group (p
=().519; Table 3). When non-Ad patients were divided into Sq
and La or others, the trend p was 0.798 in Sq and 0.380 inLa or
others. The prognostic impact of histology and smoking status
remained significant in the Cox regression analysis, in which
patients were censored at the start of gefitinib administration;
positive smoking history, Sq histology, and La or other
histology conferred an HR of 1.51 (95% CI, 1.21-1.88),
1.22 (95% CI, 1.06-1.41), and 1.59 (95% CI, 1.32-1.93),
respectively. The negative prognostic impact of shorter period
since cessation and pack-years of cigarette smoking was also
essentially unchanged (p < 0.001 in both).

DISCUSSION

The consensus report of prognostic factors in NSCLC
at the 1990 International Association for the Study of Lung
Cancer Workshop showed that histology was not a prognostic
factor for advanced NSCLC.? Qur study is the first report
to reveal that histology is a significant prognostic factor for
advanced NSCLC. Importantly, we showed that Ad patients
have the longest survival of all three histological groups (Ad,
Sq, and La). Ad is the most comumon histological subtype of
Iung cancer in nonsmokers," who have been reported to have
a better prognosis than smokers.'**

Smoking has been described as a prognostic factor in
lung cancer. Although multiple studies have demonstrated the
negative cffects of smoking in patients with NSCLC, most
included a heterogeneous population comprising paticnts
with all stages and types of lung cancer.® In contrast, our
study cohort consisted exclusively of patients with advanced
NSCLC treated with first-line chemotherapy. We showed that
smoking status is an independent prognostic factor for sur-
vival in those patients. Similar data have been shown in for-
mer studies.>® However, those reports did not show whether
smoking conferred any survival impact for advanced NSCLC
irrespective of histological subtypes. In our study, only Ad
histology had significant interaction with smoking status or
smoking index and prognosis. A higher level of smoking was
related to shorter survival in Ad patients, whereas smoking
level and survival were not associated in non-Ad patients,
Although the proportion of non-Ad patients was 29.9% of the
total, the observed number of deaths in this study yielded a
statistical power of more than 80% for detecting an HR of 1.5
at the 5% significance leve] in both Ad and non-Ad patients.
Others have found that Ad histology is a significant prognos-
tic factor in separate multivariate analysis for never-smokers
in advanced NSCLC. Yelena et al.® showed that high ciga-
rette smoking, as measured in pack-years, is associated with
decreased survival after diagnosis of stage ITIB/IV NSCLC.
However, the patients of that study received a wide variety of
therapies, raising the possibility that the outcomes might have
been the result of distinct therapeutic responses. Although we
only assessed the prognostic value of smoking status at diag-
nosis, assessment of smoking status at a later point, that is,
at the time of treatment, would also have been of interest to
determine whether cessation at the time of diagnosis leads to
improved survival,

Copyright © 2013 by the International Association for the Study of Lung Cancer

=170 -



Journal of Thoracic Oncolegy * Volume 8, Number 6, june 2013

Histology and Smoking in Advanced NSCLC Survival

TABLE 3. Hazard Ratios According to Quantitative Aspects of Smoking

Ad Non-Ad
HR 95% CI ¥4 HR 95% CX p
Years after cessation {(n=1731) {n="T740)
Current 1.492 1.271~1.750 <0.001 1.204 0.849-1.707 0.297
Exsmoker 1-4 yr 1.438 1.114-1.857 0.005 1.101 0.733-1.653 0.643
Exsmoker 5-9 yr 1.549 1.101-2.180 0.012 1.228 0.700-2.155 0474
Exsmoker 10-14 yr 1.127 0.783-1.621 0.520 1.235 0.680-2.245 0.488
Exsmoker 15-19 yr 1.199 0.761-1.890 0.433 1410 0.712-2.794 0.325
Exsmoker 220 yr 0873 0.834~1.203 0.407 1.103 0.662-1.837 0,706
Trend p <0.001 0.434
Pack-yr (n=1665) n="702)
<10 1.267 0.899-1.785 0.176 1.196 0.535-2.672 0.662
10-19 1.118 0.801-1.561 0.513 0.963 0.512-1.812 0.908
20-29 1.346 1.048-1.729 0.020 1.368 0.887-2.109 0.157
30-39 1.345 1.071-1.689 0.011 0.954 0.624~1.458 0.827
4049 1370 1.096-1.712 0.006 1.128 0.763-1.669 0.546
50-59 1.483 1.164-1.890 0.00¢ 1.238 0.828-1.851 0.298
260 1.595 1.312-1,939 <0.001 1.135 0.791-1.628 0.491
Trend p <0.001 0.519

