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Efficacy, toxicity and cost analysis for non-platinum triplet (gemcitabine and vinorelbine, followed by
docetaxel) vs. platinum-based chemotherapy in IIB/IV non-small-cell lung cancer: single-institution
experience

A new non-platinum sequential triplet combination chemotherapy regimen, comprising gemcitabine
{1000 mg/m? and vinorelbine (25 mg/m?), followed by docetaxel (60 mg/m?|, was compared in terms of
efficacy, toxicity and cost with platinum-based chemotherapy regimens (comprising cisplatin plus one or more
other anti-tumour drugs) for the treatment of advanced non-small-cell lung cancer in a matched, small-sample
size, case-control study. Patients were selected from a single institution. Patients in the platinum and
non-platinum groups were matched for clinical stage (IIIB/IV), performance status (0/1), age and sex. For the
non-platinum and platinum groups, the overall response rates were 40% and 47%, and the median survival
times were 14 and 14.5 months respectively. The most common grade 3-4 toxicity was neutropenia (27%) in
the non-platinum group and nausea/vomiting (67%) in the platinum group. The total treatment cost did not
differ significantly between the two groups. The non-platinum sequential triplet combination chemotherapy
regimen studied was shown to be as effective as the traditional cisplatin-based combination chemotherapy
regimen, and was associated with less toxicity.
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INTRODUCTION

Lung cancer is a major cause of deaths from cancer in
Japan, the USA and the European Union. Non-small-cell
lung cancer (NSCLC) accounts for about 80% of patients
with lung cancer in Japan (Ministry of Health and Welfare
2000). Cisplatin (CDDP)-based chemotherapy has been
shown to confer a certain survival benefit for patients
with advanced NSCLC [Non-small Cell Lung Cancer Col-
laborative Group 1995), and use of CDDP has been found
to be an independent predictor of survival (Grilli et al.
1993). A drawback of CDDP-based chemotherapy, how-
ever, is its serious toxicity; its side effects include severe
nausea, vomiting, renal toxicity requiring adequate hydra-
tion, and neuropathy, which increases the difficulty asso-
ciated with treating elderly patients and outpatients.

Recently, new chemotherapeutic agents, such as the
taxanes, vinorelbine (VNR|, gemcitabine (GEM), and
several non-platinum combinations have been developed
for the treatment of NSCLC, The new non-platinum com-
bination of GEM plus VNR has been shown to be active
for the treatment of NSCLC, and seems to be less toxic
than platinum-based combinations, including those
involving CDDP [Non-small Cell Lung Cancer Collabora-
tive Group 1995; Lorusso et al. 1998, Feliu et al. 1999;
Isokangas et al. 1999, Beretta et al. 2000, Chen et al. 2000;
Frasci et al. 2000; Lorusso et al. 2000; Krajnik et al. 2000;
Herbst et al. 2002; Gridelli et al. 2003). Treatment with
docetaxel (DOC]| alone has also been shown to confer a
survival benefit, especially as a second-line treatment
[Roszkowski et al. 2000). Recently, a new non-platinum
sequential triplet combination, GEM plus VNR, followed
by DOC, was evaluated for 44 chemotherapy-naive
patients with advanced NSCLC in a phase II study con-
ducted by the Japan Multinational Trial Organization
(JMTO). The response rate in that study was 47.7%, and
the median survival time (MST) was 15.7 months, with a
1-year survival rate of 59%. Grade 3-4 neutropenia was
seen in approximately 36% of patients during the GEM/
VNR cycles, and in 39% of patients during the DOC
cycles. Overall, only 2.3% of patients experienced grade
3-4 thrombocytopenia, and 4.5% experienced grade 3—4
anaemia (Hosoe et al. 2003). Given that this non-platinum
combination has been found to be very active and well
tolerated by patients, it is likely that the regimen will also
be suitable for elderly patients and outpatients.

On the basis of these observations, we conducted a
case-matched retrospective study as a part of the afore-
mentioned phase I study to assess the non-platinum
sequential triplet combination in terms of efficacy, safety
and cost relative to platinum-based combinations.
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PATIENTS AND METHODS
Patient selection

This study was performed as a part of the phase II trial
[TMTO LC00-02) conducted by [MTO (Hosoe et al. 2003).
The criteria for patient selection (eligibility and exclusion
criteria) are summarized in Table 1. Fifteen patients who
were enrolled in the phase II trial at the National Hospital
Organization Kinki-chuo Chest Medical Center, who
received non-platinum triplet chemotherapy (GEM and
VNR, followed by DOC) during the period between May
2000 and February 2001, comprised the non-platinum
group. For the platinum group, in order to ensure that the
two groups were comparable, we selected 15 eligible
patients from the pool of all NSCLC patients (n = 124)
who received CDDP-based chemotherapy between April
1998 and February 2001 at the same institution, by match-
ing each patient in the non-platinum group for stage (I1IB/
IV), performance status (0/1), age and sex. The protocol of
this study was approved by ethical committees at Kyoto
University and the National Hospital Organization Kinki-
chuo Chest Medical Center.

Chemotherapy regimens

Patients in the non-platinum group were first treated with
both GEM (1000 mg/m?| and VNR (25 mg/m?) on days 1
and 8 of three cycles of 21 days each, followed by a further
three cycles of 21 days each, during which DOC (60 mg/
m?) was administered on day 1 of each cycle (Hosoe et al.
2003). Patients in the platinum group received CDDP-

Table 1. Criteria for patient selection

Eligibility criteria

#® Eastern Cooperative Oncology Group performance status 0-1

® Over 18 years old [no upper age limit)

® Stage [V or IIIB non-small-cell lung cancer [with malignant
pleural effusion and/or pulmonary nodule(s] in the same lobe
as the primary lesion|

® Unidimensionally measurable disease

Exclusion criteria

@ Presence of apparent interstitial pneumonitis, massive
pleural cffusion requiring thoracentesis, uncontrollable
diabetes mellitus, heart diseases, history of another cancer
|excluding non-melanomatous skin cancer and in situ
cervical cancer)

® Reduced bone marrow, pulmonary, renal or hepatic function

® Stage [IB discase with pulmonary nodule(s) at the same lobe

of the primary lesion (if they could be considered ro indicate

that the patient had undergone radiation therapy or

operation)

Presence of asymptomatic central nervous system

met was not dered an exclusion criterion
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based chemotherapy without any restrictions on other
concomitant drugs, amount of medication, or number of
treatment cycles.

Endpoints

The endpoints of this study were tumour response to
chemotherapy, recurrence-free survival time, toxicity
and cost of treatment. Haematological and non-
haematological toxicity were evaluated using the Na-
tional Cancer Institute’s Common Toxicity Criteria,
version 2.0. For patients who underwent two or more
cycles of chemotherapy, the response was evaluated using
the Response Evaluation Criteria in Solid Tumors [Ther-
asse et al. 2000]. The recurrence-free survival time refers
to the period of time between the day treatments began
and the day of recurrence or death. The recurrence-free
survival time was censored at the end of follow-up. The
total cost of treatment was evaluated using patients’
receipts, and comprised the cost of chemotherapy (cost of
drugs plus costs associated with drug administration) plus
the cost of hospitalization, ambulatory care and support-
ive care for other adverse events or complications. The
cost of granulocyte-colony stimulating factor (G-CSF) for
each patient was also calculated. The average cost per
month was calculated. The endpoints were evaluated
during the period between the month in which the che-
motherapy began and 1 month after the completion of
chemotherapy.

Statistical methods

Differences between the characteristics of patients in the
two groups were evaluated using the t-test for quanutative
variables and Fisher's exact test for categorical variables,
Comparisons of the response rate and the incidence of
toxicity events between groups were carried out using
Fisher's exact test. The survival rate was estimated for
each group using the Kaplan-Meier method. Comparisons
of survival between groups were performed using the log
rank test. Monthly medical costs were compared using the
Wilcoxon rank-sum test. Subgroup analyses were carried
by dividing the patients into elderly (65 years or older] and
non-elderly groups. Statistical analyses were performed
using sAs version 8.0 (SAS Institute, Cary, NC, USA|.

