i5.

20.

21,

22.

23,

24,

, Zatloukal P,

. Calvert

. Therasse P,

Petruzelka L, Zemanova M, Kolek V,
Skrickova J, Pesck M, et al, Gemcitabine plus cisplatin vs. gemeitabine
plus carboplatin in stage 1Ib and IV non-small cell lung cancer: a
phasc 11 randomized trial. Lung Cancer 2003;41:321-31.

. Hotta K, Matsuo K, Ueoka H, Kiura K, Tabata M, Tanimoto M.

Meta-analysis of randomized clinical trials comparing cisplatin to
carboplatin in patieuts with advanced non-small-cell lung cancer. J Clin
Oncol 2004;22:3852-9.

. Ardizzoni A, Boni L, Tisco M, Fossella FV, Schiller JH, Pacsmans M,

et al. Cisplatin- versus carboplatin-based chemotherapy in first-line
treatment of advanced non-small-cell lung cancer: an individual patient
data meta-analysis. J Nat! Cancer Inst 2007;99:847--57.

Grigovescu AC, Draghici IN, Nitipir C, Gutuleseu N, Corlan E.
Gemeitabine (GEM) and carboplatin (CBDCA) versus cisplatin
(CDDP) and vinblastine (VLB) in advanced non-small-cefl lung cancer
{NSCLC) stages 11 and 1V: a phase 1T randomiscd trial, Lung Cancer
2002;37:9-14.

. Cockeroft DW, Gault MH, Prediction of creatinine clearance from

scrum creatinine. Nephron 1976;16:31--41.

AH, Newell DR, Gumbrell LA, O’Rcilly 8,
Burnell M, Boxall FE, et al. Carboplatin dosage: prospective evaluation
of a simple formula based on renal function, J Clin Oncol
1989;7:1748 56,

Arbuck SG, Eisenhauer EA, Wanders ),
Kaplan RS, Rubinstein L. et al, New guidclines to cvaluate the response
to treatment in solid tumors. European Organization for Rescarch and
Treatment of Cancer, National Cancer Institute of the United States,
National Cancer Institute of Canada. J Natl Cuancer Inst 2000;
92:205~16.

. Langer C, Li S, Schiller J, Tester W, Rapoport BL, Johnson DI, ct al.

Randomized phase 1 trial of paclitaxel plus carboplatin or gemcitabine
plus cisplatin in Eastern Cooperative Oncology Group performance
status 2 non-small-cell lung cancer patients: ECOG 1599. J Clin Oncol
2007:25:418--23,

Lilenbaum RQC, Herndon JE, 2nd, List MA, Desch C,
Watson DM, Miller AA, ct al. Singlc-agent versus combination
chemotherapy in advanced non-smali-cell tung cancer; the cancer and
leukemia group B (study 9730). J Clin Oncol 2005;23:190 -6.

Ando Y, Minami H, Saka H, Ando M, Sakai 8, Shimokata K.
Adjustment of creatinine clearance improves accuracy of Calvert’s
formula for carboplatin dosing. Br J Cancer 1997,76:1067—71.
Buccheri G, Ferrigno D, Tamburini M, Karnofsky and ECOG
performance status scoring in lung cancer: a prospective, longitudinal
study of 536 patients from a single institution. Eur J Cancer
1996;32A:1135-41,

Radzikowska E, Glaz P, Roszkowski K. Lung cancer in women: age,
smoking, histology, performance status, stage, initial treatment and
survival, Population-bascd study of 20 561 cases, 4nn Oncol
2002;13:1087-93.

Phister DG, Johnson DH, Azzoli CG, Sausc W, Smith TJ, Baker S, Jr.
Amcrican Socicty of Clinical Oncology treatment of unicscetable

~ 138 ~

25.

26.

27.

28,

29.

30.

3L

32.

33.

34.

35,

Jpn J Clin Oncol 2009;39(9) 581

non-small-cell lung cancer guideline: update 2003. J Clin Oncol
2004;22:330~53.

The Elderly Lung Cancer Vinorelbine [talian Study Group, Effects of
vinorelbine on quality of life and survival of cliderly paticnts with
advanced non-small-ccll lung cancer, J Natl Cancer Inst 1999;91:
66—72.

Ranson M, Davidson N, Nicolson M, Falk 8, Carmichael J, Lopez P,
ct al. Randomized trial of paclitaxel plus supportive care versus
supporlive carc for patients with advanced non-small-cell lung cancer. J
Natl Cancer Inst 20600;92:1074--80.

Roszkowski K, Pluzanska A, Krzakowski M, Smith AP,
Saigi E, Aascbo U, et al, A multicenter, randomized, phasc 11 study of
docctaxel plus best suppoertive care versus best supportive carc in
chemotherapy-naive paticnts with metastatic or non-resectable focalized
non-small cell fung cancer (NSCLC), Lung Cancer 2000;27:145--57.
Anderson  H. Hopwood P, Stephens RJ,  Thatcher N,
Cotticr B, Nicholson M, et al. Gemcitabine plus best supportive carc
{BSC) vs BSC in inoperablc non-small cell lung cancer—-a randomized
trial with quality of life as the primary outcome. UK NSCLC
Gemeitabine Group, Non-Small Cell Lung Cancer. Br J Cancer
2000;83:447--53.

Helbekkmo N, Aascbo U, Sundstrom SH, von Plesses C, Brinsvig PF,
Bremnes RM; Norwegian Lung Cancer Study Group. Treatment
outcome in performance status 2 advanced NSCLC patients administered
platinum-bascd combination chemotherapy, Lung Cancer 2008:62:
253-60.

Kosmidis PA, Dimopoulos MA, Syrigos K. Nicolaides C,
Aravantinos G, Boukovinas I, ot al. Gomeitabine versus
gemcitabine-carboplatin for paticats with advanced non-small ccll lung
cancer and a performance status of 2: a prospective randomized phasc
11 study of the Hellenic Cooperative Oncology Group. J Thorac Oncol
2007:2:135-4Q.

Taylor AE, Olver IN, Sivanthan T, Chi M. Purncll C, Obscrver etror in
grading performance status in cancer patients. Support Care Cancer
1999;7:332--5.

Gebbia V, Galetta D, De Marinis F. Non small cell luog cancer paticnts
with ECOG PS2: unsolved questions and lessons from clinical trials,
Ann Oncol 2005;16(Supp! 4):iv123-31.

Firat S, Byhardt RW, Gore E. Comorbidity and Karnofksy performance
score arc independent prognostic factors in stage H1 non-smali-cell lung
cancer: an institutional analysis of paticnts treated on four RTOG
studies. Radiation Therapy Oncology Group. Inr J Radiut Oncol Biol
Phys 2002;54:357—64.

Frasci G, Lorusso V. Panza N, Comella P, Nicolella G, Bianco A, et al.
Gemcitabine plus vinorclbing versus vinorelbine alonc in clderly
paticnts with advanced non-small-cell lung cancer. J Clin Oncol
2000;18:2529-36.

Inoue A, Kobayashi K, Usui K, Maemondo M, Okinaga S, Mikami I,
ct al. First-line gefitinib for paticnts with advanced non-small-cclf lung
cancer harboring cpidermal growth factor vcceptor mutations without
indication for chemotherapy. J Clin Oncol 2009;27:1394 -400.