= Nonsntokers were set as the reference category.
Ad, adenocarcinoma; HR, hazard ratio; CI, confidence interval,

In agreement with the findings of another study, s we also
found that a large proportion of Ad patients were nonsmoking.
The prognostic difference between Ad in never-smokers and
smokers may suggest that both are different disease entities.
Of note, tumor-mutational frequencies and spectra suggest
differences between smokers and nonsmokers.!%'? However,
significant differences in the frequency of somatic mutations
in oncogenes such as EGFR and KRAS have been observed
between smoking and nonsmoking lung cancer patients.!
EGFR mutations, clinical predictors of EGFR-TKI therapeutic
benefits, are more frequently found in nonsmoking Ad
patients.!! In another study, EGFR mutations were identified
in nonsmokers (51%), former smokers (19%), and current
smokers (4%).'* Moreover, the incidence of EGFR mutations
decreased with increasing number of pack-years of cigarette
smoking.”® However, KRAS mutations, predicting poor
survival and resistance to EGFR-TKI, are more frequently
found in smoking Ad patients. Interestingly, EGFR and KRAS
mutations are mutually exclusive.!!

Currently, therapeutic options other than EGFR-TKIs
(e.g., bevacizumab and pemetrexed) are available in Japan,
Still, NSCLC subtypes have been showing variable response
rates and adverse events.>*%2® Non-Sq histology, especially
Ad, is currently the NSCLC subtype with broader and more
efficacious treatment options. At the time of this study, how-
ever, the only approved therapeutic agent for NSCLC in
Japan was gefitinib. Unforfunately, we did not investigate
EGFR mutation status. However, genetic background could
possibly predict response to gefitinib. Along with its retro-
spective nature, this was a limitation of our study. However,
we found that the treatment choice was made on the basis of
clinical background, and we were unable o conclude whether

Copyright © 2013 by the International Association for the Study of Lung Cancer

or not gefitinib contributed to better survival under unknown
EGFR mutation status. Hence, we suggest that decision-
making based on clinical information alone is inappropriate.
Both the V15-32 study? and the Iressa Survival Evaluation
in Lung Cancer (ISEL) study?, support our observations.
Furthermore, the IRESSA Pan-Asia Study (IPASS) study,®
conducted under the hypothesis that EGFR-TKI would be
effective in clinically selected patients, confirmed the strong
predictive value of EGFR mutations for the response of Ad
to gefitinib,

This retrospective study has a few other limitations
as well. First, information on smoking was not obtained
from the interview or the seif-administered questionnaire.
Smoking data can be inaccurate, particularly when col-
lected retrospectively. Second, we did not collect data on
the procedwres for histological diagnosis. The basis for
pathological diagnosis is important because cytological
assessment alone may lead to underdiagnosis of specific
histologic types.

In conclusion, this survey demonsirated that Ad
histology is associated with better prognosis, and that smoking
status has a prognostic impact only in patients with Ad.
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Introduction
Lung cancer is a leading cause of cancer-related morbidity and mor-
tality in the world. Although the disease is predominantly caused by
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tobacco smoke, approximately 25% of all lung cancers worldwide are
not attributable to this ctiology. In fact, approximately 30% of Japanese
patients with non~small-cell lung cancer (NSCLC) are never-smokers,
as observed in a study that consisted of more than 20,000 patients.’
Lung cancer in never-smokers diffess significantly from that of smokers
in clinical characteristics and in the distribution of oncogenic abnormal-
ities, and it has been suggested to be a distince disease.”

