in gastric cancer. J Korean Med Sci 22:5115-S121,
2007 (supp!)

26. Oh SC, Park SS, Mock YJ, et al: Phase Il trial
of oxaliplatin, 5-FU, and leucovorin chemotherapy
for patients previously treated. for advanced gastric
cancer. 2007 American Society of Clinical Oncology
Gastrointestinal Cancers Symposium Orlando, FL,
January 19-21, 2007 (abstr 53)

21. Park SH, Kim YS, Hong J, et al: Mitomycin C
plus S-1 as second-line therapy in patients with
advanced gastric cancer: A noncomparative phase Il
study. Anticancer Drugs 19:303-307, 2008

28. Baek JH, Kim JG, Sohn SK, et al: Biweekly
irinotecan and cisplatin as second-line chemothera-

Doi et al

py in pretreated patients with advanced gastric
cancer: A multicenter phase Il study. J Korean Med
Sci 20:966-970, 2005

29. Takiuchi H, Goto M, Imamura H, et al: Multi-
center phase Il study for combination therapy with
paclitaxel/doxifluridine to treat advanced/recurrent
gastric cancer showing resistance to S-1 (OGSG
0302). Jpn J Clin Oncol 38:176-181, 2008

30. Jo J-C, Lee J-L, Ryu M-H, et al: Docetaxel
monotherapy as a second-line treatment after
failure of fluoropyrimidine and platinum in ad-
vanced gastric cancer: Experience of 154 patients
with prognostic factor analysis. Jpn J Clin Oncol
37:936-941, 2007

31. Ohtsu A, Shimada Y, Shirao K, et al: Random-
ized phase Il trial of fluorouracil alone versus flu-
orouracil plus cisplatin versus uracil and tegafur plus
mitomycin in patients with unresectable, advanced
gastric cancer: The Japan Clinical Oncology Group
study (JCOG9205). J Clin Oncol 21:54-59, 2003

32. Boku N, Yamamoto S, Fukuda H, et al: Fluorou-
racil versus combination of irinotecan plus cisplatin
versus S-1in metastatic gastric cancer: A randomised
phase 3 study. Lancet Oncol 10:1063-1069, 2009

33. Motzer RJ, Escudier B, Oudard S, et al:
Efficacy of everolimus in advanced renal cell
carcinoma: A double-blind, randomised, placebo-
controlled phase Il trial. Lancet 372:449-456, 2008

features include:

Not an ASCO Member? Subscribe to Journal of Oncology Practice
Journal of Oncology Practice (JOP) is ASCO’s bimonthly forum for providing its subscribers with information, news, and
tools to enhance practice efficiency and promote a high standard of quality for patient care in your practice.

Every issue of JOP includes important features on cancer policy issues and their practical effect on cancer care, methods
for enhancing the quality of patient care, and tools for improving practice management.

Whether you are in an office or hospital setting, a community or academic environment, JOP provides practical
information and advice that oncologists and other oncology professionals can apply immediately to their practice. Key

e Published for all members of the practice—physicians, nurses, and administrators

e Timely and relevant information to help practices succeed
Focus on improving practice efficiency and quality of care
Covers legal, financial, technology, and personnel issues

Subscribe today at www.jop.ascopubs.org

ASCQ

American Sodiety of Clinical Oncology

© 2010 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at OSAKA IKA U LIB DM85153 on January 27, 2011 from
Copyright © 2010 American Sotig8y2%.CRdi2al Oncology. All rights reserved.

-156-



Clinical Trial Note

Jpn J Clin Oncol 2010;40(7)699—701
doi:10.1093/jjco/hyq026
Advance Access Publication 18 March 2010

Phase Il Study of Combination Chemotherapy with Biweekly
Cetuximab and Irinotecan for Pre-treated Metastatic Colorectal

Cancer Harboring Wild-type KRAS

Kohei Shitara’", Tomoya Yokota', Daisuke Takahari', Takashi Shibata', Takashi Ura', Yoshito Komatsu23,
Satoshi Yuki2, Motoki Yoshida*, Hiroya Takiuchi?, Setsuo Utsunomiya®, Yasushi Yatabe® and Kei Muro!

'Department of Clinical Oncology, Aichi Cancer Center Hospital, Nagoya, Aichi, 2Department of Gastroenterology,
Hokkaido University Graduate School of Medicine, Hokkaido, ®Department of Cancer Chemotherapy, Hokkaido
University Hospital Cancer Center, Hokkaido, “Cancer Chemotherapy Center, Osaka Medical College, Osaka,
°Department of Gastroenterology, Nagoya Kyoritsu Hospital, Nagoya and ®Department of Pathology and Molecular

Diagnostics, Aichi Cancer Center, Aichi, Japan

*For reprints and all correspondence: Kohei Shitara, Department of Clinical Oncology, Aichi Cancer Center Hospital,
1-1 Kanokoden, Chikusa-ku, Nagoya, Aichi 464-8681, Japan. E-mail: kouheis0824 @yahoo.co.jp

Received November 29, 2009; accepted February 14, 2010

‘Standard weekly cetuximab and irinotecan is an effective regimen in heavily pre-treated
patients with metastatic colorectal cancer. The aim of this study is to prospectively evaluate
the efficacy of combination chemotherapy with biweekly cetuximab and irinotecan in patients
with pre-treated metastatic colorectal cancer harboring wild-type KRAS. A total of 30 patients
will be enrolled at four medical institutions. The primary endpoint is response rate. The sec-
ondary endpoints include adverse events, progression-free survival and overall survival. The
pharmacokinetics of cetuximab will also be evaluated in five patients.