RESULTS
Patient characteristics

The characteristics of patients participating in this study
are summarized in Table 2. The distribution of these
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factors is almost identical between groups, because each
patient in the platinum group was selected by matching
each patient in the non-platinum group for stage (IIIB/TV],
performance status (0f1), age and sex. With respect to
histological diagnosis, the non-platinum group included a
smaller number of patients with adenocarcinomas but a
greater number of patients with large cell carcinomas than
the platinum group. The dosage of CDDP in the platinum
group was 70-80 mg/m® per day. The drugs combined
with CDDP for treatment of patients in the platinum
group are shown in Table 3. Eight patients received new
anticancer agents [DOC: 6 patients; VNR: 2 patients) com-
bined with CDDP, accounting for 53% of the platinum
group as a whole. The mean number of chemotherapy
cycles per patient was 3.9 for the non-platinum group and
3.1 for the platinum group,

The major reasons for discontinuing chemotherapy
were patient refusal and the mental burden caused by
adverse reactions in the platinum group, and disease pro-
gression in the non-platinum group. Adverse reactions
were not a major factor for discontinuation of chemo-
therapy in the non-platinum group.

Table 2. Patient characteristics

Non-platinum Platinum

(n=15] |n=15)
Regimen characteristic n (%) n (%)
Sex*

Male 11 (73) 11 (73)
Female 4 (27) 4 (27)
Median age in years [range|* 65 (42-T4) 64 (48-76)

ECOG performance status”
4] 2 (13) 2 {13)
1 13 (87) 13 (87)
Stage*
i) 3 {20] 3 (20)
w 12 (80] 12 (80)
Histological diagnosis
Adenocarcinoma 3 (20) B (53)
Squamous cell carcinoma 7 (47) 6 (40]
Large cell carcinoma 5 [33) 1N
ECOG, Eastern Cooperative Oncology Group.
*Matching factor.

Table 3. Drugs apart from cisplatin used in CDDP-based chemo-
therapy regimens (o = 15)
Drug

Docetaxel

Vindesin

Vinorelbine

Mitomycin C

Mitomycin C + vinorelbine

———onOn D
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Table 4. Response, toxicity and cost of platinum and non.
platinum chemotherapy regimens

Non-small-cell lung cancer and its therapy

Table 5. Response and toxicity of platinum and non-platinum
chemotherapy regimens for elderly patients

Non-platinum  Platinum Non-platinum  Platinum
[n=15) n=15) (n=8) [n=86)
n (%) n (%) P-value n (%) n (%) P-value
Response Response
Complete response 0 0 Complete response 0 i]
Partial response 6 7 Partial response 5 5
Stable discase 5 6 Stable discase 2 1
Progressive disease 4 2 Progressive disease | 0
Response rate 6 [40) 7 147) 1.000 Response rate 5(63) 5 (B3) 0.580
MST (months) 14 14.5 0.264 Grade 34 toxicity 5 |63) 5 (83) 0.580
195% CI1) 8-14) [11-31) experienced
Mean no. cycles 39 3.1 0378 Haematological
administered Neutropenia 3 (38) 0(0) 0.209
Grade 3-4 toxicity 6 (40) 14 (93) 0.005 Leukopenia 2 (25) 2 (33) 1.000
experienced Non-haematological
Haematological Nausea, vomiting 01(0) 4 (55) 0.015
Neutropenia 4 (27) 2 (13) 0.651 Fatigue 0 (0 117 0.429
Leukopenia 2 (13) 5 (33) 0.390
Non-haematological
Nausea, vomiting 0 (0) 10 (67) <0.001
Faugue 0 (0] 3 (20 0.224 and platinum groups respectively. There was no statisti.

Mcan total treatment 475 372 443979 0.147

cost (yen/month)
MST, median survival time,

Response, toxicity and cost

All results regarding response, toxicity and cost are sum-
marized in Table 4. The overall response rate was 40% for
the non-platinum group and 47% for the platinum group
(P = 1.000). The MST was 14 months for the non-platinum
group and 14.5 months for the platinum group (P = 0.264).
The frequency of grade 3-4 toxicity was 40% for the non-
platinum group and 93% for the platinum group, which
was statistically significant (P=0.005). The most fre-
quently observed grade 3-4 haematological toxicity was
neutropenia (27%) in the non-platinum group and leu-
copenia {33 %) in the platinum group. There were no grade
3—4 non-haematological toxicity events in the non-
platinum group, but 67% of patients suffered from nausea/
vomiting in the platinum group (P < 0.001). As an index of
overall efficacy and toxicity, the number of responders
who did not experience grade 3-4 toxicity was 3 (20%] in
the non-platinum group and 0 (0% in the platinum group
(P =0.100). The number of non-responders who experi-
enced grade 3-4 toxicity was 3 (20%] in the non-platinum
group and 7 {47%)] in the platinum group (P = 0.128). The
average total treatment costs per month were ¥475 372
(approximately US$4080) and ¥443 979 |approximately
US$3810) for the non-platinum and platinum groups
respectively (P =0.141]. The average hospitalization costs
per month were ¥265 663 (approximately US$2290) and
¥266 415 (approximately US$2296) for the non-platinum

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd.

cally significant difference between the two groups with
respect to cost. Three patients in each group received
G-CSF. The average costs for G-CSF per patient were
¥12 797 (approximately US$110] and ¥22 073 (approxi-
mately US§190) in the non-platinum and platinum groups
respectively (P = 0.366),

We carried out further analysis on a subgroup of elderly
patients (those aged 65 years or older; the non-platinum
group: 8 patients, and the platinum group: 6 patients). The
response and toxicity data for the elderly patient sub-
groups are summarized in Table 5. In this subgroup, the
overall response rate was 63% for the non-platinum group
and 83% for the platinum group (P = 0.580). The frequency
of grade 3-4 toxicity was 63% for the non-platinum group
and 83% for the platinum group (P =0,580). The most
frequently observed grade 3-4 haematological toxicity was
neutropenia (38%) in the non-platinum group and leu-
copenia (33%) in the platinum group. There was no grade
3-4 non-haematological toxicity event in the non-
platinum group, but 67% of patients in the platinum
group suffered from nausca/vomiting; the difference
was statistically significant (P =0.015). The number of
responders who did not experience grade 3-4 toxic events
was 2 (25%) in the non-platinum group and 0 (0%) in the
platinum group. The number of non-responders who expe-
rienced grade 3-4 toxic events was 2 (25%) in the non-
platinum group and 0 (0% in the platinum group.

DISCUSSION

Although CDDP-based chemotherapy has become estab-
lished as a standard therapy for the treatment of patients

123



TADA et al

with advanced NSCLC with good performance status, it
has the drawback of serious toxicity, causing such symp-
toms as severe naused, vomiting and renal toxicity, and is
thus not suitable for elderly patients and outpatients.
Recent trials of new anticancer drugs have indicated that
some non-platinum-based combinations are almost as
active as CDDP-based chemotherapy regimens, but are less
toxic. In particular, the GEM/VNR combination has been
shown to be well tolerated by patients, and to be very active
(Non-small Cell Lung Cancer Collaborative Group 1995;
Lorusso et al. 1998; Feliu et al. 1999; Isokangas et al. 1999;
Beretta er al. 2000; Chen et al. 2000; Frasci et al. 2000,
Lorusso et al. 2000; Krajnik et al. 2000; Herbst et al. 2002,
Gridelli et al. 2003), and thus might be a good alternative
to CDDP-based chemotherapy regimens. A new non-
platinum sequential triplet combination, GEM and VNR,
followed by DOC, was recently evaluated in a JMTO phase
1l study, and was found to be well tolerated, with one of the
highest response rates yet reported for treatment of
advanced NSCLC (JMTO LC00-02; Hosoe et al. 2003).
Given these findings, a phase IIT randomized trial ([MTO
LC00-03) began in April 2001 to compare this non-
platinum sequential triplet combination with a platinum
combination (carboplatin/paclitaxel). This phase Il trial is
ongoing in collaboration with the Southwest Oncology
Group’s (SWOG) trial (S0003} (carboplatin/paclitaxel
versus carboplatin/paclitaxel + tirapazamine), using the
same protocol for the common control arm (carboplatin/
paclitaxel) (Williamson et al. 2005), We thus conducted a
case-matched retrospective study in a single institution as
a part of the multi-institutional phase I trial [MTO LC00-
02). The purpose of the present study was, in the context of
JMTO LCO00-02, to assess this non-platinum sequential
triplet combination in terms of efficacy, toxicity and treat-
ment cost relative to platinum-based combinations com-
prising CDDP plus one or more other anticancer drugs for
the treatment of advanced NSCLC. Consequently, the
present study provides some of the first results concerning
a comparison of the new non-platinum sequential triplet
combination with platinum-based combinations.