L) ] 1 *
original article A O oo

Published online 12 Merch 2009

Quality of life and disease-related symptoms in
previously treated Japanese patients with non-small-
cell lung cancer: results of a randomized phase Il study
(V-15-32) of gefitinib versus docetaxel

. Sekine™, Y. Ichinose?, Y. Nishiwaki®, N. Yamamoto®, M. Tsubol®, K. Nakagawa®, T. Shinkal”,
S. Negoro®, F. Imamura®, K. Eguchi®®, K. Takeda'", Y. Itoh'?, T. Tamura', N. Saijo® &
M. Fukuoka®

"Pvision of Internal Medicine and Thorecic Oncology, National Cancer Canter Hospital, Tokyo; 2pepartment of Thoracic Oncology, National Kyushu Cancer Cenler,
Fukuoka; SDepartment of Thoreclo Oncology, National Cancer Center Hospltal East, Chibg; “Division of Thoracic Oncology, Shizuoka Cancer Cenler, Shizucke;
Spepartment of Thoracle Surgery and Oncology, Tokyo Medical University Hospital, Tokyo; ®Department of Medical Onclogy, Kinkl University Schiool of Medicing,
Osaka; "Department of Intamal Medicine, Resplratory Division, NHO Shikoku Cancer Center, Ehime; *Deparimant of Thoracic Oncology, Hyogo Gancer Center, Hyogo;
Bpepartment of Pulmonary Oncology, Osaka Medical Center for Cancer and Cardiovascular Diseases, Osaka; "°Department of Internal Medicine and Medice!
Oncology, Telkyo Unlversity School of Medicing, Kanagaws; ""Department of Clinical Oncology, Osaka City Genoral Hospltal, Osaka and **Clinical DMision, Research
and Davelopmsnt, AstraZeneca KK, Osaka, Jopan

Received 11 Novemiber 2008; revised 14 January 2009; accepted 26 January 2009

Background: This report describes quality of life (Qol) findings of a randomized study comparing gefitinib with
docetaxel in patients with advanced/metastatic pretreated non-small-cell lung cancer,

Patients and methods: This open-label, phase lll study randomized 490 Japanese patients to gefitinib {250 mg/
day) or docstaxel (60 mg/m?/3 woeks), with survival as the primary outcome. Praplanned QoL analyses included
Fungctional Assessment of Cancer Therapy-Lung {FACT-L), Trial Outcome Index (TO)) and Lung Cancer Subscale
(LCS) improvement rates, and mean change from bassline.

Resuits: Gefitinib showed statistically significant benefits aver docetaxel in QoL improvement rates {FACT-L 28%
varsus 14%, P = 0.023; TOI 21% versus 9%, P = 0,002} and mean change from baseline score {mean treatment
difference: FACT-L 3.72 points, 85% confidence interval (Cl) 0.55-6.89, P = 0.022; TOI 4.31 points, 95% Cl 2.13~-
.49, P < 0.001), although differences did not mest the clinically relevant six-point change. There were no significant
differences between treatments in LCS improvement rates (23% versus 20%, P = 0.562) or mean change from
basefine scors (0.63 points, 85% Cl ~0.07 to 1.34, P = 0.077).

Concluslons; Gefitinib improved aspects of QoL over docetaxel, with superior objective response rate and a more
tavorable tolerabliity profils and no statistically significant difference in overall survival {although noninferiority was not
statistically proven).

Key words: docetaxel, gefitinib, non-small-cell lung cancer, quality of life

introduction inhibitor (EGFR TKI) gefitinib, have been investigated in this
setting [3-5].

In this randomized phase I study (V-15-32) comparing
Aoy . o gefitinib versus docetaxel in previously treated Japanese patients
(NSCLC) worldwide, including Japan; however, this is with NSCLC, the primary objective (noninferiority of gefitinib
associated with typical cytotoxic side-effects including versus docetaxel) was not statistically proven for overall survival
hematolf)glcal toxicity, espe.clally grade 3/4 x}e_utmpema {1, 2} (0S) [hazard ratio (HR) 1,12, 95.24% confidence interval (CI)
Alternative agents with an improved tolerability profile, such 0.89-1.40], according to the predefined noninferiority criterion
as the epidermal growth factor receptor tyrosine kinase (upper CI for HR < 1.25) (6]. However, there were no

statistically significant differences in OS (P = 0.330) or
*Correspondsnce fo; Or . Sekine, Division of Intemal Medicine and Thoracic Oncology, p rogression-free survival (PFS; p= 0'335) and geﬁtinib had
National Gancer Center Hospital, Tsulg) 5-1-1, Chuo-ku, Tokyo 104-0045, Japsn, " a superior objective response rate (ORR) and a more favorable
Tel: +81-3-3542-2511; Fax; +81-3-3542-3815; E-mal: isakine@nco.gojp tolerability profile than docetaxel. Because of the significant

Docetaxel is an established treatment of patients with
previously treated advanced non-small-cell lung cancer
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burden of disease-related symptoms in patients with advanced
NSCLC, improvements in health-related quality of life (Qol)
and symptoms are an important additional parameter to guide
treatment choice, particularly with the introduction of agents
with better tolerability profiles. Here, we report in detail the QoL
and symptom analyses of the V-15-32 study.

patients and methods

study design
This phase Il study compared the effects of gefitinib versus docetaxel in
Japanese patients with advanced/metastatic (stage HIb/IV) or recurrent
NSCLC who failed one or two chemotherapy regimens, Details of the study
design and eligibility criteria have been published [6]. The primary end
point was OS; the study aimed to show noninferiority of gefitinib versus
docetaxel, Secondary end points were PFS, time-to-treatment failure, ORR,
disease control rate, Qol, disease-related symptoms, safety, and tolerability.
The study was carried out in accordance with the Declaration of Helsinki
and the International Conference on Harmonization/Good Clinical
Practice (GCP), applicable regulatory requirements, and the AstraZeneca
policy on Bioethics. The study protocol was approved by each institutional
teview board and written informed consent was obtained from all patients,

Qol. assessments and analyses

The Fanctional Assessment of Cancer Therapy-Lung (FACT-L)
questionnaire was used to assess QoL at baseline and every 4 weeks during
study treatment until week 12, The FACT-L questionnaire is a validated,
self-report questionnaire comprising physical, functional, soclal/family,
emotional well-being subscales and Lung Cancer Subscale (LCS) {7). The
Trial Outcome Index (TOI), the sum of the physical, functional subscales,
and LCS is reported to be a precise indicator of functional outcomes {7].
Disease-related symptoms were assessed weekly using the LCS. As
previously reported {8}, clinically relevant improvement was defined as
change from baseline of 246 for FACT-L or TOT or 242 for LCS, on two
visits at least 28 days apart, The assessable for LCS and assessable for QoL
populations were subsets of the intent-to-treat (ITT) population with
nonmissing baseline and one or more nonmissing post-baseline LCS and
Qol assessments, Tespectively,

Preplanned analyses of FACT-L, TOI, and L.CS scores included the
following: mean change from baseline and 95% CI of the difference in mean
change from baseline scores hetween the groups (based on the
t-distribution; calculated as the difference between the mean overall
patients on a treatment of the within-patient average change from baseline
score); improvement, control (improvement or no change), and
worsening rates and the adds ratio between treatments (with 5% CI and P
value from a logistic regression model without covariates); and HR
(gefitinib/docetaxel) for time to worsening (with 95% CI and P value using
a proportional hazard model without covariates),

Table 1. Baseline FACT-L, TOI, and LCS scores {assessable population)

Annals of Oncology

Supporting post hoc analyses of FACT-L, TOI, and LCS scores included
the following: similar analyses using best change from baseline score instead
of mean change; mean and best change from baseline for each subscale with
two-sample -test comparing treatments; mean and best change from
baseline for individual questions; and correlation between mean change and
best change from baseline and tumor response.

results

patients

Of 245 gefitinib and 244 docetaxel patients {one patient in the
docetaxel arm was excluded due to GCP violation) in the ITT
population, 185 (76%) and 173 (719%) patients, respectively,
were assessable for QoL and 225 (92%) and 211 (86%) patients,
respectively, were assessable for LCS, The demographic
characteristics of the assessable for QoL and assessable for LCS
populations (Supplemental Table 1, available at Annals of
Oncology online) were representative of the overall study
population [6].

Qol. and disease-related symptoms at baseline

The baseline FACT-L, TOI, and LCS scores were similar
between treatment groups (Table 1).

compliance and evaluability

Baseline compliance rates [(evaluable questionnaires during the
treatment period)/{expected questionnaires) X 100] for
gefitinib and docetaxel were high: 92% and 86%, respectively,
for FACT-L and 93% and 87%, respectively, for LCS. During
the first 12-weeks treatment, compliance rates for gefitinib and
docetaxel were between 77% and 89% and 77% and 93%,
respectively, for FACT-L completion and between 76% and
989 and 71% and 98%, respectively, for LCS completion, with
smaller numbers of patients as time progressed as expected
(Supplemental Table 2, available at Annals of Oncology online).
Evaluability rates [(evaluable questionnaires during the
treatment period)/(received questionnaires) X 100] were also
high at between 88% and 100% (Supplemental Table 2,
available at Annals of Oncology online),

QoL and symptom improvement

Significantly, more gefitinib-treated patients experienced

a clinically relevant improvement in QoL (FACT-L and TOI)
compared with docetaxel (Figure 1), There was no evidence of
a difference between treatments in terms of symptom
improvement rates measured by LCS (Pigure 1),

Median(range). Mean + an ESD.
FACT-L 185 98.5 {64.0-100.0) 987 * 17.2 173 98,0 (49.3-138.0) 97.3 £ 17.5
TOI 185 58.4 (26.0-84.0) 580 * 124 173 59.0 {28.0-82.0) 57.8 = 12.6
LCS 225 19.0 {5.0-28.0) 194 £ 475 211 19.6 {5.0-28.0) 194 * 491

SD, standard deviation; FACT-L, Functional Assessment of Cancer Therapy-Lung; TOI, Trial Outcome Index; LCS, Lung Cancer Subscale,
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Figure 1. Improvement, worsening and control rates of (A) Functional Assessment of Cancer Therapy-Lung total, (B) Trial Outcome Index, and (C) Lung
Cancer Subscale score (assessable population),

Time to worsening was significantly longer on gefitinib than
docetaxel for TOI, numerically longer for FACT-L, and slightly
longer for LCS (Figure 2),

Mean change from baseline for FACT-L, TOI, and LCS at
each visit during the first 12 weeks of treatment is shown in
Supplemental Figure 1 (available at Annals of Oncology online).
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Figure 2. Time to worsening of {(A) Functional Assessment of Cancer
Therapy-Lung total, (B) Trial Outcome Index, and (C) Lung Cancer
Subscale score {assessable population).