Key words: colorectal cancer — chemotherapy — cetuximab — irinotecan

INTRODUCTION

Cetuximab, a recombinant, human/mouse chimeric mono-
clonal IgG1 antibody that specifically targets epidermal
growth factor receptor, has been shown to significantly
improve the prognosis of metastatic colorectal cancer
(MCRC) compared with best-supportive care alone in the
third-line setting (1). Furthermore, combining cetuximab
with irinotecan results in a higher response rate than cetuxi-
mab alone, even in patients with irinotecan-refractory
disease (2), suggesting that cetuximab may restore chemo-
sensitivity in these patients. Because of these results, cetuxi-
mab plus irinotecan has become the standard chemotherapy
in MCRC after failure with 5-fluorouracil, oxaliplatin and iri-
notecan. Following these two pivotal studies, several retro-
spective reports suggested that cetuximab is not efficacious
in patients with cancers harboring KR4S mutations (3—7).
Therefore, the indications for cetuximab are considered to be
limited to cancers bearing wild-type KRAS based on these

retrospective studies (8). We conducted a Phase II study
employing weekly cetuximab plus biweekly irinotecan for
wild-type KRAS MCRC (9). An objective response rate of
30.0% and a disease control rate of 80.0% were shown in
our previous study (9). Although KRAS testing is not yet
approved here in Japan as of November 2009, early approval
is expected.

On the basis of past pivotal studies, the standard schedule
for cetuximab is weekly administration (1,2). In principal,
cetuximab is administered weekly with an initial intravenous
infusion of 400 mg/m2 on day 1 infused over 120 min, with
subsequent weekly doses of 250 mg/m? infused over 60 min.
This regimen was used in a Japanese Phase II study (10) and
in our prior study (9) with acceptable toxicity. However, in
Japan, irinotecan has been commonly administered biweekly.
Therefore, if we could achieve similar efficacy and safety
with biweekly administration of cetuximab, it would be
more convenient both for the patient and for the treating

{© The Author (2010). Published by Oxford University Press. All rights reserved.
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Phase 1 study of combination chemotherapy with biweekly cetuximab and irinotecan

institution. There are a few reports which evaluated efficacy
and feasibility of biweekly administration of cetuximab (11—
13). Tabernero et al. conducted a Phase I study of biweekly
cetuximab. In their study, cetuximab could be safely admi-
nistered biweekly at doses between 400 and 700 mg/m? (11).
They concluded that 500 mg/m” was the most convenient
and feasible dose. Other two studies using biweekly cetuxi-
mab 500 mg/m? plus irinotecan showed response rate of
22.5-25% in pre-treated MCRC with the similar toxicity
compared with weekly cetuximab (12,13). However, to our
best knowledge, no data have been obtained in Japan.
Therefore, we have planned a Phase II study of combination
chemotherapy with biweekly cetuximab and irinotecan for
pre-treated MCRC harboring wild-type KRAS. The insti-
tutional review board of each participating center approved
the study protocol. This study was registered at the UMIN
Clinical Trials Registry as UMIN000001951 (http://www.
umin.ac.jp/ctr/index.htm).

PROTOCOL DIGEST OF THE STUDY

PurPoOSE

The aim of this study is to evaluate the efficacy and safety of
combination chemotherapy with biweekly cetuximab plus
irinotecan for the treatment of patients with MCRC that has
progressed after irinotecan-, oxaliplatin- and fluoropyrimidine-
based chemotherapy.

STuDY SETTING

The study was a multi-institutional prospective Phase II trial,
where participating institutions include four specialized
centers, as of November 2009.

ENDPOINTS

The primary endpoint is response rate. The tumor response
will be assessed objectively after each course according to
the Response Evaluation Criteria in Solid Tumors
(RECIST), and the maximum response rate will be taken as
the antitumor effect for that patient. The secondary endpoints
include adverse events defined by Common Terminology
Criteria for Adverse Events (CTCAE), version 3.0,
progression-free survival and overall survival. A pharmaco-
kinetic (PK) study of cetuximab is also planned to be evalu-
ated in five patients.