The non-platinum group in the present study was a
subgroup of patients involved in the IMTO LC00-02 phase
11 trial, which included 44 patients from 17 institutions
{response rate of 47.7%, median survival time of 15.7
months) (Hosoe et al. 2003]. We believe that the selected
patients were representative of the phase Il study popula-
tion as a whole, because there was no significant difference
in the distribution of outcomes and patient characteristics
between the group as a whole and the selected patients.

In order to ensure comparability between the non-
platinum and platinum groups, we sourced patients from
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a single institution, and selected each patient in the plati-
num group from the pool of all patients who received
CDDP-based chemotherapy during the study period by
matching for stage (IIIB/TV], performance status (0/1), age
and sex, all of which arc considered to be important prog-
nostic factors. The resulting number of patients in each
group was small.

Differences in the distribution of histological diag-
noses between the two groups were found: the non-
platinum group included a smaller number of patients
with adenocarcinomas but a larger number of patients
with large cell carcinomas than the platinum group. We
performed subgroup analysis according to histological
diagnosis to evaluate the effects of treatment. The
overall response rate for patients with adenocarcinoma,
squamous cell carcinoma, and large cell carcinoma were
67% (2/3), 29% (2/7) and 40% (2/5) respectively in the
non-platinum group, and 50% {4/8], 34% (2/6] and 100%
(1/1) respectively in the platinum group. There was no
significant difference in overall response rate between
the non-platinum and platinum groups when subgroups
of patients with similar histological diagnoses were
compared.

In previous studies regarding therapy for NSCLC, the
response rate and MST were found to be 13% and
6 months respectively for treatment with DOC alone
(Roszkowski et al. 2000), and 19% and 6.5 months respec-
tively for treatment with VNR alone (The Elderly Lung
Cancer Vinorelbine Italian Study Group 1999). As for
combined regimens, the response rate and MST have been
found to be 17% and 7.4 months (Schiller et al. 2002) and
37% and 11.7 months (Takeda et al. 2000) respectively for
DOC + CDDP, and 30% and 9.3 months [Le Chevalier
et al. 1994), and 26% and 8 months (Wozniak et al. 1998)
respectively for VNR + CDDP. The response rate and MST
of the platinum group in the present study (40%,
13.5 months respectively] were greater than those found
in previous studies of combination regimens comprising
CDDP and new anticancer drugs, In the present study, the
MST of the platinum group was comparable to that of the
non-platinum group. This might be partly due to addi-
tional treatments, such as radiotherapy and/or other che-
motherapeutic agents, received by patients in the
platinum group.

With respect to toxicity, some patients in the platinum
group suffered from adverse reactions accompanied by
symptoms such as leucopenia (one-third of patients) and
nausea/vomiting (two-thirds or more]. In addition, six
patients who suffered a physical and/or mental burden
from these toxicities refused further chemotherapy and
withdrew from treatment early. It should be noted that
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because the toxicity information in the platinum group
was obtained from medical charts, a certain proportion of
toxicity events may not have been reported, and thus the
event rates may have been underestimated. In contrast, a
thorough reporting system was used for patients in the
non-platinum group because they were involved in a
phase I trial. In the non-platinum group, one-fourth of
patients had grade 3-4 neutropenia, but no patients pre-
sented with any severe non-haematological toxicity. In
fact, the major reason for interruption of chemotherapy in
the non-platinum group was progression of the primary
cancer (8 cases). Furthermore, for five patients in the non-
platinum group who began receiving chemotherapy in an
ambulatory setting in the middle of the follow-up period,
no severe adverse events were observed, and emergency
hospital admission was not required.

In the subgroup of elderly patients (65 years or older),
the overall response rate was higher than that in each
group as a whole. No elderly patients in the non-platinum
group suffered grade 3-4 non-haematological toxicity
events, including nausea and vomiting or fatigue, whereas
55% and 17% of elderly patients in the platinum subgroup
experienced these adverse reactions respectively.

As we have already seen, the incidence of toxic events
in the non-platinum group was significantly lower than
that in the platinum group, and in each group the inci-
dence was similar in the subgroup of elderly patients and
the group as a whole. We thus conclude that this new
non-platinum regimen could be established as a standard
treatment, especially for elderly patients or outpatients.

Because most participants in this study were inpatients,
even in the non-platinum group, there was no difference
in the cost of treatment between the two groups. The cost
of hospitalization was also equal in each group. Because
management of adverse events is required to a lesser
extent for patients receiving non-platinum regimens, che-
motherapy could be administered in an ambulatory
setting rather than in an inpatient setting. If chemo-
therapy can be administered in an ambulatory setting, the
medical cost would become substantially lower, much
lower than that of CDDP-based chemotherapy, which
usually requires hospitalization,

In an overall assessment of efficacy and toxicity, the
number of responders who did not experience grade 3-4
toxic events, which represents one of the most positive
outcomes for patients, was 3 (20%] in the non-platinum
group and 0 (0% in the platinum group. The number of
non-responders who experienced grade 3-4 toxic events,
which represents the worst outcome for patients, was 3
(20%) in the non-platinum group and 7 (47%) in the plati-
num group.
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In conclusion, these results indicate that the chemo-
therapy regimen used for the non-platinum group was
equally beneficial and less burdensome than those used
for the platinum group. Although this study is retrospec-
tive and could be considered a preliminary study, given its
limited small sample size, the results suggest that the
new non-platinum sequential triplet combination could
replace CDDP-based chemotherapy as first-line treatment
for advanced NSCLC, and that this regimen would be
particularly useful for elderly patients and outpatients.
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Background: The duration of, resources required for and cost of ciinical trials could be reduced if a surrogate and
point was to be used In place of survival. We assessed the extent to which the objective response rate (ORR) is

predictive of mortality, how much difference in the ORR s needed to predict an obvious survival difference and what
factors could affect the association between the two parameters during the first-line treatment of extensive disease

(ED)-small-cell lung cancer (SCLC).

Methods: We used the ORRs and median survival times (MSTs) from 48 phase |l trials of first-line chemotherapy
involving 8779 randormised patients with ED-SCLC in a linear regression analysis. The MST difference was calculated
as the difference in MST between the investigational and reference arms; the ORR difference was similanty defined.
Results: ORR difference between the treatment arms was modastly associated with the MST difference in the overall
trials (R® = 0.3314). In contrast, the relationship was stronger among only trials in which prophylactic cranial irradiation
was given 1o those having an objective response to the initial chemotherapy (R* = 0.6279), In this trial setting, large
difterences In ORR were needed to predic! a survival advantage (1.2-day sunvival advantage per 2% increase in ORR)
Conclusions: In the first-line treatment of ED-SCLC, a favourable relationship was detected between the two
parameters in the selected trial setting. Large ORR differences were neaded to predict a survival benefit, ciearly

suggesting the need for new chemotherapeutic agents.
Key words: lung cancer, objective response, overall survival

introduction

Lung cancer is a leading cause of cancer-related death, and
small-cell lung cancer (SCLC) accounts for ~15% of all lung
cancer cases. SCLC is clinically categorised according to the
disease extent as either limited disease (LD)- or extensive
disease (ED)-SCLC. The standard first line of treatment of ED-
SCLC is platinum-based chemotherapy with cisplatin-
etoposide or cisplatin-irinotecan |1, 2]. The outcome, however,
is unsatisfactory, with a median survival time (MST) of ~1
year, indicating the need for novel anticancer agents.

In developing new agents, the most important issue is
whether they prolong survival. This is usually evaluated in
phase I11 trials, in which the primary end point is traditionally
overall survival (OS). Phase 111 trials, however, are both
expensive and time consuming. Moreover, a recent review of all
North American phase 111 randomised trials for patients with
ED-SCLC conducted from 1972 to 1990 determined that only
5 (24%) of 21 trials found a significant, but small, survival

*Comaspondence fo- Dr K. Hotta, Deparmant of Respratory Medicing, Okayamsa
Uriversity Hospital, 2-5-1, Shikata-cho, Okayama 700-8558, Japan. Tet +81-88-235
T227, Fax: +81-88-232-8226. E-mal: khotta@ma. ckayama-u ac o

advantage, with a survival difference ranging from 0.8 to 3.0
months in the experimental arm compared with the control
arm [3). Considering these findings, early and accurate
screening of the agents to be investigated in phase [l trials is
essential.