Statistically significant differences between treatments in

mean change from baseline for QoL score (FACT-L and TOI)
in favor of gefitinib were observed, but the differences did not
meet the predefined, clinically relevant six-point change

(FACT-L: 3.72 points, 95% CI 0.55-6.89, P = 0.022; TOL 4.31
points, 95% CI 2.13-6.49, P < 0.001) (Table 2). There was no
significant difference between treatments in mean change from

1486 | Sekine et a,
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Table 2. Mean change during the first 12 weeks of treatment (assessable
populations)

It M;K e o A éﬁ 2 R
FACT-L 184 0.94 1548 173 —2.78 1496 3.72 {0.55 to 6.89) 0.022
TOI 185 0,81 10,22 173 —3.50 10.78 4.31 {213 to 649) <0.001
1Ccs 225 138 3.58 211 0,75 3.89 0.63 (—0.07 to L34) 0.077

8D, standard deviation; CI, confidence interval; FACT-L, Functional
Assessment of Cancer Therapy-Lung; TO, Trial Outcome Index; LCS,
Lung Cancer Subscale,

baseline for LCS score (0.63 points, 95% CI —0,07 to 1,34,
P =0,077) (Table 2),

Post hoc analyses of mean change from baseline in the FACT-
L subscales identified significant differences in favor of gefitinib
over docetaxel in the physical (P = 0.002) and functional well-
being subscales (P = 0.002) but not in the social/family
(P = 0.494) or emotional well-being subscales (P = 0.663)
(Figure 3).

In post hoc analyses, individual FACT-L questions with the
largest differences between treatments in mean change from
baseline (20.3 points difference of absolute value, all favoring
gefitinib) were ‘I am bothered by hair loss’ (difference 2.03
points; question not included in calcalating FACT-L, TOI,
and LCS scores); ‘I am content with the quality of my life
right now’ (0.47 points); ‘I am forced to spend time in bed’
(0.39 points); ‘I am enjoying the things I usually do for fun’
{0.33 points); ‘I am sleeping well’ (0.31 points); and ‘I have
a good appetite’ (0.31 points). No question favored docetaxel
by >0.21 points (Supplemental Table 3, available at Annals of
Oncology online),

The results of post hoc analyses of best change from baseline
score were consistent with the preplanned mean change from
baseline score analyses,

Qol. and symptom improvement by objective
tumor response

Mean change from baseline in FACT-L, TOl, and LCS
improved as best overall objective tumor response improved
for both gefitinib and docetaxel (Supplemental Table 4,
available at Annals of Oncology online). There was a higher
correlation between changes and tumor response for gefitinib
than docetaxel, which may be caused by more disperse
distribution of objective tumor response for gefitinib, Similar
results with slightly higher correlations were seen using best
change from baseline.

discussion

In this randomized phase III study in previously treated
advanced NSCLC, noninferiority of gefitinib versus docetaxel
was not statistically proven for OS, although there were no
statistically significant differences in OS or PFS between
treatments. However, gefitinib demonstrated statistically
significant benefits over docetaxel in QoL improvement rates
and mean change from baseline QoL score (measured by

Volume 20 | No. 9| September 2009
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Subscale Mean * 8D n P-valus
by t-test

Physical 4 i 185 0,002

well-being - 4 173

SoclalAamily ¥ 1 184 0.494
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Emotional } 4 185 0.663

well-being ¥ 4 173

Functional ¥ 1 185 0.002

wali-being N s 173

LCS ¥ 4 225 0.077

21

¥ ¥ 1 ¥

8 6 -4 -2
s Gefitinib

773 Docetaxal

SD, standard deviation; LCS, lung cancer subscale

Figure 3. Mean change of mean score from baseline for Functional Assessment of Cancer Therapy-Lung subscales {assessable population).

FACT-L and TOI) in addition to superior ORR and a more
favorable tolerability profile for gefitinib. Post hoc analyses
showed that the biggest differences in favor of gefitinib were in
the BACT-L physical and functional well-being subscales, the
two subscales thought the most responsive to short-term
changes {7}, Conversely, there were no significant differences
between treatments in symptom improvement rates or mean
change from baseline symptom score as measured by the LCS.
In line with these results, time to worsening of QoL tended to
be longer for gefitinib than docetaxel, significantly so for TOL
Further, post hoc analyses showed that there appeared to be

a higher correlation between QoL and symptom changes and
objective tumor response with gefitinib compared with
docetaxel, Compliance and evaluability rates were high
supporting the validity of these QoL data [9].

The QoL benefits seen in this study are consistent with other
studies of gefitinib and docetaxel [3, 4, 10-13], Docetaxel has
demonstrated symptom relief including improvements in
patient-rated pain scores (P = 0.005) and QoL with less
deterioration in Lung Cancer Symptom Scale (L.CSS) pain
score (P < 0.05) in pretreated patients with advanced NSCLC
compared with best supportive care [11]. Despite an
improved tolerability profile with pemetrexed, no
improvements were observed in QoL measurements compared
with docetaxel in a phase 1II second-line setting in
predominantly Western patients: symptom improvement
rates (219 versus 22%, respectively, measured by LCSS) and
rates of improvement or stabilization of anorexia (56% versus
619%), fatigue (55% versus 57%), cough (64% versus 64%),
dyspnea (64% versus 60%), hemoptysis (70% versus 73%), and
pain (64% versus 62%) were similar for pemetrexed and
docetaxel {12]. In a phase II study in previously treated patients
with advanced NSCLC (SIGN), QoL improvement rate of
gehitinib was higher than docetaxel (34% versus 26%) and the

Volums 20| No. 9 September 2009

mean change from baseline in FACT-L score was similar
between the treatments (1.55 versus 0.39, P = 0.63) [10}, A
larger international phase Ii1 study (INTEREST) with a very
similar design to V-15-32 but in predominantly Western
patients has established noninferior survival of gefitinib
versus docetaxel in 1466 patients with pretreated advanced
NSCLC [13]. Statistically significant benefits in QoL
improvement rates for gefitinib over docetaxel were also
observed in this study (FACT-L 25% versus 15%,

P < 0.0001; TOIL 17% versus 10%, P = 0.0026), with no
significant difference between treatments in symptom
improvement rates (LCS 20% versus 17%, P =0,1329) [13].
Another EGFR TKI, erlotinib, was associated with QoL
improvements [using the European Organization for Research
and Treatment of Cancer QoL questionnaire (QLQ-C30)}
compared with placebo [14] but no comparative data for
erlotinib versus docetaxel exist,

In conclusion, gefitinib demonstrated statistically significant
QoL benefits compared with docetaxel in the current study,
From this study, we believe that treatment with gefitinib
remains an effective treatment option with potential QoL
advantages for previously treated Japanese patients with locally
advanced/metastatic NSCLC.
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Abstract