Although several possible explanations have been proposed, the
cause of lung cancer in never-smokers remains unclear. Explanations
include environmental tobacco smoke (ETS) exposure,® radon,*
wood smoke,” occupational cxposurc,(’ oncogenic virus,”*® genetic
changef’ and sex hormone.'™" A Japan Public Health Center—
based prospective study showed that, in Japan, second-hand smoke
exposure is clearly related to the development of lung adenocarci-
noma in never-smokers.® The study identified 2 statistically signifi-
cant dose-response relationship between the quantity and the inten-
sity of husbands® smoking and their wives’ incidence of lung cancer.
Our previous study with a detailed questionnaire in a prospective
way enhances this finding that the development of epidermal growth
factor seceptor (EGFR) mutations is significantly associated with the
dose of ETS exposute in never-smokers,'* However, there are con-

1525-7304/5 - see frontmatter © 2013 Elsevier Inc. All dights reserved.
http://dx.dei.arg/10.1016/1.¢lc.2013.03.001
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Bicting data published on the relationship between ETS and EGFR
maations in never-smokers with NSCLC. A study from Korea
showed opposite results, in which the development of the mutation
was inversely proportional to the ETS'%; although, in the United
States, there was no association berween them.'* A study with a
well-designed and standardized questionnaire in a larger sample size
is required to conclude this issue.

An oncogenic role for the HPV has been widely investigated in
NSCLC.” Although all the published reports were retrospective anal-
yses with potentially significant limitations and bias, the systematic
review nevertheless suggested that the development of lung cancer in
Asia can be atrribured to some extent to HPV. Morcover, a different
‘detection rate was observed geographically even within cast Asia,
with a higher rate in the southern area than in the northern regions.
There is a substantial need to confirm these findings by using a
standardized HPV detection methodology in a prospective study in
Japanese patients.

The association between sex and lung cancer carcinogenesis is also
an important consideration. Although studies provide conflicting
results on the strength of this association, it has been postulated that
women are moze vulnerable to tobacco smoke-assaciated carcino-
gens than men. The large SWOG study 50424 was originally de-
signed to address this issue by using a detailed questionnaire and
NSCILC tissue specimens from smoker and never-smoker men and
women with newly diagnosed stage I, stage I, or srage III NSCLC, "
in which polycydlic aromatic hydrocarbons and aromatic amines of
DNA adducts are measured to guantitate levels of DNA damage
seratified by sex and the smoking status. Cigarette smoke contains 2
farge number of carcinogens, and polycyclic aromatic hydrocarbons
and aromatic amines ate among the most important contributoss to
the carcinogenic process. The Japan Molecular Epidemiology for
fung cancer (JME) scudy follows and extends the concept of S0424
by using a similar approach that will allow for direct comparison of
data in the future, '

Sex honmones, including estrogen and progesterone, have been
suggested to play an important role in lung carcinogenesis. Results of
epidemiologic studies showed that women were predominanc in
number in the never-smoking subpopulation. Further, results of
large randomized studies suggest that estrogen plus progestin therapy
is associated with an increased risk of lung cancer. The prospective
Vitamins and Lifestyle Study followed a cohort of more than 36,000
peri- and postmenopausal women during 6 years of follow-up.'®
After adjusting for smoking and other confounding facrors, the in-
cidence of lung cancer was increased for those who used estrogen plus
progestin. The risk was proportional to the duration of hormone
exposure (hazard ratio 1.48 [95% CI, 1.03-2.12] for those with =10
years of exposure to estrogen plus progestin).

In terms of biologic function, estrogen receptors (ER) are ex-
pressed in diverse normal and neoplastic tissues, and mediate growth
and maturation of normal tissue. A number of studies have noted
expression of ERs in a large portion of lung tumosrs. In a couple of
studies, the development of EGFR mutations was significantly asso-
ciated with expression of ER 8 in NSCLC surgical specimens,'™*!
There have been no studies that systematically evaluated ER expres-
sion in lung cancer and its relationship with genetic mutations or
environmental and reproductive risk factors.