As spontanecus cancer regression is a rarc event, assuming
that tumour regression after treatment is attributable entirely to
a treatment effect is reasonable. For this reason, the objective
response rate [ORR; complete response (CR) rate and partial
response (PR) rate| has historically been considered a clear
indicator of antitumour activity and a surrogate for clinical
benefit [4]. The ORR has the additional advantage of being an
early clinical trial end point, generally reached within just 2-3
months of treatment initiation [5].

The duration, human resources required for and cost of
clinical trials could be reduced if a surrogate end point was to
be properly used in place of survival. To date, however, (i) the
extent to which the OR is predictive of mormality in the first-
line treatment of patients with ED-SCLC has not been fully
assessed, even though an association itself between OR and O5
has been reported [5]. In addition, (i) how much time of OS$
increases as ORR increases in this disease has not been formally

© The Author 2009. Published by Oxdord Liniversity Press on behalf of the European Society for Medical Oncology
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evaluated. Furthermore, (iii) knowing what factors can affect
the association between the ORR and OS would be of interest
to generate relevant hypotheses in future studies, Here, we
investigated the association between ORR and OS to address
each of the above-mentioned points.

methods

search for trials

We searched for trials that had been conducted from January 1990 1o
August 2008, as previous reports relied on studies that had been conducted
within the past 15-20 years. To avoid publication bias, published and
unpublished trials were identified through a computer-based search of the
PubMed database and abstracts from past conferences of the American
Society of Clinical Oncology (1998-2008) using the terms lung neoplasm,
carcinoma, small cell, ch herapy and randomised ¢ lled trial. The
scarch was also guided by a th gh of reference lists from
original articles, review articles, relevant books and the Physician Data
Query registry of clinical trials.

selection of trials

Phase 11 nndolmscd controlled trials were considered if they compared
first-line, chemoth Py I’orEﬂS(“_l.Cllmmdudzdmotm
g )'ur of trial i Trials were excluded if they

agents, p

gi or if they lled only
mpondm to the initial ruu.nd of chemotherapy. Trials that were initially

1 i dali g T dicth

designed 1o assess ¢

and mrgew concurrently with the uuml dumnl]::rnpy‘ were also

c ineligible, wh those i g the seqi | use of these
therapies or prog ‘,' tic cranial irradiation (PCI) after the induction of

chemotherapy were allowed. Some phase 111 trials included patients with
both LD- and ED-SCLC. These were considered eligible only if survival data
for the patients with ED-SCLC could be obtained, The definitions of LD-
and ED-5CLC varied somewhat in the different groups, but we could not
reallocate the patients because of our inability to access each patient
database. Instead, we applied the definitions described in each original
report to this study. 1f no relevant descriptions were documented, we

d that the definitions in the trial were based on the guidelines that
existed at the time the trial was initiated [6, 7]. The control arms in each
phase 111 trial were identified based on the statement in each trial

data abstraction

To avoid bias in the data-abstraction process, four medical oncologists (10,
NO, YF and KH), one of whom holds a board centificate for medical
oncology (KH), independently abstracted the data from the trials and
subsequently compared the results. The following information was obtained
from each report: the year of irial initiation (year when xhe first patient was
accrued), the ber of pati lled and rand 1, the medi
jpatient age, the proportion of patients who had a good performance status
(PS), the proportion of puuent: who were male and who had brain

the ch herap regi the definition of ED, the
lescription of the administration of | thoracic irradiation, surgery
or PCl as part of the trial design and the MST (per treatment arm). All
data were checked for i | y. and disag were resolved

by discussion among the investigators. For trials with more than two
treatment arms, we constructed multiple pairs for the investigational and
reference arms.

quantitative data synthesis
To investigate the association between differences in ORR and MST, we
defined the MST difference as the difference in MST between the
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investigation and reference arms; similarly, the ORR difference was defined
as the ratio of the ORR in the investigation arm to the ORR in the reference
arm (all measures in months). The information from the phase I11 trials was

evaluated using a multiple stepwise regression model (with the following
pping method criteria: probability of F to enter of $0.05 and to remove
of 20.10) 1o d i hether the foll factors ind dentl

]

affected the MST difference: ORR difference, year of mady. 6d'uuunn of
ED, ratio of patients with a good PS in the investigational arm to those in
the reference arm and a trial design including PCI for those with an OR
(CR/PR) to the induction of ch h All analyses were weighted by
trial size. md.luwmuledwd:tnmlm whether each Flfll)rhldl!l
independent impact on the survival of patients with ED-SCLC who were
treated in the phase 1l studies. All P values corresponded to two-sided tests;
significance was set at P < 0.05, The strength of each association was
defined a priori using commonly sccepted criteria for the proportion of
variation (R°) as follows; 0-0.29, little or no association: 0.30-0.69,
moderate or weak associstion and 0.70-1.00, strong association (8],

results

trials included in the analysis

Of the 2166 trials screened, 48 trials for ED-SCLC were
identified as having data regarding OS and ORR (Figure 1). A
total of 8779 patients were randomly allocated to 100
chemotherapeutic arms. Of these 48 trials, two had three
treatment arms and one had four treatment arms; thus, 52 trial
pairs were in the investigational arm versus the reference arm
(Table 1). Of these trials, most had high proportions of male
patients and patients with a good PS. The response criteria were
described in 43 of the 52 trials. Approximately half of the trials
used the response criteria of the World Health Organisation
(WHO). Regarding the chemotherapeutic regimens, cisplatin
plus etoposide-containing regimens were most frequently
evaluated in both the investigational and reference arms (25
and 27 arms, respectively), while a cyclophosphamide,
adriamycin and vincristine regimen was used in 17 and 23
arms, respectively.

degree of association between the MST and ORR
differences

We plotted the MST and ORR differences (Figure 2). A modest
relationship was detected between the ORR and MST
differences (R* = 0.3314), suggesting that the ORR difference
between the investigational and reference arms could predict
33.1% of the variance in the MST difference between the arms.

Next, we assumed that this association would be closer if
the trials were limited to those in which the response criteria
were clearly defined; the relationship between the two
parameters, however, was not as so different as expected
(n=43; R* = 0.1949). In addition, we assessed whether the
association could be affected by the type of response criteria,
but it was nearly consistent irrespective of using the WHO
criteria for response assessment [R* = 0.1340 (n = 23) versus
0.2765 (n = 20) for those trials in which the WHO criteria and
other criteria were used, respectively].

To rule out potential confounding variables between the
ORR difference and other trial characteristics, we conducted
a multiple linear regression analysis for the MST difference, The
stepwise multiple regression model used excluded all covariates
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Figure 1. Flowchart showing the review process for the trials.

Table 1. Trial demographics and chemoth

in the 52

upeutic
T

trial pairs

Tl harucs e Tl o O = NGO mE e 3

Median no. of randomly
assigned patients per trial
(range)

Published year (median,
range)

Year of trial initiation
(median, range)

Percentage of patients with a
good PS (median, range)

Percentage of male patients
(median, range)

Trials including the
administration of PCI 10
those with an objective
response to the inital
treatment (yes/no)

Definition of extensive
disease (yes/no)

Description of the response
criteria (yes/no)

World Health
Organisation

European Cooperative
Oncology Group

RECIST

Japan Lung Cancer Society

Described, but no criteria
type documented

142 (33-784)

1997 (1990-2008)

1990 (1983—2006)

BO (35—100)

81 (56-93)

20/32

36116

449

Good PS was defined as a PS of zero or one.
PS, performance status; PCl, prophylactic cranial ir

fiation; RECIST,

response evaluation criteria in solid tumours.

MST difference (months)

ORR differance (%)

Figure 2. Correlations between the median survival time (MST)
difference between the investigational and reference arms and differences
in the objective response mate (ORR) in the eligible trial pairs weighted by
the numbet of randomised patients (R* = 0.3314). The R’ scores suggest
that the ORR difference between the investigational and reference arms
could explain 33.1% of the variance in the MST difference between the
arms. Each trial is represented by a circle; the size of each circle is

proportional to the ber of

except the ORR difference. This turned out to be a significant
factor affecting the MST difference (P = 0.003); however, only
31.6% of the variance in the MST ratio was accounted for even

by this model (R* = 0.3156).

association between the MST and ORR differences
in several subgroups

To investigate whether the trial setting could affect the
relationship between the MST and ORR differences, eligible

doi:10.1083/annonc/mdp020 | 3




Table 2. Degree of association between the ORR and MST differences in
various clinical settings in the simple regression analysis

Overall 52 0.063
Various subgroups
Trials including PCI for those with an
objective response to the initial therapy

Yes 20 0.083 0.6279

No 32 0.053 0.2254
CAV regimen

Yes 24 0.062 0.3302

No 28 0.063 0.3264
PE regimen

Yes 32 0.062 0.3376

No 20 0.064 03185
Trial design of additional

thoracic irradiation

Yes 14 0.061 0.4954

No 38 0.063 0.2937
Published year

1996 or before 26 0.037 0.2346

1997 or later 26 0.094 0.4671
% of good PS patients

=B0* 12 0.061 0.3351

<80" 13 0.092 0.4505

All analyses were weighted by trial size.