ELIGIBILITY CRITERIA
INcLusION CRITERIA

Prior to enrollment in the study, patients must fulfill all of
the following criteria: (i) patients with histopathologically
proven metastatic colorectal adenocarcinoma with wild-type
KRAS are eligible for this study. KRAS status is evaluated in

each institution using one of the following methods;
cycleave PCR (Aichi Cancer Center Hospital) (14,15) or
direct sequence methods (BML, Tokyo, Japan). Wild-type
KRAS means patients without KRAS mutations in codons 12
and 13, regardless of the KRAS testing method. (ii) Eastern
Cooperative Oncology Group performance status 0—2. (iii)
The presence of measurable metastatic disease, as defined by
the RECIST criteria. (iii) The presence of radiographically
confirmed disease progression during previous chemotherapy
using irinotecan, or within 3 months after the last che-
motherapy dose. (iv) Treatment failure (defined as disease
progression/discontinuation due to toxicity) within 6 months
of the last dose of fluoropyrimidine- and oxaliplatin-based
chemotherapy. (v) Adequate bone marrow reserve (neutro-
phil count >1000/mm? and platelet count >100 000/mm?).
(vi) Adequate hepatic function [aspartate aminotransferase
and alanine aminotransferase <2.5 times the institutional
upper normal limit (<5 times in patients with liver metas-
tases) and total bilirubin <1.5 times the upper normal limit).
(vii) Adequate renal function (serum creatinine <2.0 times
the upper normal limit).

ExcLusioNn CRITERIA

Patients are excluded if they meet any of the following cri-
teria: (i) having uncontrollable ascites or pleural effusion;
and (ii) having serious co-morbidities such as pulmonary
fibrosis or interstitial pneumonia, uncontrollable diabetes
mellitus, severe heart disease, other active malignancy,
active inflammation or other serious medical conditions.

TREATMENT METHODS

The treatment schedule is based on the results of prior
studies (10—12). Cetuximab is administered initially at a
dose of 500 mg/m? as a 2 h infusion followed by biweekly
administration of 500 mg/m? as a 1 h infusion. Irinotecan is
administered biweekly. The dose of irinotecan (100—
150 mg/m?) is selected by each physician according to each
individual patient, based on prior toxicities experienced with
irinotecan. Patients receive premedication with antihistamine
[e.g. 50 mg diphenhydramine hydrochloride intravenously
(i.v.)] to minimize the risk of infusion-related reactions
associated with cetuximab. The following anti-emetic treat-
ments are administered on demand: dexamethasone 4 mg
prior to cetuximab, and dexamethasone 8—16 mg plus grani-
setron 1 mg i.v. prior to irinotecan. Grade 3—4 hypersensitiv-
ity necessitates cetuximab discontinuation; infusion is
slowed to 50% of the prior infusion rate for Grade 1-2
allergic/hypersensitivity reactions. Cetuximab is withheld for
Grade 3 skin toxicity until resolution to <Grade 2. Dose
modification and treatment alterations are also performed for
irinotecan-associated toxicities. For Grade 4 thrombocytope-
nia or Grade 3—4 neuropathy, irinotecan is discontinued.
The irinotecan dose is reduced by 20 mg/m? in the case of
Grade 4 neutropenia, Grade 2—3 thrombocytopenia or Grade
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3—4 non-hematological toxicity. Other dose adjustments are
made on an individual patient basis. Treatment is discontin-
ued if the tumor progresses, severe toxicity occurs or at the
patient’s request. There is no set maximum number of
courses.

CetuximaB PK ANALYSIS

Blood samples for PK analysis are taken in five patients at
day 1 (end of infusion), day 15 (pre-dose and end of infu-
sion) and day 29 (pre-dose). PK parameters are calculated
according to standard non-compartmental methods.

FoLLow-up

Physical examination, safety evaluation and laboratory tests
are performed prior to starting treatment and biweekly there-
after. Responses are evaluated every 8 weeks or earlier if
there are indications of treatment failure due to toxicity. All
eligible subjects are included in the assessment of efficacy
and safety. Non-evaluable subjects are only added into the
efficacy assessment data set as ‘not evaluable’. The follow-
ing dates are recorded: (i) date of starting treatment, (ii) date
achieving best tumor response, (iii) date of disease pro-
gression, (iv) final date assessing survival and (v) date of
death.

STubY DESIGN AND STATISTICAL METHODS

A one-stage design employing binomial probability is used
to determine the sample size. A patient receiving at least
one chemotherapy study dose is considered evaluable for
response. The response rate threshold is defined as 5%,
and the expected response rate is set at 25%, since the
response rate in the BOND-1 study was 22.9% (2). The
sample size of this trial is 25 patients (a- and B-error
probabilities, 0.05 and 0.2, respectively). Considering an
~10% drop-out rate, 30 patients are required for this
study. Progression-free survival is measured from the date
of entry into the trial to the time when progression or
death without evidence of progression occurs. The median
survival time is estimated from the date of study entry to
the date of death or last follow-up visit using Kaplan—
Meier methodology.