The underlying mechanism regulating the expression of the
cancer stem cell/tumor-initiating cell marker CD133/prom-
inin-1 in cancer cells remains largely unclear, although
knowledge of this mechanism would likely provide important
biological information regarding cancer stem cells. Here, we
found that the inhibition of mTOR signaling up-regulated
CD133 expression at both the mRNA and protein levels in a
CD133-overexpressing cancer cell line. This effect was can-
celed by a rapamycin-competitor, tacrolimus, and was not
modified by conventional cytotoxic drugs. We hypothesized
that hypoxia-inducible factor-loc (HIF-1a), a downstream
molecule in the mTOR signaling pathway, might regulate
CD133 expression; we therefore investigated the relation
between CD133 and HIF-1c.. Hypoxic conditions up-regulated
HIF-la expression and inversely down-regulated CD133
expression at both the mRNA and protein levels. Similarly,
the HIF-1o activator deferoxamine mesylate dose-dependently
down-regulated CD133 expression, consistent with the effects
of hypoxic conditions. Finally, the correlations between CD133
and the expressions of HIF-1oo and HIF-13 were examined
using clinieal gastric cancer samples. A strong inverse
correlation (r = —0.68) was observed between CD133 and
HIF-1oy, but not between CD133 and HIF-183. In conclusion,
these results indicate that HIF-loo down-regulates CD133
expression and suggest that mTOR signaling is involved in the
expression of CD133 in cancer cells. Our findings provide a
novel insight into the regulatory mechanisms of CD133
expression via mTOR signaling and HIF-l1a in cancer cells
and might lead to insights into the involvement of the mTOR
signal and oxygen-sensitive intracellular pathways in the
maintenance of stemness in cancer stem cells, [Cancer Res
2009;69(18):7160-4]

Introduction

The CD133/prominin-1 protein is a five-transmembrane mole-
cule expressed on the cell surface that is widely regarded as a stem
cell marker. Growing evidence indicates that CD133 can be used as
a cell marker for cancer stem cells or tumor-initiating cells in colon

Note: Supplementary data for this article are available at Cancer Research Online
(http://cancerres.aacrjournals.org/).
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cancer, prostate cancer, pancreatic cancer, hepatocellular carcino-
ma, neural tumors, and renal cancer (1). Strict regulatory
mechanisms governing CD133 expression are thought to be deeply
related to inherent cancer stemness; however, such mechanisms
remain largely unclear, especially in cancer cells. In brain tumors,
the Hedgehog (2), bone morphogenetic protein (3), and Notch (4)
signaling pathways have been implicated in the control of CD133+
cancer stem cell function.

Some investigators have shown a relation between hypoxia and
CD133 expression in brain tissue. The percentage of CD133-
expressing cells was found to increase in a glioma cell line cultured
under hypoxic conditions (5), and mouse fetal cortical precursors
cultured under normoxic conditions exhibited a reduction in
CD133(hi)CD24(lo) multipotent precursors and the failure of
the remaining CD133(hi)CD24(lo) cells to generate glia (6). With
the exception of these studies in brain tissue, however, data on the
expression of CD133 and the involvement of hypexia and other
signaling pathways in cancer cells remains limited.

Several reports have indicated that mTOR is a positive regulator
of hypoxia-inducible factor (HIF) expression and activity (7), and
the inhibition of HIF-mediated gene expression is considered to be
related to the antitumor activity of mTOR inhibitors in renal cell
carcinoma (8). We found that mTOR signaling was involved in
CD133 expression in gastric and colorectal cancer cells. Thus, we
investigated the regulatory mechanism of CD133 in cancer cells,

Materials and Methods

Reagents, 5-Fluorouracil, irinotecan (CPT-11), and rapamycin were
purchased from Sigma-Aldrich. Gemcitabine was provided by Eli Lilly,
Tacrolimus (LKT Laboratories), LY294002 and wortmannin (Cell Signaling
Technology), and deferoxamine mesylate (DFO; Sigma-Aldrich) were
purchased from the indicated companies.

Cell cultures and hypoxic conditions. All of the 28 cell lines used in
this study were maintained in RPMI 1640 (Sigma) supplemented with 10%
heat-inactivated fetal bovine serum (Life Technologies), except for LoVo
(F12; Nissui Pharmacentical), WiDr, IM95, and HEK293 (DMEM; Nissui
Pharmaceutical), and Huvee (Humedia; Kurabo). Hypoxic conditions (0.1%
0,) were achieved using the AnaeroPouch-Anaero (Mitsubishi Gas
Chemical) with monitoring using an oxygen indicator.

Real-time reverse transcription-PCR. The methods were previously
described (9). The primers used for the real-time reverse transcription-PCR
(RT-PCR) were as follows: CD133, forward 5-AGT GGC ATC GTG CAA ACC
TG-3 and reverse §-CTIC CGA ATC CAT TCG ACG ATA GTA-3:
glyceraldehyde-3-phasphate dehydrogenase {(GAPD), forward 5-GCA CCG
TCA AGG CTG AGA AC-3" and reverse 5-ATG GTG GTG AAG ACG CCA
GT-3'. GAPD was used to normalize the expression levels in the subsequent
quantitative analyses.

Clinical samples. The mRNA expression levels of CD133, HIF-1a, and
HIF-18 in pastric cancer specimens were obtained from previously
published microarray data (9).
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Figure 1. Rapamycin up-reguiates CD133
expression, A, the mRANA expression levels
of CD133 were examined using real-time
RT-PCR in 26 cancer cell lines. B, the protein
expressions of CD133 were determined
using Western blotting in 16 gastric and
colorectal cancer cell lines. C, Western blot
of CD133 expression in WIDr cells exposed
to cytotoxic drugs {1 pmolil. of 5-fluorouracil
{5-FU), CPT-11, and gemcitabine (GEM)]
and rapamycin {1 pmoliL) for 48 h. Note
that only rapamycin up-regulates CD133
expression. D, WiDr cells were exposed to
rapamycin at the indicated concentrations
{0, 0.01, 0.1, 1, and 5 pmol/L) for 48 h.
Rapamycin dose-dependently up-regulated
CD133 expression. Rel. CD133 mANA,
normalized mRNA expression levels
(CD133/GAPD x 10%); Rapa., rapamycin.
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Immunoblotting. A Western blot analysis was performed as described Resuits
previously (10). The experiment was performed in triplicate. The following

antibodies were used: monoclonal CD133 antibody (W6B3C1; Miltenyi Biotec), . Inl'libition of the mTOR. signal llp.-regu!ates CD133 expres-
rabbit polyclonal HIF-1a antibody (Novus Biologicals, Inc.), B-actin antibody, sion In D 133"’“""""‘?"355“'1% gastrointestinal cancer cells. We
and HRP-conjugated secondary antibody (Cell Signaling Technology). examined the mRNA expression levels of CD133 in 26 cancer cell
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Figure 2. Rapamycin down-regulates HIF-1a expression and up-regulates CD133 expression at the transcriptional level. A, WiDr cells were exposed to rapamycin, the
rapamycin-competitor tacrolimus, and the phosphoinositide-3-kinase inhibitors LY294002 and wortmannin for 48 h at concentrations of 10 gmol/L. The inhibition of
mTOR signaling up-regulated CD133 expression. B, rapamycin up-regulated the expression of CD133 mRNA in WIDr cells In a ime-dependent and dose-dependent
manner. Columns, mean determined using real-time RT-PCR; bars, SD. C and D, rapamycin exposure and HIF-1a expression, WiDr cells were exposed to rapamyein
with/without tacrolimus at the indicated concentration for 48 h. Rapamycin down-regulated HIF-1« expression and inversely up-regulated GD133 expression;

these effects were canceled by tacrolimus. Rel. CD133 mRNA, normalized mRNA expression levels (CD133/GAPD x 10%); Rapa., rapamycin.
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lines using real-time RT-PCR. Several gastric, colorectal, and lung
cancer cell lines such as SNU16, IM95, HSC43, WiDr, and H69,
overexpressed CD133 (Fig, 14). The increased expression of CD133
protein was also confirmed in these cell lines (Fig. 1B). The mTOR
inhibitor rapamycin, but not cytotoxic drugs (5-fluorouracil, CPT-
11, and gemcitabine), increased the expression of CD133 in a dose-
dependent manner in CD133-overexpressing WiDr cells (Fig. 1C
and D). These results indicate that mTOR signaling is involved in
the expression of CD133 in cancer cells.

Rapamycin down-regulated HIF-lo expression and up-
regulated CD133 expression at the transcriptional level. To
examine the signal transduction of rapamycin-induced CD133
expression, we used the rapamycin-competitor tacrolimus and the
phosphoinositide-3-kinase inhibitors 1Y294002 and wortmannin.
Tacrolimus (10 pmol/L) completely canceled the up-regulation of
CD133 induced by rapamycin. The inhibition of phosphoinositide-
3-kinase by 1Y294002 (10 umol/L) and wortmannin (10 pmol/L)
also up-regulated CD133 expression (Fig. 24). Rapamycin up-
regulated CD133 expression at the transcriptional level in a dose-
dependent and time-dependent manner {Fig. 2B).