*Median percent of patients with good PS.

ORR, objective response rate; MST, median survival time; R?, the
proportion of variation; PCI, prophylactic cranial irradiation; CAV,
cyclophosphamide, doxorubicin and vincristing; PE, asplatin and
etoposide; PS5, performance status.

trial pairs were divided into several subgroups (Table 2). We
found a stronger association between the two parameters for
those trials in which all the patients with an OR to the initial
chemotherapy were given PCI (R* = 0.6279; Figure 3A),
whereas a weaker association was found in those trials
without that type of design (R* = 0.2254; Figure 3B). None of
the other characteristics assessed seemed to affect the
association (Table 2).

predicted MST difference based on the fitted
model for those trials with the PCI setting

We next constructed a fitted formula for predicting the MST
difference using the actual ORR difference for those trials that
included PCI as part of their design in which a high R* value
was obtained:

Predicted MST difference between the investigational and
reference arms=0.083 x (actual ORR difference) — 0.125.

The predicted MST differences are listed in Table 3 according
to the various ORR differences. For example, when the
investigational regimen was expected to yield a 10% increase in
the ORR as compared with the state-of-the-art regimen, the
MST was predicted to increase only by 0.7 months (21.2 days)
in the investigational arm.
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Figure 3. Correlations b the median survival time (MST)

difference and objective response rate (ORR) difference between the
investigational and reference arms in trials (A) designed to administer
prophylactic cranial irradi (PCI) 1o those with an objective response
to the inductive therapy (R* = 0.6279) or (B} not (R* = 0.2254). The

lysis was weighted by the number of randomised p The R*
scores suggest that the ORR difference between the investigational and
reference arms could explain as much as 62.8% of the variance in the MST
difference between the arms in trials including PCI, while in the trials
without PCI, the MST difference was less exactly accounted for by the
ORR difference (22.5%). Each trial is represented by a circle; the size of
each cirde is proportional to the number of randomised patients,

In this study, we found a modest association between the ORR
and MST differences in the complete trial (R” = 0.3314; Figure
2). In contrast, the design of PCI setting for all responders to
the initial chemotherapy favourably affected the relationship
(R? = 0.6279; Figure 3A). In this setting, large differences in
ORR were needed to predict a survival benefit (1.2-day survival
advantage per 2% increase in ORR).

Note that the relationship was stronger only for those trials
in which PCI was assigned to all patients with an OR to the
initial treatment (R* = 0.6279; Figure 3A). One would postulate
that this result is related to the ability of anticancer agents to
penetrate the blood-brain barrier (BBB). Apart from clinically
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Table 3. Predicted MST difference according to the ORR difference

5 0.1 (2.5)

5.0 03 (8.7)

7.5 0.5 (14.9)

10.0 0.7 (21.2)

125 0.9 (27.4)

15.0 1.2 (33.6)

17.5 1.4 (39.8)

200 1.6 (46.1)

"Difference b the i | and refe ¢ arms. For |

G ()

when an investigational regimen was expected to yield a 10% increase in the
ORR as © d with the dard reg the MST was predicted to
increase by 0.7 months (21.2 days) in the investigational arm.

ORR, objective response rate; MST, median survival time.

obvious cranial metastases, which would be sensitive to
systemic chemotherapy because of an impaired BBB (9],
radiologically undetected micrometastases in the brain, which
are common in patients with ED-SCLC, are generally
considered to be i itive to chemotherapy because they are
able to hide behind the still-intact BBB [9]. Thus, even if
systemic chemotherapy was effective against detectable
extracranial diseases, such small undetectable cranial di
could continue to grow without the use of PCI, possibly
resulting in a poor outcome. That could explain why a tight
association was not observed between the radiological response
and survival data. However, with the PCI setting for responders
to the initial chemotherapy, such a difference in the response
pattern between extracranial and intracranial diseases would
theoretically be minimised. This may be why a stronger
association between the radiological response and survival was
observed when only those trials that included PCI as part of
their design were assessed in the analysis (Figure 3A). This
hypothesis requires further study. Other clinical factors
including PS examined did not seem to influence the
relationship between ORR and MST (Table 2), while a number
of studies have shown that PS has impacts on outcome [10-12].
This would simply reflect that good PS patients can respond
well to chemotherapies and survive longer and that poor PS
patients hardly respond to them, resulting in the poor outcome.
In addition, knowing how much of a difference in ORR is
needed to predict an obvious survival difference in ED-SCLC is
also clinically necessary. In their abstracted database study,
Johnson et al. [13] investigated the role of ORR as a surrogate
marker in the treatment of advanced non-small-cell lung cancer
(NSCLC) by comparing incremental differences in MST
between the arms with those in ORR. The formula they used to
predict the MST difference was nearly identical to ours, except
for the difference in cancer type: MST difference = 0.090 x (the
ORR difference) — 0.048. Using this formula for patients with
NSCLC, if the investigational regimen was expected to yield
a 10% increase in the ORR as compared with the standard
regimen, the MST was predicted to increase by only 0.9 months
(25.6 days) in the investigational arm, Given either formula,
one could intuitively predict the survival benefit of a new

therapy by comparing the OR data from their early clinical
trials with the ORR for the state-of-the-art therapy. At any rate,
both sets of results indicate that, irrespective of the small- or
non-small-cell subtype, the survival advantage would be small
even if a relatively large ORR difference was obtained.

Few randomised trials of metastatic lung cancer have
reported hazard ratios, and predictions based on this measure
would not be representative and could be biased. Additionally,
differences in follow-up duration between trials could affect the
calculated hazard ratios. For these reasons, the MST was used in
this study to ensure that all trials were long enough to capture
the relevant end points in at least half of the patients. The
reason for this pragmatic approach is that the value of
a treatment of metastatic disease is usually measured in terms
of incremental survival gains rather than the proportional or
absolute risk of death [13].

Trial-level surrogacy as described here is not necessarily
linked to individual-level surrogacy; thus, our data cannot be
used to predict an individual's chance of survival on the basis of
their response to treatment. Analyses based on data derived
from both sources have strengths and weaknesses [14].
Although the use of individual patient data (IPD) restricts the
analysis to a limited number of trials and the analysis is not
casily replicated by independent researchers, it allows better
characterisation of important covariates that affect survival.
Future investigations using IPD could show a more precise
relationship between survival and the response to treatment. In
addition, as a point to be discussed, assessment of response rate
would be variable and unreliable. It is well documented that
response rates have dropped in recent years as more rigorous
criteria are used. This is borne out by the fact that the
correlation dropped in studies with clearly defined response
criteria. Using differences in response rates rather than absolute
values would help address this.

In conclusion, in this study, we found a favourable
relationship between the ORR and MST differences for trials in
which those who responded to the initial chemotherapy
subsequently received PCI. Given the recent finding of
a survival advantage from PCI even in patients with ED-SCLC
[15], the frequency at which PCI is used for responders to the
initial treatment will likely increase. Considering such
circumstances, ORR data may be useful for predicting how
much improvement in OS can be obtained. In contrast, large
differences in ORR are needed to predict a survival benefit,
strongly suggesting the need for the development of new
chemotherapeutic agents in ED-5CLC,
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ARTIECELE INFO ABSTRACT
Am‘c!e history: A combination of 5-1, a newly developed oral 5-fluorouracil derivative, and cisplatin is reported to show
Received 20 August 2008 anti-tumour activity against advanced non-small cell lung cancer (NSCLC). Because S-1 shows synergistic
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effects with radiation, we conducted a phase | study to evaluate the maximum tolerated doses (MTDs),
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recommended doses (RDs), and dose-limiting toxicities (DLTs) of cisplatin and S-1 when combined with
concurrent thoracic radiation (total dose of 60 Gy with 2 Gy per daily fraction) in patients with locally

gf’y"‘; Otr_ds'- advanced NSCLC. Chemotherapy consisted of two 4-week cycles of cisplatin administered on days 1 and
sfslp =i 8,and S-1 administered on days 1-14. 5-1/cisplatin dosages (mg/m?[day) were escalated as follows: 60/30,
Radiation 60/40, 70/40, 80/40 and 80/50. Twenty-two previously untreated patients were enrolled. The MTDs and

RDs for S-1/cisplatin were 80/50 and 80/40, respectively. DLTs included febrile neutropaenia, throm-
bocytopaenia, bacterial pneumonia and delayed second cycle of chemotherapy. No patient experienced
radiation pneumonitis > grade 2 and only one patient experienced grade 3 radiation oesophagitis. The
overall response rate was 86.4% with a median survival time of 24.4 months. These results indicate that
combination cisplatin-S-1 chemotherapy with concurrent thoracic radiation would be a feasible treatment
option and a phase [l study is currently under way.