PARTICIPATING INSTITUTIONS (FROM
NORTH TO SOUTH)

Hokkaido University Hospital, Aichi Cancer Center
Hospital, Nagoya Kyoritsu Hospital and Osaka Medical
College.
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Articles l

Irinotecan plus S-1 (IRIS) versus fluorouracil and folinic
acid plus irinotecan (FOLFIRI) as second-line chemotherapy
for metastatic colorectal cancer: a randomised

phase 2/3 non-inferiority study (FIRIS study)

Kei Muro, Narikazu Boku, Yasuhiro Shimada, Akihito Tsuji, Shinichi Sameshima, Hideo Baba, Taroh Satoh, Tadamichi Denda, Kenji Ing,
Tomohiro Nishina, Kensei Yamaguchi, Hiroya Takiuchi, Taito Esaki, Shinya Tokunaga, Hiroyuki Kuwano, Yoshito Komatsu, Masahiko Watanabe,
Ichinosuke Hyodo, Satoshi Morita, Kenichi Sugihara

Summary

Background Fluorouracil and folinic acid with either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) are widely used as
first-line or second-line chemotherapy for metastatic colorectal cancer. However, infusional fluorouracil-based
regimens, requiring continuous infusion and implantation of an intravenous port system, are inconvenient. We
therefore planned an open-label randomised controlled trial to verify the non-inferiority of irinotecan plus oral S-1
(a combination of tegafur, 5-chloro-2,4-dihydroxypyridine, and potassium oxonate; IRIS) to FOLFIRI as second-line
chemotherapy for metastatic colorectal cancer.

Methods Between Jan 30, 2006, and Jan 29, 2008, 426 patients with metastatic colorectal cancer needing second-line
chemotherapy from 40 institutions in Japan were randomly assigned by a computer-based minimisation method to
receive either FOLFIRI (n=213) or IRIS (n=213). In the FOLFIRI group, patients received folinic acid (200 mg/m?)
and irinotecan (150 mg/mz2) and then a bolus injection of fluorouracil (400 mg/m?2) on day 1and a continuous infusion
of fluorouracil (2400 mg/m?2) over 46 h, repeated every 2 weeks. In the IRIS group, patients received irinotecan
(125 mg/m?2) on days 1 and 15 and S-1 (40-60 mg according to body surface area) twice daily for 2 weeks, repeated
every 4 weeks. The primary endpoint was progression-free survival, with a non-inferiority margin of 1-333. Statistical
analysis was on the basis of initially randomised participants. This study is registered with ClinicalTrials.gov, number
NCT00234258.

Findings All randomised patients were included in the primary analysis. After a median follow-up of 12-9 months
(IQR 11-5-18-2), median progression-free survival was 5-1 months in the FOLFIRI group and 5-8 months in the
IRIS group (hazard ratio 1077, 95% CI 0-879-1- 319, non-inferiority test p=0-039). The most common grade three or
four adverse drug reactions were neutropenia (110 [52-1%] of 211 patients in the FOLFIRI group and 76 [36-2%] of
210 patients in the IRIS group; p=0-0012), leucopenia (33 [15-6%] in the FOLFIRI group and 38 [18-1%] in the IRIS
group; p=0-5178), and diarrhoea (ten [4-7%)] in the FOLFIRI group and 43 [20-5%)] in the IRIS group; p<0-0001). One
treatment-related death from hypotension due to shock was reported in the FOLFIRI group within 28 days after the
end of treatment; no treatment-related deaths were reported in the IRIS group.

Interpretation Progression-free survival with IRIS is not inferior to that with FOLFIRI in patients receiving second-
line chemotherapy for metastatic colorectal cancer. Treatment with IRIS could be an additional therapeutic option for
second-line chemotherapy in metastatic colorectal cancer.

Funding Taiho Pharmaceutical Co Ltd and Daiichi Sankyo Co Ltd.

Introduction

The combination of fluorouracil and folinic acid with
either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI)
has been established as the standard first-line
chemotherapy for metastatic colorectal cancer.! For
second-line chemotherapy for patients resistant to
fluorouracil, randomised comparative studies have
shown that irinotecan monotherapy was effective.?’
Rougier and colleagues‘ showed comparable efficacy of
FOLFIRI, FOLFOX, and irinotecan and oxaliplatin
(IROX) in patients unresponsive to fluorouracil in a
randomised phase 2 study.

www.thelancet.com/oncology Vol11 September 2010

Tournigand and colleagues® showed that, in patients with
metastatic colorectal cancer who were randomly assigned
to receive FOLFIRI or FOLFOX as first-line chemotherapy
and then crossed over to receive the other as second-line
chemotherapy, overall survival was similar in both groups.
Consequently, initial treatment with FOLFOX and then
second-line treatment with FOLFIRI or vice versa is
recommended as standard therapy* However, infusional
fluorouracil-based  regimens, requiring continuous
infusion and implantation of an intravenous port system,
are inconvenient and sometimes associated with catheter-
related problems such as infection and thrombosis.
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chemotherapy failed.