The inhibition of mTOR signaling is likely to lead to the down-
regulation of the expression of certain molecules because the
mTOR complex positively regulates the general translational
machinery. Under the inhibition of mTOR signaling, HIF-la,
among several downstream molecules of mTOR, can activate
transcription by acting as a repressor of specific transcription
factors such as the MYC-associated protein X homodimer (11).
Therefore, we focused on the possible role of HIF-la in the
regulation of CD133 expression. Rapamycin down-regulated HIF-
la expression but up-regulated CD133 expression (Fig. 2C).
Meanwhile, tacrolimus canceled the effect of rapamycin on the

expressions of HIF-la and CD133 (Fig. 2D). These resulis suggest
that the down-regulation of HIF-lo may mediate the up-regulation
of CDI133 expression in cancer cells. Up-regulation of CD133
expression by rapamycin was reproducibly observed in the CD133
high-expressing cell lines, but not in CD133 low-expressing cell
lines (Supplemental Fig. 52).

Induction of HIF-lo. down-regulates CD133 expression in
cancer cells. Hypoxia mediates the stabilization of HIF-1a protein
and enables its escape from rapid degradation, facilitating the up-
regulation of HIF-1o expression (12). Hypoxia strongly induced
HIF-1a expression, whereas CD133 expression was down-regulated
in all three CD133-overexpressing cell lines (Fig, 3A). Rapamycin
dose-dependently up-regulated CD133 expression under normoxic
conditions, but no effect was seen under hypoxic conditions. We
speculated that the effect of hypoxia on the induction of HIF-1la is
much higher than the effect of rapamycin on the down-regulation
of HIF-1cx. The expression of CD133 mRNA was also strongly down-
regulated under hypoxic conditions in all three cell lines (Fig. 38)
and in three additional cell lines (Supplemental Fig. 81).

In addition, DFO, a known HIF-la activator, induced HIF-la
expression in a dose-dependent manner but down-regulated the
expression of CD133 at both the mRNA and protein levels in
WiDr cells (Fig. 3C and D), and in three additional cell lines
(Supplemental Fig, $2). These results were consistent with those
obtained under hypoxic conditions. Both hypoxia and DFO
exposure markedly down-regulated CD133 expression, strongly
suggesting that induction of HIF-lat results in the down-regulation
of CD133 expression.

Inverse correlation between CD133 and HIF-lo in clinical
samples, Finally, to address whether CD133 and HIF-lo expression
are inversely correlated in clinical samples of gastric cancer
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Figure 3, Induction of HIF-1a down-regulates CD133 expression in cancer colls. A, three gastrointestinal cancer cell lines were exposed to rapamycin under normoxic
or hypoxic conditions for 24 h. Hypoxia induced HIF-1a expression and inversely down-regulated CD133 expression. B, hypoxia strongly down-regulated CD133

oxpression at the mRNA level. Columns,
down-reguiated CD133 expression in WiDr cells. D, DFO induced these effects
similar effects on HIF-1a induction and CD133 down-regulation. Ael. CD133 mANA,

mean determined using feal-time RT-PCR;
at both the mRNA and protein levels.

bars, SD. €, DFO, a known HIF-1a activator, induced HIF-1a expression and
Note that both hypoxia and DFO exposure had

normalized mRNA expression levels (CD133/GAPD x 10%; Rapa., rapamycin.
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specimens, we examined the expression of these molecules using
previously published microarray data (9). The expressions of CD133
and HIF-la were inversely correlated in gastric cancer {r = —0.68;
Fig. 4A4), whereas the expressions of CD133 and HIF-13 were not
(r = —0.05; Fig. 44). These results are consistent with the in vitro
findings in the present study.

Taken together, the present results suggest that an oxygen-
sensitive intracellular pathway involving both HIF-la and mTOR
signaling may, at least in part, regulate CD133 expression in cancer
cells (shown in the schema in Fig. 4B).

Discussion

Hypoxic conditions promote the proliferation of mammalian ES
cells more efficiently than normoxia and are thought to be required
for the maintenance of full pluripotency. Hematopoietic stem cells
are located in the bone marrow, which is a physiologically hypoxic
environment, and the survival and/or self-renewal of hematopoi-
etic stem cells is enhanced in vitro if the cells are cultured under
hypoxic conditions (13). Thus, accumulating data indicates that
oxygen levels influence specific cell fates in several developmental
processes; however, the effect of oxygen levels on cell differenti-
ation is thought to be context-dependent (14), Our data on CD133
expression in response to hypoxia were different from the previous
study shown in glioma (5). The discrepancy might be explained by
(a) a different cellular context in glioma from the others, becanse
CDI133 expressions of all cell lines including the WiDr, IM95,
SNU16, OCUM1, 44As3, and DLD-1 cells were reproducibly down-
regulated by hypoxic condition (Supplemental Fig. S1; Fig. 3B),
whereas the U251 cells failed to exhibit the down-regulation, and by
(b) the different detection methods in our study (Western blot and
quantitative real-time RT-PCR) from the previous report (flow
cytometry for CD133-positive cells).

The detailed mechanism responsible for the repressive role of
HIF-le« on CD133 expression is not fully understood; one
possible explanation is raised by MYC, which is also known as
c-Myc. HIF-1a binds to MAX and renders MYC inactive, and
HIF-1 (homodimers of HIF-1o and HIF-113) activates the expression
of MXI1 (MAX interactor 1), which binds to MAX and thereby
antagonizes MYC fanction (11). Recent reports have shown that
HIF-1o inhibits MYC activity, which is thought to have implications
for stem cell function (15, 16), Whether MYC directly activates
CD133 transcription remains unclear; our preliminary data indicate
that a MYC-inhibitor suppressed CD133 expression in WiDr cells.*
Because the gene amplification of MYC and MYCN is frequently
observed in many cancers, the relations among MYC, HIF-1q, HIF-
1P, HIF-2, and CD133 should be investigated in future studies.

In conclusion, we showed that the inhibition of mTOR signaling
up-regulated CD133 expression, whereas HIF-1a induction under

* Unpublished data.
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Efficacy Differences of Pemetrexed by Histology in
Pretreated Patients with Stage IlIB/IV
Non-small Cell Lung Cancer

Review of Results from an Open-Label Randomized Phase Il Study

Kaoru Kubota, MD, PhD,*} Seiji Niho, MD,* Sotaro Enatsu, MD, PhD,} Yoshihiro Nambu, MD, PhD,}
Yutaka Nishiwaki, MD,* Nagahiro Saijo, MD, PhD,*§ and Masahiro Fukuoka, MD§

Introduction: Recent pivotal phase [} studies in patients with
advanced non-small cell lung cancer (NSCLC) consistently showed
greater swrvival benefit of pemetrexed in patients with nonsquamous
cell carcinoma histology (nonsquamous histology) compared with
those with squamous cell carcinoma histology {squamous histol-
ogy). To confirm the efficacy differences of pemetrexed by histo-
logic type, we conducted an additional subgroup analysis of data
from a Japanese randomized phase 1l study evaluating the efficacy
and safety of pemetrexed 500 mg/m? (P500) and 1000 mg/ny®
(P1000) in patients with advanced NSCLC previously treated with
chemotherapy. The efficacy and safety results of original phase 11
study have already been reported (Ohe et al., Clin Cancer Res
2008;14:4206-4212).

Methods: Objective response rates (ORRs), overall survival time,
and progression-fice survival time were analyzed by subgroup of
histology, squamous, and nonsquamous, for the dosc groups com-
bined and separately.