Non-small cell lung cancer

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Based on the results of several randomised controlled trials,
cisplatin-based chemotherapy with concurrent thoracic radiation
therapy is used as the standard treatment for locally advanced
non-small cell lung cancer (LA-NSCLC), with a response rate of
approximately 80%. However, despite the initial marked response,
this treatment is usually accompanied by severe toxicity, including
myelosuppression and radiation pneumonitis, with a treatment-
related mortality rate of 5% [1-3). Furthermore, the majority of
patients with LA-NSCLC experience recurrence, with a 5-year sur-
vival rate of approximately 20%. To further improve the treatment
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outcome of LA-NSCLC, new cytotoxic agents with more potent anti-
cancer activity and fewer adverse effects are required.

S-1 is a fourth-generation oral fluoropyrimidine that contains
tegafur, a prodrug of 5-fluorouracil (5-Fu). This agent also contains
5-chloro-2,4-dihydroxypyridine (CDHP) to inhibit 5-Fu catabolism
and prolong its activity, and potassium oxonate (Oxo) to reduce
5-Fu-induced diarrhoea [4]. In addition, Oxo reduces 5-Fu-induced
immunosuppression, which was evaluated in terms of natural killer
activity and interleukin-2 production in rats [5]. The consecutive
administration of S-1 at 80 mg/m?/day for 4 weeks followed by a
2-week rest period was well tolerated, with only mild myelosup-
pression and diarrhoea [6]. The objective response rate and median
survival time (MST) were 22.0% and 10.2 months, respectively. Sub-
sequently, a phase Il trial for combination chemotherapy with S-1
at 80 mg/m?/day for 21 days and cisplatin at 60 mg/m? on day 8
showed a response rate of 47.3%, with a MST of 11 months [7].
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Only 5% of cases showed grade 4 neutropaenia, and no patient
showed grade 4 thrombocytopaenia or non-haematologic toxic-
ity. Thus, this combination chemotherapy may have potential in
terms of tumour reduction, increased survival and relatively mild
toxicity.

Additive or synergistic effects were observed between cisplatin
and 5-Fu treatment in NSCLC cells [8]. Cisplatin and 5-Fu also
sensitise cancer cells to radiation [9-11]. In a previous study, we
demonstrated that combination chemotherapy using cisplatin and
5-Fu with concurrent radiotherapy was both effective and fea-
sible for LA-NSCLC [3]. Ichinose et al. also showed that UFT, a
drug consisting of tegafur and uracil, with cisplatin and concur-
rent radiotherapy was effective in the treatment of LA-NSCLC. In
pre-clinical studies, S-1 also enhanced sensitivity to radiotherapy
[12,13]. Combined treatment with S-1 plus 2 Gy irradiation was sig-
nificantly more effective against NSCLC xenografts than S-1 or 2Gy
irradiation alone, and the effect of this combination was nearly
equivalent to that of 5 Gy irradiation alone [14]. A combination of
5-1 plus 2 Gy irradiation was also more effective than the same
dose of radiation plus cisplatin or UFT. Note that CDHP alone was
found to potentiate sensitivity to radiation, although it showed nei-
ther anti-tumour nor toxic activity [14]. Thus, a combination of
cisplatin and S-1 appears to enhance sensitivity to thoracic radio-
therapy.

Based on these previous reports, we conducted a phase |
study to evaluate the maximum tolerated doses (MTDs), recom-
mended doses (RDs) and dose-limiting toxicities (DLTs) for S-1
and cisplatin when combined with concurrent thoracic radiation
in patients with LA-NSCLC. The standard administration sched-
ule of S-1 without radiation was 4-week schedule followed by
2-week rest [7]. Compared with this schedule, 2-week adminis-
tration followed by 1-week rest seems to be more tolerable and
safer [15]. In addition, 2-week administration of S-1 was feasi-
ble in the phase I study of concurrent chemoradiation with S-1
and cisplatin in patients with head and neck cancer [16]. As for
cisplatin schedule, we reported split administration of cisplatin
and docetaxel at days 1 and 8 with concurrent thoracic radio-
therapy [17]. The chemotherapy doses with radiotherapy in the
trial were similar to or higher than those in the previous phase
II trials that did not include concurrent thoracic radiotherapy.
Thus, we adopted 2-week administration of S-1 and split sched-
ule of cisplatin at days 1 and 8 in order to reduce toxicity and
to strengthen synergistic interaction of cisplatin, S-1, and radia-
tion.

2. Patients and methods
2.1. Eligibility criteria

Patients with pathologically confirmed unresectable stage IIIA
or IIIB NSCLC were eligible for the study [18]; however, those
with T3N1 disease, contralateral mediastinal lymph node metas-
tasis, malignant pleural effusion, pericardial effusion or pleural
dissemination were excluded. Other eligibility criteria included
previously untreated disease, any measurable lesion, Eastern Coop-
erative Oncology Group (ECOG) performance status (PS) scores of
0-1, age 75 years or less and no history of malignancy within
the previous 5 years. Before enrollment, each patient provided
a complete medical history and underwent physical examina-
tion, laboratory examination and staging assessments. Patients
were required to have a neutrophil count > 2000/p.L, platelet (PLT)
count > 100,000/pL, haemoglobin level =9 g/dL, serum bilirubin
level < 1.5mg/dL, serum aspartate aminotransferase and alanine
aminotransferase levels < 2.5 times the upper normal limit, serum
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Fig. 1. Treatment scheme.

creatinine level <1.5mg/dL, 24-h endogenous creatinine clear-
ance > 60 mL/min, arterial oxygen pressure (Pa0,)> 60 mmHg on
room air and 1-s forced expiratory volume > 1.6L. Patients were
excluded if they had interstitial pneumonitis, uncontrolled dia-
betes mellitus, any serious underlying diseases or complications
or were taking phenitoin or warfarin. Women who were pregnant,
breast feeding or of child bearing age were also excluded. Stag-
ing work-up included a chest radiograph, computed tomography
(CT) scans of the chest and abdomen, magnetic resonance imag-
ing (MRI) of the brain, bronchoscopy and radionuclide bone scan.
A mediastinal lymph node > 1 cm along the short axis by CT scan
was defined as a metastatic lymph node. Written informed consent
was obtained from all patients. The protocol (UMIN clinical trial ID:
C000000079), was approved by the review board of each of the
participating institutions.

2.2. Treatment schedule

Chemotherapy consisted of two 4-week cycles of cisplatin and
S-1 treatment, as shown Fig. 1, with five dose levels (Table 1).
The starting doses of S-1 and cisplatin were 60 mg/m?2/day and
30 mg/m?/day, respectively, which represent 75% of the RDs estab-
lished in a phase I clinical trial for cisplatin and S-1 chemotherapy
with radiation for patients with advanced head and neck cancer
[16]. Patients received an oral dose of S-1 twice daily after meals
from days 1 to 14 of each 28-day cycle. Because S-1 is only
available for use in 20- or 25-mg capsules, the individual daily
dose was set as follows: 60 mg/m?/day dose for body surface area
(BSA)<125m?; 50mg/day, 125m2 <BSA<15m?; 80mg/day,
1.5m? < BSA; 90 mg/day, at 70mg/m? dose, BSA<1.25m?2; 80 mg/
day, 1.25m?<BSA<15m?; 90mg/day, 1.5m?<BSA; 100mg/
day, at 80mg/m?/day dose, BSA<125m?; 80mg/day,
1.25m? <BSA <15m?; 100 mg/day, 1.5m? < BSA; 120 mg/day.