Methods

Patients

Inclusion criteria were histologically confirmed colorectal
adenocarcinoma; unresectable metastatic disease; age
20-75 years; Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1; withdrawal from first-line
chemotherapy due to toxicity or progressive disease, or
relapse within 24 weeks after the final dose of preoperative
or postoperative chemotherapy; no previous treatment
with irinotecan; sufficient oral intake; adequate organ
function (white blood cell count 3000-12000 cells per pL,
platelet 2100000 per pL, aspartate aminotransferase [AST]
<100 IU/L, alanine aminotransferase [ALT] <100 IU/L,

S-1 is an oral fluoropyrimidine consisting of tegafur,
5-chloro-2,4-dihydroxypyridine (CDHP), and potassium
oxonate, in which tegafur is a pro-drug of fluorouracil,
CDHP is a dihydropyrimidine dehydrogenase (DPD)
inhibitor maintaining the serum concentration of fluoro-
uracil, and potassium oxonate is an inhibitor of orotate
phosphoribosyl transferase,
toxicities. Response rates for monotherapy with S-1 are
around 35% for colorectal cancer, and it is suggested that
DPD inhibition in tumour cells might contribute to
antitumour effects because S-1 has been effective against
many solid tumours with high DPD expression.” Clinically,
responses rates of 52-5-62-5% have been reported in
phase 2 studies of irinotecan plus S-1 combination therapy,
with median progression-free survival of 7-8-8-6 months
for first-line treatment for metastatic colorectal cancer.*™
These results suggest that the efficacy of IRIS might be
comparable to that of FOLFIRI and that IRIS might also be
more convenient for both patients and medical facilities.

We did a phase 2/3 randomised study (FIRIS study) to
verify the non-inferiority of IRIS to FOLFIRI in patients
with metastatic colorectal cancer in whom first-line

reducing gastrointestinal

| 426 eligible patients

v

213 allocated to RIS

210 received IRIS
3 did not receive the study drug (one due
to patient's refusal, one due to
investigator's judgment, and one due
to disease progression)

198 received IRIS
5 had no measurable lesions as per
inclusion criteria
9 received abdominal irradiation therapy
1 received concomitant drug

Analysis of all
participants

Safety analysis

Per protocol
analysis

v

| 213 allocated to FOLFIRI

-

211 received FOLFIRI
2 did not receive the study drug (one due
to patient's refusal and one due to
investigator’s judgment)

.

203 received FOLFIRI
3 had no measurable lesions as per
inclusion criteria
1 received treatment with chemotherapy
for metastatic disease more than twice
S received abdominal irradiation therapy
1 complication

Figure 1: Trial profile
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total bilirubin <25-7 pmol/L [<15 mg/L], and creatinine
<106-1 pmol/L [<12 mg/L]); and no abnormal electro-
cardiographic findings within 28 days before enrolment.
Exclusion criteria were pregnancy or lactation; second
non-colorectal cancer; complications such as ileus,
uncontrolled diabetes mellitus, or hypertension; severe
diarrhoea; clinically evident gastrointestinal haemorrhage;
and ascites or pleural effusion needing treatment.

The protocol of this study was approved by the
institutional review board or ethics committee of each
institution. The study was conducted in compliance with
the Declaration of Helsinki. Written informed consent
was obtained from all patients participating in the study.

Randomisation and masking

Investigators provided the patient’s details to the central
registration centre through a web-based registration
system. After an eligibility check, patients were randomly
assigned to receive FOLFIRI or IRIS at the central
registration centre by a computer program, by use of a
minimisation method with stratification by institution,
prior therapy (with or without oxaliplatin), and performance
status (0 or 1). Assignment of patients was concealed from
the investigator. Treatment assignment was not masked
from the investigators or patients.

Procedures
Our randomised, open-label, phase 2/3 study in patients
with the second-line metastatic colorectal cancer was
done in 40 institutions in Japan (mainly hospitals and
medical centres). In the phase 2 portion, safety was
assessed in patients treated with either FOLFIRI
(30 patients) or IRIS (30). Additionally, the response rate
in the first 50 patients in the IRIS group was assessed
because IRIS is an unfamiliar regimen in Japan. An
independent data and safety monitoring board reviewed
our results (safety and efficacy in the phase 2 portion;
safety in the phase 3 portion), and approved proceeding
to the phase 3 portion. The final analysis was done by use
of the combined data from phase 2 and 3 portions.
Patients in the FOLFIRI group received concurrent
folinic acid (200 mg/m?) and irinotecan (150 mg/m2) and
then a bolus injection of fluorouracil (400 mg/m?) on
day 1and subsequent continuous infusion of fluorouracil
(2400 mg/m2) over 46 h, repeated every 2 weeks (4 weeks
counted as one cycle). In the FOLFIRI group, the dose of
irinotecan was 150 mg/m?, the approved dose in Japan."
The IRIS group received irinotecan (125 mg/m?) on days 1
and 15 and S-1 (40 mg for patients with body surface area
[BSA] <1-25 m?2; 50 mg for patients with BSA 1-25<1-5m?;
60 mg for patients with BSA =1-5 m?) twice daily for
2 weeks from days 1-14 and then a 2-week pause, on the
basis of results of phase 2 studies.*” We selected this
regimen from several documented regimens of irinotecan
and S-1 to match the regimen of FOLFIRI in the control
arm. Regimens in which irinotecan is given every
2 weeks®™" and every 3 weeks are in clinical use in Japan.®
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In both FOLFIRI and IRIS groups, treatment was
delayed until recovery if white blood cell count fell below
than 3000 cells per pL, platelets fell below 100000 per pL,
AST or ALT were over 100 IU/L, total bilirubin was higher
than 25-7pumol/L, creatinine was higher than 106 - 1pmol/L,
the patient experienced diarrhoea of grade one or greater,
or other non-haematological toxicities greater than grade
two. If a patient experienced a grade four haematological
or grade three or higher non-haematological toxicity, the
dose was decreased by one level for the next course of
treatment, and therapy was resumed.