Identification of driver mucations in NSCLC has been instrumen-
tal in improving treatment strategies. ALK (anaplascic lymphoma
kinase} gene translocations have been demonstrated to be critical
targets and biomarkers for crizotinib efficacy,'” similar o EGFR
mutations for gefitinib and erlotinib, and the discovery of other mu-
tations for treatment is ongoing. The Lung Cancer Mutational Con-
sortium in the United States’® and the Lungscape project in the
European Union’® are currently exploring new molecular targets for
treatment in lung cancer. Powerful tools for genome-wide characrer-
ization have been developed, including next-generation sequencing,
which enables comprehensive examination of somatic mutations as-
sociated with carcinogenesis. The Cancer Genome Atlas is an ongo-
ing global project cthat uses this technology to distill essential driver
abnormalities from the background noise.2” A focus of the JME
study is to explore new driver mutations by using advanced technol-
ogies and approaches now available with regard to sex of the patient
and tobacco smoke exposure. The association between oncogenic
abnormality profiles and drug sensitivity and prognosis will also be
examined.

In addition, the JME study is designed to investigate the rela-
tionship between ethnicity and NSCLC carcinogenesis, It is clear
that NSCLCs are different in tumor biology between Caucasian
and Asian patients, Gandara et al*' showed that there was a sig-
nificant difference in survival and toxicities between the US and
the Japanese patients treated with carboplarin and paclitaxel in a
“common arm” trial, in which the study design, eligibility crite-
ria, and staging were similar. The median overall survival in the
metastatic disease was 12 and 14 months for Japanese patients vs.
9 months for US patients (P = .6006).>" As for EGFR mutations,
the frequencies appear o be highly distinct; the high detection
rate in Asia was reported consistently across publications. Differ-
ent influences of smoking status on the development of NSCLC
also was observed between the United States and Japan in popu-
lation-based prospective studies. In a comparison of the Japanese
cohort with US Cancer Prevention Study II during the same
period,”* Japanese never-smokers had an increased risk of lung
cancer, whereas Japanese current smokers were at 2 lower risk of
the cancer compared with those in the United States. To elucidate
the mechanistic contributions of cthnic differences, there is a

~ need to collaborate in comprehensive and global approaches for

examining development of NSCLC as well as the clinical behavior
and outcome.

Objectives

The primary objective of this study is to assess surgical lung
specimens from patients with stage I, stage II, stage IIIA, or stage
IT1IB NSCLC for driver mutations, expression of HER2 and ER &
and ER B, the presence of smoking-associated DNA adducts, and
evidence of HPV, and to explore new molecular markers by using
next-generation sequencing, By using information collected be-
fore surgery on patient demographics, smoking history and occu-
pational exposures, carcinogenic mechanisms will be elucidated
in never-smokers and ever-smokers. Secondary objectives are to
examine whether the relapse rate, disease-free survival, and overall
survival rime differ among the patients with different mutational
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spectrums, and whether mutational profiles differ between Japa-
nese and Caucasian populations.

Patients and Methods

Eligible patients are those with pathologically proven NSCLC
wich stage I and I, THIA, or IT1IB disease™ who underwent surgery
with a curative intent (Figure 1}. Patients with prior chemother-
apy and/or radiotherapy are excluded, as are patients with other
prior malignancies except for adequately treated basal cefl or squa-
mous cell skin cancer or in situ cervical cancer. Patients are strat-
ified according to smoking starus. Never-smokers are defined as
those who smoked fewer than 100 cigarettes during their lifetime,
and ever-smoker who smoked 100 or more cigarettes during their
lifetime,

Patients are required to complete the questionnaire before susgery
for detailed assessment of the following: exposure to active and pas-
sive smoke, occupational exposures, reproductive and hormonal risk
factors, weight loss, family history of cancer, medication use, and diet
and exercise. DNA is extracted from all formalin-fixed paraffin-em-
bedded surgical tissucs. EGFR and KRAS (v~Ki-ras2 Kirsten rat sar-
coma) mutations are examined by using real-time polymerase chain
reaction and ALK by immunohistochemical staining and fluores-
cence in situ hybridization, HPV genotyping is performed by using a
polymerase chain reaction—based microarray system for detection of
23 HPV types, including high-sisk (HPV types 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, and 68) and low-risk or risk-unknown
types (HPV types 6, 11, 30, 34, 40, 42, 53, 54, 61, and 66). In
addition, multiplexed targeted deep sequencing is applied to the
rumors, including 48 cancer-associated genes, such as ABLI, AKTY,
CSFIR, CTNNBI, IDHI, MET, MLHI, PIC3CA, RET, STK11,
and TP53,