Cisplatin, diluted in 300 mL of physiological saline, was admin-
istered intravenously over a 1-h period before radiation therapy on
days 1 and 8 of each cycle. Before and after cisplatin administra-
tion, all patients were hydrated with a total of 2500 mL infusion.
Each patient was also intravenously pre-medicated with dexam-
ethasone (8 mg) and granisetron (3 mg) 30 min prior to cisplatin
injection.

Table 1
Dose escalation schedule.
Dose level Dose (mg/m?/day) No. of patients
5-12 Cisplatin® Enrolled DLT
1 60 30 3 1
2 80 40 S 1
3 70 40 3 0
4 80 40 6 2
5 80 50 6 4

DLT: dose-limiting toxicity.
# 5-1 was administered orally from days 1 through 14 and 29 through 42.
b Cisplatin was administered intravenously on days 1, 8,29 and 36,
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2.3. Radiation therapy

Radiation therapy was administered from day 1 of chemother-
apy using a linear accelerator (4-10 MeV). Each patient received a
single 2-Gy daily fraction for five consecutive days each week, until
reaching a total dose of 60 Gy.

Before concomitant chemoradiotherapy, the curative radiation
field was defined using chest radiography and contrast-enhanced
CT. The initial planned radiation field did not exceed 50% of
ipsilateral lung. The initial dose (up to 40Gy) was adminis-
tered to the original volume, which consisted of the primary
tumour and a 2-cm margin to include tissue subject to respi-
ratory motion. The volume also included all enlarged hilar and
mediastinal lymph nodes detected via CT scan with a 1-cm mar-
gin, extending inferiorly to 3cm below the carina if subcarinal
lymph nodes were involved. Other prophylactic radiation fields
were not established. The supraclavicular region was not routinely
included if lymph node metastasis was not detected. Subsequently,
an additional 20-Gy dose was administered to boost the volume,
including the sites of the primary tumour and hilar/mediastinal
lymph nodes, according to tumour- and lymph node-shrinkage
on day 29 or later and as determined by contrast-enhanced
CT. The original volume was treated with an anteroposterior
parallel-opposed pair of portals. The boost volume was treated
with the same pair of portals, or with a pair of oblique fields
if the cumulative radiation dose to the spinal cord exceeded
40Gy.

2.4. Assessment of toxicity and treatment modulation

Toxicities were assessed using the National Cancer Institute
Common Terminology Criteria for Adverse Events v3.0. A com-
plete blood cell count was performed at least twice weekly, with a
complete serum chemistry profile at least once weekly during treat-
ment. Non-haematologic toxicities were evaluated on a daily basis
via interview and physical examination throughout the treatment
period. Patients experiencing grade 3 neutropaenia with infection
or grade 4 leukopaenia or neutropaenia received a subcutaneous
dose of recombinant human granulocyte colony-stimulating fac-
tor (2 p.g/kg), and S-1 administration was halted until leukocyte
or neutrophil count recovered. If patients experienced grade 3 or
4 haematologic toxicity on day 8 of each cycle, cisplatin admin-
istration was withheld within that cycle. If haematologic toxicity
occurred on day 29, the next course of chemotherapy was delayed
until toxicity decreased to grade 2 or less. If, in the first cycle, 24-h
creatinine clearance decreased to 30-60 mL/min, cisplatin admin-
istration was reduced to half of the planned dose in the second
cycle; if 24-h creatinine clearance decreased to less than 30 mL/min
in the first cycle, cisplatin treatment was withdrawn completely in
the second cycle. For serum creatinine levels of 1.5-2.0mg/dL, S-
1 administration was withheld in the evening. If serum creatinine
levels rose above 2.0 mg/dL, S-1 administration was halted com-
pletely and restored only if serum creatinine returned to normal
levels.

If patients experienced grade 3 or 4 oesophagitis or a decrease
in Pa0; of >10 mmHg compared to baseline, radiotherapy was
withheld until oesophagitis improved to grade 2 or a clinically
acceptable toxicity level. If grade 3 or 4 haematologic toxic-
ity occurred, radiation was withheld until recovery to grade
5.2

All treatment courses were analysed to determine DLTs and
MTDs, although the dose level was elevated based on toxicity within
the 8-week treatment protocol. For the first 2 years after completion
of therapy, patients were followed monthly with chest radiography
and every 6 months with CT of chest and abdomen and MRI of brain.

If the radiation pneumonitis was clinically suspected, CT of chest
was immediately taken.

2.5. Dose escalation

DLT was defined as development of at least one of the follow-
ing adverse events: grade 4 haematologic toxicity sustained over 4
days, grade 3 or 4 febrile neutropaenia, any delay of thoracic radi-
ation for 3 weeks or more, any delay of scheduled oral intake of
S-1 for 2 weeks or more or grade 3 or higher non-haematologic
toxicity, with the exception of controlled nausea and/or vomiting,
anorexia and fatigue. Initially, three patients were scheduled to
enter the study at each dose level; if all three patients at a given
dose level developed DLT, that dose was designated the MTD. If
only two patients experienced DLT, three additional patients were
subjected to the same dose level. The MTD was defined as the dose
at which three or more patients amongst six developed any of the
specified DLTs. The RD was defined as the dose level immediately
below the MTD.

2.6. Assessment of response

Treatment response was evaluated according to the Standard
Response Evaluation Criteria in Solid Tumours [19] and confirmed
in a blinded extramural review. The progression-free survival (PFS)
time and overall survival time were calculated from the date of reg-
istration in this study until the first documented instance of disease
progression or death, respectively, using the Kaplan-Meier method.
All statistical analyses were performed using the SPSS software
package (version 11.0]; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Patient characteristics

Between October 2005 and March 2007, 22 patients (15 men,
7 women) with a median age of 66 years (range, 52-75 years)
were enrolled in this study (Table 2). Nine and 13 patients had PS
scores of 0 and 1, respectively. Eleven patients had adenocarcino-
mas, nine patients had squamous cell carcinomas and two patients
had unclassified NSCLCs. Six patients were at clinical stage [lIA, and
16 patients were at IIIB. Two patients had weight loss of 10% or
more.

Table 2

Patient characteristics.

No. of patients enrolled 22

Median age (year (range)) 66 (52-75)

Sex: male/female 15/7

Performance status 9/13

Histology
Adenocarcinoma 1
Squamous cell carcinoma 9
Unclassified 2

Stage of disease: HIA/IIIB 6/16
TINZ 1
T2N2 4
T3N2 1
T4N2 7
TIN3 1
T2N3 5
T4N3 3

Body weight loss
<5% 20
5-9% 0
10% or more 2
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Table 3
Principal toxicities observed during the treatment protocal.
Level 1 2 < 4 5
No. of patients enrolled 3 4 3 6 6
DLIT 1 1 0 2 4
Neutropaenia Grade 3 2 2 3 1 2
Grade 4 0 Q 0 1 3
Febrile neutropaenia Grade 3 0] 0 0 0 2
Thrombocytopaenia Grade 3 0 0 1 1 0
Grade 4 o] o] 0 4] 1
Hypokaraemia Grade 3 0 0 0 0 1
Infection Grade 3 0 0 0 1 2
Oesophagitis Grade 2 1 0 3 1 0
Grade 3 0 0 0 0 g
Pneumonitis Grade 1 0 0 0 3 0
Grade 2 0 0 0 o 1
Chemotherapy delayed over 14 days = 1" 0 g 12

# DLT: dose-limitting toxicity

3.2. Toxicities and determination of MTD

Toxicities were assessed in all 22 patients and profiled in
Table 3. Amongst the three patients enrolled at dose level 1, one
patient developed DLT, which was a 2-week delay in the ini-
tiation of the second cycle of chemotherapy due to prolonged
neutropaenia. At dose level 2, the first, second and fourth patients
did not develop DLTs; however, in the third patient, the second
cycle of chemotherapy was postponed for 5 weeks due to pro-
longed neutropaenia. No DLT was observed at dose level 3. At
dose level 4, two patients developed DLTs; one patient developed
bacterial pneumonia and the second patient developed prolonged
neutropaenia, resulting in delayed chemotherapy. An additional
three patients were enrolled at dose level 4, but none of these
patients developed DLTs. At dose level 5, two of the first three
patients developed DLTs, consisting of febrile neutropaenia in one
patient and grade 4 thrombocytopaenia in the other. After assign-
ing an additional three patients to dose level 5, two patients
developed DLTs, including grade 3 febrile neutropaenia in one
patient and prolonged neutropaenia requiring postponement of
the second cycle of chemotherapy in the other. Therefore, dose
level 5 (80mg/m?/day of S-1 and 50mg/m2/day of cisplatin)
was designated the MTD, and the RDs in the currently ongoing
phase II trial are 80 mg/m?/day of S-1 and 40 mg/m?2/day of cis-
platin.