Treatment was continued until progressive disease,
unacceptable toxicity, or patient’s refusal to continue
treatment. Because molecularly targeted agents such as
bevacizumab, cetuximab, and panitumumab were not
approved in Japan at the start of our study, no restriction
for such agents was specifically placed on treatment
before or after the study.

Physical examination, electrocardiography, performance
status, and laboratory tests were done at baseline and
repeated at least every 2 weeks during treatment. Tumours
were assessed at baseline (within 1 month before
enrolment), and at 2, 3, and 4 months after enrolment, and
thereafter every 2 months until progression. Progression
was defined as progressive disease on the basis of the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0, clinical progression judged by the investigator,
or death from any cause without progression.

Progression-free survival was counted from the date of
randomisation to the date when the progressive disease
was first confirmed by the investigator’s assessment. For
patients without documented progressive disease, data
was censored on the date of the last tumour assessment
with non-progression status. Overall survival was
calculated from the date of randomisation to the date of
death or confirmation of survival.

Toxicity was evaluated on the basis of the Common
Terminology Criteria for Adverse Events (CTCAE)
version 3.0.

Statistical analysis
The primary efficacy analysis was done with all
randomised patients; we also did a per-protocol analysis
in which patients in whom there was a major violation
such as inclusion or exclusion criteria or protocol
treatments were excluded. Safety was assessed in all
patients who received at least one dose of the study drug.
The primary objective of our study was to show non-
inferiority of IRIS to FOLFIRI for progression-free survival
in the whole randomised population. On the basis of data
from previous reports in patients with metastatic colorectal
cancer who received second-line chemotherapy, median
progression-free survival with both FOLFIRI and IRIS
was assumed to be 4 months. The steering committee
deemed that response assessment could not be repeated
more frequently than once a month, so a difference in
progression-free survival shorter than 1 month could not
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be detected precisely. Thus, progression-free survival with
IRIS that was 1 month shorter than with FOLFIRI would
be acceptable as a lower margin for inferiority, given the
expected hazard ratio [HR] of 1-0. The 95% CI upper limit
of the HR, calculated using Cox regression analysis with
stratification factors other than institution, was prespecified
as less than 1-333, meaning the null hypothesis was that
median progression-free survival with IRIS would be
1 month shorter than with FOLFIRI. Because 379 events
were needed to show non-inferiority with a two-sided a of
0-05 and a power of 80%, a target sample size
of 400 patients was required.

Secondary endpoints were overall survival, response
rate, and toxicity. Subgroup analyses were done to
establish whether therapeutic efficacy was affected by
sex, age, histological type, performance status, and prior
chemotherapy with or without oxaliplatin. Progression-
free and overall survival were estimated using the
Kaplan-Meier method. The 95% CI for median
progression-free and overall survival was calculated
using the method of Brookmeyer and Crowley.* All
p values were two-sided. All statistical analyses were done
with SAS version 8.2. This study is registered
with ClinicalTrials.gov, number NCT00284258.

Role of the funding source

The funding source had no role in the study design,
data collection, data analysis, or interpretation. All
authors had access to all of the data. The corresponding
author had final responsibility for decision to submit
for publication.

FOLFIRI (n=213)  IRIS(n=213)
Sex
Male 123 (57:7%) 120 (56-3%)
Female 90 (42:3%) 93 (43-7%)
Age (years) 63-0(32-75) 61-0 (29-75)
ECOG performance status
0 160 (75:1%) 158 (74:2%)
1 53 (24-9%) 55 (25-8%)
Histological type
Well differentiated 62 (29-1%) 60 (28-2%)
Moderately differentiated 124 (58-2%) 133 (62-4%)
Poorly differentiated 13 (61%) 8(38%)
Other 13 (6:1%) 11(5:2%)
Undetermined 1(05%) 1(0-5%)
Previous chemotherapy with oxaliplatin
Yes 128 (60-1%) 129 (60-6%)
No 85(39-9%) 84(39-4%)
Number of metastatic sites
One 92 (43-2%) 88 (413%)
Two or more 120 (56-3%) 124 (58-2%)
Data are number (%) or median (range). FOLFIRI=folinic acid, fluorouracil, and
irinotecan. IRIS=irinotecan and $-1. ECOG=Eastern Cooperative Oncology Group.
Table 1: Baseline patient characteristics
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Results