Surgical samples are examined for DNA adducts levels, and poly-
cyclic aromatic hydrocarbons and/or aromatic amines-induced
DNA damage is assessed by immunohistochemical staining and im-
munofluorescence. ER « and ER 8 are assessed by immunohisto-
chemistry. Patients will be followed up annually for up to 4 years to

. capuure relapse rate, disease-free survival, and overall survival rime.

Whether mutational profiles differ between Japanese and Americans
will be determined after adjusting for sex, smoking status, and other
clintical backgrounds.

Statistical Consideration

Sample size in this study is 900 patients, which consisis of 450
ever-smokers and 450 neveir-smokers, which was caleulated to
ensure >80% power for testing all individual hypotheses at the
2-sided .05 significance level. Based on the review article includ-
ing the published data,®* the assumed proportion of patients with
EGFR muration is expected to be approximately 7% and 45% in
smokers and never-smokers, respectively. Mutation of KRAS is
expected to be 30% to 43% in smokers and 0% to 7% in never-
smokers. When several examples are given to detect differences of
30% to 50% in mutation-positive frequency between smokers
and never-smokers, the power is >90% in most cases. Less com-
mon driver mutations are also considered and caleulated based on
published data'”; the assumed proportion of patients with ALK
fusion is expected to be approximately 3.5% and 9.9% in smokers
and never-smokers, respectively. The power is >90% in most
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cases to detect differences of 5% to 7% in fusion-positive fre-
quency between the 2 groups.

According to our study in never-smokers,'” more EGFR muta-
tions were observed in those who had longer ETS exposure. When
the length of ETS is divided by the median of the value, if the EGEFR
detection rate differs by more than 15% between the 2 groups over-
all, then the power is >>90% in most cases.

The meta-analysis on HPV and lung cancer showed that, when
using polymerase chain reaction, there were 22% of cases (95% CI,
18%-27%) possibly associated with the virus.® The presence of HPY
is expected to be observed at least in approximately 160 patients in
smokers and never-smokers, and the geographic distribution is also
examined.

Based on our previous study, which included approximately
20,000 Japanese paticnts,” it is assumed that 350 female never-
smokers, 100 male never-smokers, 120 female ever-smokers and
330 male ever-smokers will be accrued in this study. A possible
fuctnation in accrual on sex is expected to be with a range of
+20%. If the detection rate of EGFR mutation differs by more
than 15% between male and female subjects, then the power is
>90% in most cases overall and >80% in most cases within
smokers and never-smokers.

The prognostic value of each unique EGFR and KRAS mutation,
along with other abnormalities, will initially be assessed by using
multivariable propostional hazards regression when adjusting for
strata. Relationships will be graphically displayed for each prognostic
group by using Kaplan-Meicr curves. The classification and regres-
sion tree methoed will be used to identify prognostic risk groups based
on these measures of the mutations combined with other patient
demographic and correlative data.

Conclusion

The JME study is a prospective project sponsored by an indepen-
dent administrative agency in Japan to use advanced molecular tech-
nologies to improve our understanding of the underlying biclogy of
NSCLC in Japanese patients nationwide. The primary focus of this
study is on the relationships among tumor carcinogenesis; patterns of
biomarkers, including driver murations; and detailed demographic
information. This study is currently ongoing, and successful accrual
to dare supports the feasibility of the study design. The outcomes of
the JME study will have clinical implication with respect to estab-
lishing a model for lung cancer carcinogenesis and will provide a
wealth of information on driver mutations to betrer nnderstand the
tumor carcinogenic process and to improve therapeutic options for
patients with NSCLC.
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