Other toxicities included grade 1 serum creatinine elevation at
dose level 4 and grade 1 oral mucositis at dose level 4 in each
patient. Grade 1 acute radiation pneumonitis was observed in three
patients at dose level 4. Only one patient experienced grade 2 pneu-
monitis at dose level 5; 4 months later, the patient received steroid
therapy for progression of pneumonitis, which was considered late
radiation toxicity (grade 3). Only one patient developed grade 3
acute radiation oesophagitis. No patient delayed the second cycle
of treatment due to thoracic irradiation-induced toxicity, and no
treatment-related deaths occurred.

3.3. Dose intensities of chemotherapy and radiotherapy

Dose intensities for cisplatin, S-1 and radiotherapy are shown in
Table 4. The relative dose intensities of cisplatin and S-1 at level 4,
administered over the projected drug dosage (mg/m?/week), were
73% and 83%, respectively. At level 5, dose intensity of -1 decreased
to 68%. Radiation intensity also decreased at dose level 5, although

radiation was administered almost without delay until dose
level 4.

3.4. Response and survival

Amongst the 22 patients, 19 (86.4%) displayed partial responses
(PRs) and three (13.6%) showed stable disease (SD). No patient
exhibited progressive disease (PD). All 13 patients at levels 2-4
showed PRs. Eventually, 17 patients demonstrated disease progres-
sion. The initial progression sites were local (n=5), local plus distant
(n=2) or distant (n=10; three of 10 patients had brain metas-
tases alone). Overall survival and PFS curves for the 22 patients
are shown in Fig. 2. At a median follow-up time of 21.0 months
(range 11.0-29.5 months), 9 (40.9%) patients had died of disease
progression, whereas 5 (38.5%) of the 13 surviving patients showed
no evidence of progression. The median PFS time and MST were 7.6
months (95% confidence interval [CI], 5.0-10.1 months) and 24.4
months (95% Cl: 22.6-26.2 months), respectively.

4. Discussion

In this phase I clinical trial, the principal toxicity was myelo-
suppression, which was tolerable under the dose and schedule
modifications described in this protocol. Only one patient devel-
oped grade 4 neutropaenia at a dose lower than the MTD. One
patient developed grade 2 acute radiation pneumonitis, followed
by grade 3 late radiation fibrosis. Although other late pulmonary
or oesophageal toxicities were not observed during the follow-up
period, further observation is necessary.

Previously, we performed a phase I/II study of docetaxel and cis-
platin with concurrent thoracic radiotherapy for LA-NSCLC, which
showed promise in terms of treatment outcome and feasible tox-

Table 4
Dose intensities for cisplatin, S-1 and radiotherapy.

Level

1 2 - 4 5
Cisplatin (%) 72 80 79 73 74
S-1(%) 76 82 82 83 68
RT (%)® 100 100 97 100 90

# Administered drug dose (mg/m? /week)/projected drug dose (mg/m?/week)
® Actual RT dose (Gy/week)/ projected RT dose (Gy/week).
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Fig. 2. (A) Overall survival. Median survival time was 24.4 months (95% confidence
interval: 22.6-26.2 months). (B) Progression-free survival. Median progression-free
survival time was 7.6 months (95% confidence interval: 5.0-10.1 months).

icities [17]. The doses of cisplatin and docetaxel administered
intravenously on days 1, 8, 29 and 36 were very similar to the
standard doses used in combined cisplatin—docetaxel chemother-
apy (administered only on day 1) without radiotherapy in the
Japanese clinical setting. Furthermore, skipping drug administra-
tion was easy when early myelosuppression occurred. Therefore,
split administration in chemotherapy provides greater flexibility in
the treatment schedule and provides the clinician an opportunity
to reduce unexpected toxicities. However, split administration of
cisplatin may delay the treatment schedule and reduce the dose
intensity of S-1. Compared to a previous study in which S-1 and
cisplatin were administered at doses of 80 mg/m?/day for 21 days
and 60 mg/m? on day 8 every 5 weeks, respectively, without radio-
therapy [7], the projected dose intensity of cisplatin at level 4 is
higher in our study (20 mg/m?2 /week vs 12 mg/m? /week), whereas
the dose intensity of S-1 at level 4 is lower (280 mg/m?/week vs
336 mg/m? fweek).

The severity of chemoradiation-induced acute oesophagitis was
also relatively mild in our study. Grade 2 oesophagitis was observed
in five patients (23%) and grade 3 oesophagitis occurred in only
one patient at dose level 5. In several previous clinical studies,
mucositis represented a major toxicity for patients with head and
neck cancer treated with 5-Fu and irradiation [20,21]. Because
Oxo accumulates to a greater extent in gastrointestinal tissues
than in other tissues, it reduces gastrointestinal toxicities, such as
diarrhoea and mucositis [22,23]. In this study, the Oxo-induced
reduction in 5-Fu-induced gastrointestinal toxicities might result
in relatively mild oesophagitis during chemoradiotherapy. Grade
3 or 4 radiation oesophagitis occurred between 18% and 30% in
the study using a new agent such as paclitaxel or vinorelbine in
platinum-based concurrent chemoradiotherapy [24-26]. Only 5%

of radiation oesophagitis > grade 3 in this study seemed favorable,
although further investigations are warranted.

Our results demonstrate that the treatment protocol described
here seems more feasible than the standard chemoradiotherapy
for LA-NSCLC. In Japan, the standard concomitant chemoradio-
therapy regimen consists of cisplatin, vindesine and mitomycine,
based on a previous study by Furuse et al. [27]. In that report,
119 of 156 (76.3%) patients showed grade 4 neutropaenia and
27 (17.3%) patients showed grade 4 thrombocytopaenia. Seventy-
seven (49.3%) patients halted treatment after the second cycle of
chemotherapy. Other clinical trials for LA-NSCLC showed similar
toxicities [1-3].

A major flaw in our study protocol is that we did not utilise dose-
volume histograms (DVH) generated during three-dimensional
computed radiation treatment planning. However, because this
study was a multicentre trial, it was not possible to analyse DVH
parameters in all participating institutions. DVH parameters such
as the percent of the total lung volume exceeding 20 Gy (V20) are
useful to predict the risk of radiation pneumonitis [28]. Although
our manner of defining the initial radiation field (i.e., less than 50%
of ipsilateral lung) was perhaps outdated, it was feasible in the con-
text of a multicentre study with varying technological capacities.
Notably, one patient with a V20 value of 51% developed severe late
radiation fibrosis. Therefore, patients with V20 values > 35% may be
excluded from the future trial.

Although this was a phase [ study, we also analysed survival. The
MST (24.4 months) and PFS time (7.6 months) were comparable
to those observed for the standard concurrent chemoradiotherapy
protocol used in Japan (MST, 16.5 months; PFS time, 8.3 months)
[27]. These results were also comparable with our own previous
phase II studies on concurrent chemoradiotherapy with cisplatin
and 5-Fu or docetaxel [29]. The combinations of paclitaxel plus
carboplatin or vinorelbine plus cisplatin were investigated in com-
parative studies using a new agent in platinum-based concurrent
chemoradiotherapy. Belani et al. [25] and Vokes et al. [26] reported
that MSTs were 16.3 months and 12 months, respectively, in the
concurrent weekly paclitaxel plus carboplatin, and thoracic radi-
ation arm. Zatloukal et al. [24] conducted that the MST was 16.6
months in the concurrent chemoradiotherapy with cisplatin and
vinorelbine arm. Compared with these studies, the combination
presented here may have potential effect, in spite of a phase I study.

In conclusion, we performed for the first time a phase I study
of combined cisplatin-S-1 chemotherapy with thoracic radiation
in patients with LA-NSCLC. Chemotherapy consisting two 4-week
cycles of cisplatin (40mg/m?/day) on days 1 and 8, and S-1
(80 mg/m?/day) on days 1-14 with concurrent thoracic radiation
(total dose of 60 Gy with 2 Gy per daily fraction) was recommended
for the further investigation. A phase Il multicentre trial is currently
under way to evaluate the efficacy and safety of this regimen.
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