426 patients from 40 institutions in Japan were enrolled
in the study from Jan 30, 2006, to Jan 29, 2008, and
randomised either to the FOLFIRI or IRIS group
(213 patients in each; figure 1). Of the per-protocol
population, 203 patients were in the FOLFIRI group
and 198 were in the IRIS group;
exclusion are shown in figure 1. All patients who
received study treatment (211 patients in the FOLFIRI
group and 210 patients in the IRIS group) were
evaluation.
characteristics were well balanced between the two

included in the safety

groups (table 1).

reasons for
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Figure 2: Progression-free survival (A) and overall survival (B)

FOLFIRI=infusional fluorouracil, folinic acid, and irinotecan. IRIS=irinotecan plus S-1. HR=hazard ratio.
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The mean number of cycles of protocol treatment was
4.7 (range 1-20) for FOLFIRI and 4.9 (1-23) for IRIS.
Median relative dose intensities to the planned dose were
almost identical: irinotecan 78-3%, bolus fluorouracil
76-9%, and infusional fluorouracil 81-5% in the FOLFIRI
group, and irinotecan 78-3% and S-1 88-9% in the IRIS
group. Treatments were discontinued because of disease
progression in 68-5% (146 patients) in the FOLFIRI group
and in 66-2% (141) in the IRIS group, adverse events in
10-8% (23) and in 16-9% (36), and patient’s refusal 1-9%
(four) and 6-1% (13). 179 patients in the FOLFIRI group
and 184 patients in the IRIS group needed a dose delay or
dose reduction. Treatment after the trial (ie, treatment after
failure of second-line regimen) was given to 159 (74-6%)
patients in the FOLFIRI group and 147 (69-0%) in the IRIS
group. As third-line treatment, an oxaliplatin-containing
regimen was given to 58 (27-2%) patients in the FOLFIRI
and 63 (29-6%) in the IRIS group. Molecularly targeted
agents as treatments after the trial were used in 24 patients
in the FOLFIRI group and 16 in the IRIS group.

As of Dec 31, 2008, collection of progression-free and
overall survival data was cut off, with 389 confirmed
events (194 FOLFIRI and 195 IRIS). Median follow-up
was 12-9 months (IQR 11-5-18-2). Median progression-
free survival was 5-1 months in the FOLFIRI group and
5-8 months in the IRIS group. In the entire randomised
population, the HR of progression-free survival in the
IRIS group compared with the FOLFIRI group was 1-077
(95% CI 0-879-1-319, p=0-039). Similar results were
seen in the per protocol population: median progression-
free survival was 5-1 months in the FOLFIRI group and
5.7 in the IRIS group (HR 1-050, 95% CI 0-851-1-294).

The data on overall survival are preliminary because of
short follow-up. 117 of the 213 patients in the FOLFIRI
group and 110 of the 213 patients in the IRIS group died
due to any cause. Median overall survival in the entire
randomised population was 18- 2 months in the FOLFIRI
group and 19-5 months in the IRIS group (HR 0-909,
95% CI 0-699-1-181; figure 2). In the per protocol
population, median overall survival was 18-1 months in
the FOLFIRI group and 19-3 months in IRIS group
(HR 0-896, 95% CI 0-685-1-172).

The overall response rate was 16-7% (one patient had
a complete response, 28 patients had a partial response)
of 174 patients with evaluable response data in the
FOLFIRI group and 18-8% (one patient had a complete
response, 33 patients had a partial response) of 181 in
the IRIS group.

Figure 3 shows the results of subgroup analyses of
progression-free survival. Although no interaction was
identified between sex, age, histological type, or
performance status and therapeutic effects of IRIS
compared with FOLFIRI, a statistically significant inter-
action was noted between prior chemotherapy (with or
without oxaliplatin) and therapeutic effects (p=0-030). In
the subgroup of patients receiving prior chemotherapy
with oxaliplatin, median progression-free survival was
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5.7 months in the IRIS group and 3-9 months in the
FOLFIRI group (adjusted HR 0-876,95% CI 0-677-1-133),
whereas in patients without prior oxaliplatin treatment it
was 6-0 months and 7-8 months, respectively (HR 1-490,
95% CI 1-079-2-059). A similar tendency was noted in
the overall survival (figure 4).