Results: A total of 216 patients were evaluable for efficacy. Onc
hundred sixty-eight patients had nonsquamous and 48 had squamous
histology. ORRs were 20.8% and 2.1% (p < 0.001); median sw-
vival times (MST) were 16.0 and 8.5 months (p < 0.001); and
median progression-free survival times (PFS) were 3.1 and 1.6
months {p < 0.001) for nonsquamous and squamous histology,
respectively. In paticnts who were randomized to the P500 group,
ORR were 23,5% and 0% (p = 0.0062); MST were 19.4 and 7.9
months (7 < 0.001); and PFS were 3.1 and 1.4 months (» < 0.001)
for nonsquamous and squamous histology. respectively, In patients
who were randomized to the P1000 group. ORR were 18.1% and
4.0% (p = 0.1113); MST were 13.5 months and 8.6 months (p =
0.0971): and PFS were 3.1 and 1.7 months (p = 0.0024) for

*Division of Thoracic Oncology, National Cancer Center Hospital East;
+Division of Intemal Medicine and Thoracic Oncology, National Cancer
Center Uospital; fLilly Rescarch Laboratories, El Lilly Japan K.K,; and
§Division of Medical Oncology, Kinki University School of Medicine
Sakai lospital, Japan.
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Isogamidori, Chuo-ku, Kobe 651-(K186, Japan, E-mail: enatsu_sotaro@@lilly.com
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nonsquamous and squamous histology, respectively. There were no
clinically relevant differences in the incidence of toxicities between
histology groups.

Conclusions: This study showed the difference of pemetrexed
efficacy by histologic type. and this result suppornis the treatment-
by-histology effect observed in the past pivotal phase 11} studies.
Higher dose of pemetrexed resulted in similar outcomes both in
patients with nonsquamous histology and squamous histology. Pem-
etrexed is not as effective as alternative therapies for previously
treated squamous histology; however, pemetrexed should be the key
agent for the treatment of patients with nonsquamous histology.

Key Words: Pemetrexed, Non-small cell lung cancer, Nonsqua-
mous, Squamous, Histology.

(J Thorac Oncol. 2009:4: 000-000)

Two—drug combinations of the third-generation agents (do-
cetaxel, paclitaxel, gemcitabine, and vinorelbine) with a
platinum compound have been considered the standard treat-
ment option for advanced non-small cell lung cancer
(NSCLC) based on several randomized studies.'-* Histology
has not been consistently reported as prognostic or predictive
for outcomes with cytotoxic cancer chemotherapy in ad-
vanced NSCLC, until publication of a large phase 111 study
using cisplatin and pemetrexed.*

Pemctrexed is an inhibitor of thymidylate synthase,
resulting in decreascd thymidine nccessary for pyrimidine
synthesis, which is the primary mechanism of action.s¢ Pem-
etrexed also inhibits dihydrofolate reductase and glycinamide
ribonucleotide formy! transferase, the latter of which is a
folate-dependent enzyme involved in purine synthesis. Un-
like other classic antifolates, pemctrexed has a unique pyrro-
lopyrimidine nucleus and can inhibit multiple folatc-depen-
dent enzymes.

The phase I11 study comparing cisplatin plus gemcitab-
ine with cisplatin plus pemetrexed in chemotherapy-naive
patients with advanced NSCLC demonstrated noninferiority
of cisplatin plus pemetrexed to cisplatin plus gemcitabine in
the overall study population, with significantly less febrile
neutropenia, anemia, thrombocytopenia, and alopecia favor-
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Pemetrexed 500 mg/m? Day 1, q3w

Randomization®
n=244

Patients who received at least one dose of P500: n = 114
Patients included in efficacy analysis: n = 1086
RR = 18.5%; MST = 16.0 months

Pemetrexed 1000 mg/m? Day 1, q3w

Patiants who received at least one dose of P1000: n = 112"
Patients included in efficacy analysis: n = 108
RR = 14.8%, MST = 12.6 months

FIGURE 1. Trial design and efficacy data. From phase If randomized study.® NSCLC, non-small cell lung cancer; ECOG, Eastern
Cooperative Oncology Group; PS, performance status; q, every; w, weekly; n, number of patients; RR, response rate; MST, median
survival time. *Patients: stage WB/IV NSCLC, 1 to 2 prior chemotherapeutic regimens, and ECOG PS 0 to 2; Stratified by: gender,
ECOG PS, disease stage, platinum use, time for prechemotherapy, and study site, **One patient was excluded from statistical analy-

sis because the data of this patient was not available.

ing cisplatin plus pemetrexed.® This study showed that over-
all survival was statistically superior for cisplatin plus pem-
ctrexed in paticnts with nonsquamous histology. In contrast,
survival was shorter for cisplatin plus pemetrexed compared
with cisplatin plus gemcitabine in patients with squamous cell
carcinoma. This was the first phase 1T study in NSCLC that
prospectively demonstrated survival differences for chemo-
therapy based on histologic type.

In the subgroup analysis of the phase 11T study, which
compared pemetrexed alone with docetaxel in patients with
NSCLC previously treated with chemotherapy, also dem-
onstrated that overall survival was significantly longer for
pemetrexed versus docetaxel in patients with nonsquamous
histology, whereas conversely, survival was shorter for
pemetrexed compared with docetaxel in patients with
squamous histology.”

On the basis of these phase IIT results, we conducted an
additional subgroup analysis of data from a Japanese phase 11
study. which randomized previously treated paticnts with
NSCLC to pemetrexed 500 mg/m? (P500) or 1000 mg/m?
(P1000) to further examine efficacy differences for pemetrexed
by histology. The efficacy and safety results of original phase 11
study have already been reported®; Figure 1 shows the trial
design and efficacy data of this phase II study. Of the 216
patients cvaluable for efficacy (108 in cach arm), response rates
were18.5% (90% confidence interval, 12.6-25.8%) and 14.8%
(90% confidence interval, 9.5-21.6%), median survival times
(MSTs) were 16.0 and 12.6 months, |-year survival rates were
59.2% and 53.7%, and median progression-frce survival were
3.0 and 2.5 months for the P500 and P1000, respectively.
Drug-related toxicity was generally tolerable for both doses.

PATIENTS AND METHODS

Trial Design
We analyzed the data from the randomized, open-label,
multicenter study® in which patients were registered through

the central registration system. Two hundred forty-four pa-
tients with advanced NSCLC previously treated with chemo-
therapy at 28 medical institutions in Japan werc registered
between October 2004 and October 2003, and 226 patients
were randomized to receive either pemetrexed 500 mg/m?
(P500) or 1000 mg/m? (P1000) (Figure 1). The randomization
was done by an independent registration center and was
dynamically balanced for Eastern Cooperative Oncology
Group performance status (PS), previous platinum chemo-
therapy, disease stage, gender, a time from prior chemother-
apy to the enrollment, and hospital. Patients were balanced
with respect to the study drug in cach stratum for each
prognostic factor using the minimization method. The pri-
mary end point was responsc rate, and the secondary end
points included overall survival time, progression-free sur-
vival time, and incidence of toxicities.

The sample size was calculated to ensure that the
response rate in each group exceeded 5%.% The study was
conducted in accordance with the cthical principles stated
in the Declaration of Helsinki after being approved by the
institutional review board of individual hospitals. Pri-
mary results of this trial and further details regarding the
study design and statistical analyses have been published
previously.®

Patients and Treatment

Patients who satisfied all of the following criteria weve
included into the study®: age 20 to 75 years, performance
status 0 to 2, stage [11 or 1V diagnosed by images before the
registration to this study, NSCLC confirmed by histology or
cytology, at least one measurable tumor according to the
Response Evaluation Criteria in Solid Tumor (RECIST cri-
teria),? previously received one or two chemotherapy regi-
mens for NSCLC, adequate organ function, life expectancy of
at least 12 wecks, and written consent to participate in the
study. Histologic subtypes outcome of NSCLC were exam-
ined in each institution.

2 Copyright © 2009 by the Internalional Association for the Study of Lung Cancer
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Patients were randomly allocated to either pemetrexed
500 mg/m® (PS00) arm or pemetrexed 1000 mg/m? (P1000)
arm. Pemetrexed was administered as an intravenous, 10-
minute infusion on day 1 of a 21-day cycle. Patients were
instructed to take orally 1 g/d of a multivitamin containing
500 pg folic acid from at least 7 days before the day 1 of
cycle 1 until 22 days after the last administration of pem-
etrexed. Vitamin B, (1000 ug) was injected intramuscularly,
at least 7 days before the day 1 of cycle 1 and repeated every
9 weeks until 22 days after the last administration of
pemetrexed,

Assessments

The antitumor effect of pemelrexed was evaluated
bascd on the RECIST criteria, Response rate represented the
percentage of patients whose best overall response had been
either complete response or partial response. Survival time
was defined as the period from the registered datc of first
administration until the date of death regardless of the cau-
sality with pemetrexed. Progression-fiec survival time was
defined as the period from the registered date of first admin-
istration until the day on which progressive disease was
determined or the date of death regardless of the causality
with pemetrexed. All adverse events were graded based on

the Common Terminology Criteria for Adverse Events, ver-
sion 3.0.

Statistical Analysis

Of 226 patients enrolled in the study, the efficacy
analysis included 216 patients who satisfied all the inclusion
criteria, did not meet any of the exclusion criteria, and
received at least one dose of pemetrexed. The safety analysis
included 225 patients who received at least one dose of
pemetrexed.

Efficacy and safety results were analyzed by histology
for the dose groups combined and separately. Response rates,
disease control rates, overall survival time, and progression-
free survival time were compared between the histologic
types {nonsquamous and squamous histology) for the P500
and P1000 arms combined and separately, Differences of
response rates were compared by using Fisher’s exact test. A
Kaplan-Meier method was used to estimate overall survival
time and progression-free survival time. Differences of time-
to-event distributions by histology were compared using a
log-rank test. A Cox proportional hazard modc! was used for
hazard ratio cstimation (squamous/nonsquamous histology).
Two-sided significance level of 5% was used in all tests. In
the safety analysis, number of deaths, serious adverse events,

TABLE 1. Characteristics of Patients
Nonsguamous Squamous
Variable P500 P100OO Total P50 P1000 Total
Patients who received at feast 1 dose 89 85 174 25 26 51
of pemetrexed, n

Gender, n (%)

Female 40 (44.9) e (424 76 (43.7)  2(8.0) 4(154) 6(11.8)

Male 49 (55.1) 49 (57.0) 98 (56.3)  23(92.0) 22(84.6) 45(88.2)
Age (yr)

Median 60 [ 67 64 [

Range 37-74 2674 26-1 58-74 50-74 50-74
ECOG PS, n (%)

0 34(38.2)  29(34.) 63(36,2) 11440y B(30.8) 19(37.3)

I 50(56.2)  S1(60.0) 101(58.0) 13(52.0) 17(654) 30(58.8)

2 3(5.6) 5{5.9) 10(5.7) I (4.0) 1(3.8) 2{3.9)
Disease stage, n (%)

m 15(16.9) 16(18.8) JIL(17.8)  7(28.0) 8(30.8) 15(29.4)

v 74 (83.1) 69 (81.2) 143(82.2) (B(72.0) 1B (69.2) 136(70.6)
No. of prior chemotherapy, 2 (%)

I 32 (36.0) 39(45.9) 71(40.8) 12(48.0) 14(53.8) 26(51.0)

2 54(60.7)  45(52.9)  99(56.9) 13 (52.0) 12(46.2) 25(49.0)

3 3{(34) 1(12) 4(2.3) 0(0.0) 0¢0.0) 0(0.0
Prior platinum, # (%)

No 4 (4.5 6(7.1) 10 (5.7) 280 1(3.8) 3(59)

Yes 85(95.5) 79(929) 164(94.3) 23(92.0) 25(96.2) 48 (94.1)
tnterval from last prior chemotherapy,

n (%)
=3 mo 31 (34.8) 34 (40.0) 65(374) 114400 11 (423) 22431
<3 mo 58(65.2)  S1(OL0) 109(62.6) 14(56.0) 15(57.7) 29(56.9)

n, sumber of paticnts; P00, penwetrexed SO0 mg:m?® arm: P00, pemetrexed 1000 mypm? anm: ECOG PS. Eastern Cooperative

Oneology Group performance status.
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grade 2 adverse events, and grade 3/4/5 adverse events were
calculated separately for nonsquamous and squamous histol-
ogy in each dose group.

RESULTS

Patient Characteristics

Patient characteristics are shown by histology and dose
group (P500 or P1000) in Table 1. Total of 225 patients
received pemetrexed 500 mg/m? or 1000 mg/m? at least once

TABLE 2. Summary of Efficacy Results by Histology

Nonsquamous Squamous
Variable (n = 168) (n = 48) r
Response rate (%5) 20.8 2.1 <0.001¢
Discase control rate (%) §7.1 29.2 <0001
Overall survival 16.0 8.5 <0.001"
(median) (o)
Progression-fiee survival 3.1 1.6 <0.001"

(median) (mo)

# Fisher's exact test,
b Log-rank lest.
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during the study. Bascline patient characteristics by histology
were well balanced between the two dose groups.

Efficacy

Results of the efficacy analysis (response rate, disease
control rate, overall survival time, and progression-free sur-
vival time) by histology for the dose groups combined are
summarized in Table 2. Kaplan-Meier curves for overall
survival time and progression-free survival time are shown in
Figures 24, B, respectively. Response rates in patients with
nonsquamous and squamous histology were 20.8% (35/168)
and 2.1% (1/48) (p < 0.001), and disease control rates in
patients with nonsquamous and squamous histology were
57.1% (96/168) and 29.2% (14/48) (p < 0.001), respectively.
MSTs in patients with nonsquamous and squamous histology
were 16.0 and 8.5 months (hazard ratio, 2.11; log-rank test,
p < 0.001), and median progression-free survival times were
3.1 and 1.6 months (hazard ratio, 2.19; log-rank test, p <
0.001), respectively.

Results of the efficacy analysis {response rate, overall
survival time, and progression-free survival time) by histol-
ogy for each dose group are summarized in Table 3. Kaplan-
Meier curves for overall survival time and progression-free
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FIGURE 2. 4, Kaplan-Meier curves for overall survival by histology. B, Kaplan-Meier curves for progression-free survival by

histology. MST, median survival time,

TABLE 3. Summary for Efficacy Results by Dose and Histology

P500 P1000
Nonsquamous  Squamous Nonsquamous  Squamous
(n = 85) (n = 23) P (n = 83) (n = 25) b
Response rate (%) 235 0.0 0.0062" 181 4.0 01113
Disease control rate (%) 62.4 304 0.0088¢ 51.8 28.0 0.0419¢
Overall survival 19.4 7.9 <0001 3.5 8.6 0.0971¢
(median) (mo)
Progression-free survival 31 1.4 <0.001¢ 3.1 1.7 0.0024°

{median) {mo)

Adjustment of multiplicity was not performed.
? Fisher’s exact test,

# Survival rate was 50.03%.

* Log-rank test,

P500, pemetrexed $00 mpim? g P1OGU. pemetrexcd 1000 mp/m? anm,
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FIGURE 3. Kaplan-Meier curves for overall survival by dose and histology: (A) patients treated with pemetrexed 500 mg/m? and
(B) patients treated with pemetrexed 1000 mg/m?. Kaplan-Meier curves for progression-free survival by dose and histology: (Q) pa-
tients treated with pemetrexed 500 mg/m? and (D) patients treated with pemetrexed 1000 mg/m?. MST, median survival time.

survival time are shown in Figures 34-D. Response rates of
nonsquamous and squamous histology patients were 23.5%
(20/85) and 0% (0/23) in P500 (» = 0.0062) and 18.1%
(15/83) and 4.0% (1/25) in P1000 (p = 0.1113). Disease
control rates of nonsquamous and squamous histology pa-
tients were 62.4% (53/85) and 30.4% (7/23) in P500 (p =
0.0088) and 51.8% (43/83) and 28.0% (7/25) in P1000 (p =
0.0419). In the PSO0 group, median overall survival time was
19.4 months in patients with nonsquamous histology (sur-
vival rate: 50.03%) and 7.9 months in patients with squamous
histology patients (incidence of cevents: 50.00%) (hazard
ratio, 2.90; log-rank test, p < 0.001). In the P1000 group,
median overall survival time was 13.5 months in patients
with nonsquamous histology and 8.6 months in patients with
squamous histology (hazard ratio, 1.56; log-rank test, p =
0.0971). Median progression-free survival time was 3.1
months in patients with nonsquamous histology and 1.4
months in patients with squamous histology in the P500
group (hazard ratio, 2.23; log-rank test, p < 0.001), In the
P1000 group, median progression-free survival time was 3.1
months in patients with nonsquamous histology and 1.7
months in patients with squamous histology (hazard ratio,
2.06; log-rank test, p = 0.0024).

Safety

The safety of pemetrexed 500 mg/m? and 1000 mg/m*
has been reported by Ohe et al.® Major adverse events
occurred in the study participants are shown by dose group
(P500 and P1000) and histology in Table 4. Grade 3/4/5
pneumonitis regardless to causality with pemetrexed was
observed in two nonsquamous and two squamous histology
patients in the P500 group and one nonsquamous and two
squamous histology patients in the P1000 group. Toxicities
occurred in both dose groups were tolerable, and there were
no clinically relevant differences in the incidence of toxicities
by histology.

DISCUSSION

The results of subgroup analysis demonstrated efficacy
differences of pemetrexed by histology in pretreated patierits
with advanced NSCLC. Objective response rate of pem-
ctrexed was 20.8% in patients with nonsquamous histology
and only 2.1% in squamous histology patients. Overall sur-
vival and progression-free survival were significantly better
for patients with nonsquamous than squamous histology.
MST of 16.0 months in nonsquamous histology patients is
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TABLE 4, Major Hematologic and Nonhematologic Toxicity by Common Terminology Criteria for Adverse

Events Version 3.07

P500

P1000

Nonsquamous (1 = 89)

Squamous (# = 25)

Nonsguamous (# = 85) Squamous (i1 = 26)

Grade 2 Grade 3/4/5 Grade 2 Grade 3/4/5

Grade 2 Grade 3/4/5 Grade 2 Grade 3/4/5

Leukopenia 36.0 135 200
Neutropenia 28.1 213 16.0
{Lymphopenia 315 6.7 240
Anemia 19,1 5.6 28.0
Thrombaoeytopenia 0 b 0

Nausea 169 11 16.0
Vomiting 9.0 11 8.0
Anorexia 19.1 2.2 8.0
Faligue 2.2 N 8.0
Diarrhea 34 11 0

Constipation 9.0 (N ¢

Rash 51.7 34 44.0
Alopecia 0 0 4]

Pneumonitis 1 22 4.0
AST 27.0 6.7 4,0
ALT 202 19.1 8.0

20,0 40.0 271 34.6 38
20,0 294 282 23,1 tLS
40.0 259 259 34.6 7.7
20.0 40.0 8.2 19.2 154
) 8.2 0 1.7 38
4,0 17.6 3.5 7.1 338
0 10.6 35 154 ]
12,0 15.3 14.1 .S 19.2
¢ 4.7 1.2 38 11.5
0 3.5 24 38 0
U] 59 35 77 38
0 63.5 59 615 0
0 0 0 0 0
8.0 0 1.2 0 7.1
12.0 294 5.9 HLS 0
t2.0 353 9.4 23.1 38

The valucs are given in percentage.
* Major adverse cvents of grade 2 or grade 3/4¢5 are showa irrespes

tive of causal elationship with pemetrexed,
PSOQ, pemetrexed 300 mg w2 arm: P1O0Y, pemetrexed 1000 yHg/m? anm:

AST. aspartate aminotransferases ALT, alanine wminotransferase,

encouraging in this situation. The efficacy of pemetrexed for
nonsquamous histology was shown in the recommended
dose of 500 mg/m? and also in the higher dose of 1600
mg/m>. Higher dose of pemetrexed resulted in similar
outcomes both in patients with nonsquamous histology and
squamous histology.

The difference in survival benefit of pemetrexed be-
tween the histologic types may in part be explained by a
differential cxpression of thymidylate synthase, which is the
primary mechanism of actions. In specimens from chemona-
ive patients with carly-stage NSCLC, expression of thymidy-
Jate synthase was observed to be elevated in squamous
histology compared with adenocarcinoma.’® A preclinical
study showed the overexpression of thymidylate synthase
was associated with the decreased in vitro sensitivity of
pemetrexed.!! Translational studies are nceded to evaluate
biologic markers using clinical samples.

Pemetrexed was well tolerated in both the P500 and
P1000 arms,® and also there were no clinically relevant differ-
cnces in the toxicitics between histologic groups. This is in
contrast to vascular endothelial growth factor inhibitors, e.g.,
bevacizumab, which have an increased risk of life-threatening
toxicities in patients with certain squamous cell lung tumors.

A randomized phase I1I trial designed to evaluate main-
tenance chemotherapy of pemetrexed versus placebo after
platinum-based chemotherapy demonstrated that progression-
free and overall survival were significantly longer with pem-
etrexed in patients with nonsquamous histology, whereas no
treatment advantage was observed in patients with squamous
histology.!213 This is the third phase 111 study to demonstrate
efficacy differences by histology in the treatment of advanced
NSCLC.

6

It has been regarded that two drug combinations of
platinum agents with third gencration agents have similar
efficacy.'*!s Gemcitabine-containing regimens showed sig-
nificant longer progression-free survival than nongemcitab-
ine-containing regimens in a meta-analysis.'s Thus, cispaltin
plus gemcitabine is onc of the most active regimens for
NSCLC. However, the randomized trial comparing cisplatin
plus pemetrexed with cisplatin plus gemicitabine demon-
strated statistically significant survival benefit favoring cis-
platin plus pemetrexed in patients with nonsquamous histol-
ogy. Considering the consistent results of other studies*!?
using pemetrexed and favorable toxicity profile, cisplatin plus
pemetrexed should be a reference regimen in future trials for
patients with nonsquamous histology.

In conclusion, the results of subgroup analysis showed
the difference of pemetrexed efficacy by histologic type, and
this result supports the treatment-by-histology effect ob-
served in the past pivotal phase TII studies. Higher dose of
pemetrexed resulted in similar outcomes both in paticnts
with nonsquamous histology and squamous histology.
Pemetrexed is not as effective as alternative therapics for
previously treated squamous histology, however, pem-
etrexed should be the key agent for the treatment of
patients with nonsquamous histology.
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Abstract

Purpose Nedaplatin is a second-generation platinum
showing favorable activity against non-small cell lung
cancer (NSCLC). Dose-limiting toxicity (DLT) is throm-
bocytopenia, predicted by creatinine clearance (Cer). This
study was conducted to determine the recommended dose,
and evaluate the toxicities, pharmacokinetics and efficacy
for elderly NSCLC patients.

Methods Patients >70 years were stratified into two
groups based on renal functions: Group A, Cer > 60 and
Group B, 40 < Cer < 60. The initial doses were 80 and
60 mg/m” in Groups A and B, respectively. The doses were
escalated in 20-mg/m? increments to 100 mg/m® until
DLT.

Results Chemotherapy-naive 39 elderly patients (Group
A/Group B: 22/17) received a total of 83 cycles. Major
toxicities were hematological. In Group A, one of the 15
patients at 100 mg/m?” experienced DLT (neutropenia) and

Presented in part at the 36th annual meeting of the American Society
of Clinical Oncology, New Orleans, LA, 19-23 May 2000.

Noboru Yamamoto (£4) - T, Tamura - 1. Sekine - H. Kunitoh -
Y. Ohe

Division of Internal Medicine, National Cancer Center Hospital,
5-1-1, Tsukiji Chuo-ku, Tokyo 104-00435, Japan

e-mail: nbryamam@uncc.go.jp

T. Kurata
Cancer Chemotherapy Center, Osaka Medical College,
Osaka, Japan

Nobuyuki Yamamoto
Division of Thoracic Oncology, Shizuoka Cancer Center
Hospital, Shizuoka, Japan

N. Saijo
National Cancer Center Hospital East, Kashiwa, Japan

the recommended dose was determined at 100 mg/m> In
Group B, three of the five patients had DLTs (leukopenia,
neutropenia, thrombocytopenia and febrile neutropenia) at
100 mg/m?, and the recommended dose was determined at
80 mg/m>. The percentage decreases of neutrophil were
well correlated with total and free-Pt AUCs. Partial
responses were observed in 13 (33%) of the 39 patients,
and 12 of the 13 patients who responded had a squamous
cell carcinoma,

Conclusions Nedaplatin was administered simply and
feasibly by stratifying renal function and exerted favorable
antitumor activity for elderly patients with NSCLC, espe-
cially on squamous cell carcinoma.

Keywords Nedaplatin - Dose-finding study -
Pharmacokinetics - NSCLC - Elderly patient

Introduction

The proportion of elderly patients with non-small cell
lung cancer (NSCLC) is increasing [1]. At present, the
first-line standard chemotherapy for non-elderly patients
with advanced NSCLC is a platinum-based doublet regi-
men, The efficacy and feasibility of this strategy have
been demonstrated in several randomized trials in patients
with a good performance status and aged <70 years
{2-4]. However, platinum-based doublet regimens are not
always feasible for elderly patients. Age-related comor-
bidity and physiologic changes increase inter-individual
pharmacokinetic variability, possibly leading to unac-
ceptable severe toxicities. In particular, application of a
cisplatin-based regimen to elderly patients is substantially
restricted because of the risk of emesis, neurotoxicity and
nephrotoxicity.
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