Table 2 lists major adverse events. In the two groups,
the incidences of adverse events were not markedly
different from those previously reported, and none of the
adverse events were unexpected. Significantly more
patients in the FOLFIRI group experienced grade three
or four neutropenia than did those in the IRIS group
(110 [52-1%)] of 211 patients in the FOLFIRI group vs
76 [36-2%)] of 210 in the IRIS group; p=0-0012);
33 (15-6%) of patients in the FOLFIRI group and
38 (18-1%) in the IRIS group experienced leucopenia
(p=0-5178). The most common non-haematological
toxicities were diarrhoea (10 [4-7%] in the FOLFIRI group
vs 43 [20-5%] in the IRIS group; p<0-0001), anorexia
(11 [5-2%)] vs 23 [11-0%]; p=0-0329), nausea (nine [4-3%]
vs four [1.9%]; p=0-2593), fatigue (seven [3-3%] vs
18 [8:6%); p=0-.0242), and febrile neutropenia (two
[0-9%)] vs 10 [4-8%)]; p=0-0205), all at grade three (table 2).
One treatment-related death from hypotension due to
shock was reported in the FOLFIRI group within 28 days
after the end of treatment; no treatment-related deaths
were reported in the IRIS group.

Discussion

Our randomised study, comparing FOLFIRI and IRIS as
second-line chemotherapy for patients with metastatic
colorectal cancer, shows the non-inferiority of IRIS to
FOLFIRI. Similar results were obtained in both the entire
randomised population and in the more conservative
per-protocol analysis. Response rates and overall survival
were equivalent between the groups. To our knowledge,
this is the first phase 3 trial that shows non-inferiority of
oral fluoropyrimidine plus irinotecan therapy to FOLFIRI.
From the point of convenience, there has been substantial
demand for replacing infusional fluorouracil-based
regimens with oral fluorouracil agents. Our study was not
designed to collect specific data on working hours of
clinicians or the quality of life of patients. However, unlike
FOLFIRI, IRIS does not contain infusional fluorouracil
and thus does not require a long infusion process,
reducing the inconvenience to both patients and clinicians.
Additionally, no infuser pump is needed, providing a great
advantage to patients. Randomised studies comparing
FOLFOX with capecitabine plus oxaliplatin (XELOX) in
patients with metastatic colorectal cancer showed that
XELOX was non-inferior to FOLFOX.®* By contrast,
Fuchs and colleagues” reported that progression-free
survival with capecitabine plus irinotecan (CapelRI;
5-8 months) was clearly inferior to that with FOLFIRI
(7-6 months) as the first-line chemotherapy for metastatic
colorectal cancer, and CapelRI was associated with a
higher incidence of gastrointestinal toxicities and
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Figure 3: Subgroup analysis of progression-free survival
HR=hazard ratio.

hand-foot syndrome, resulting in discontinuation for
reasons other than disease progression.

In our study, the incidence of grade three or worse
diarrhoea, fatigue, febrile neutropenia, and anorexia were
significantly higher in the IRIS group than the FOLFIRI
group. In general, oral fluorouracil-derivative drugs have
been shown to be associated with a higher incidence of
diarrhoea.*”* This might also be applicable to S-1. It
might be attributable to 2-week treatment with S-1 in
IRIS compared with 2-day treatment with fluorouracil
in FOLFIRI. However, there was no significant difference
in the number of courses or dose intensity between
groups. It is thought that all adverse events could be
controlled by supportive care, treatment interruptions, or
dose reduction, with little effect on treatment continuity.
Of note, in the IRIS group, grade four diarrhoea was not
detected and fewer of the patients enrolled towards the
end of the study experienced grade three diarrhoea.

The . incidence of fluorouracil-induced diarrhoea,
especially by oral fluoropyrimidines, has been shown to be
higher in non-Asian patients than Asian patients.”* We
speculate that IRIS therapy might also be less feasible in
non-Asian patients; therefore, the optimum dose of S-1in
IRIS should be clarified for this population. The reported
incidence of hand-foot syndrome due to fluoropyrimidine
derivatives containing DPD inhibitors, such as S-1, was
low in both Japanese and western trials.? In our study,
grade three hand-foot syndrome, which is frequently
noted with capecitabine-based regimens both in Japanese
and non-Asian patients, was not noted in the IRIS group.
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Figure 4: Survival according to prior chemotherapy

Progression-free survival with prior oxaliplatin (A). Overall survival with prior oxaliplatin (B). Progression-free survival without prior oxaliplatin (C). Overall survival
without prior oxaliplatin (D). FOLFIRI=infusional fluorouracil, folinic acid, and irinotecan. IRIS=irinotecan plus S-1. HR=hazard ratio.

When our trial was started, FOLFOX was already the
standard first-line treatment worldwide, but because
oxaliplatin had just been launched in Japan, patients who
received prior chemotherapy regimens without oxaliplatin
were also enrolled. In the subgroup that received prior
oxaliplatin, the adjusted HR for progression-free survival
of IRIS to FOLFIRI was 0-876 (95% CI 0-67/-1-133)
suggesting that IRIS was non-inferior to FOLFIRI after
failure on oxaliplatin-containing regimens. In this
subgroup, the median progression-free survival associated
with IRIS was 5.7 months, and much better than the
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previously reported progression-free survival associated
with FOLFIRI in patients who received prior chemotherapy
with a fluoropyrimidine and oxaliplatin.** FOLFOX or
FOLFIRI as the firstline chemotherapy and subsequent
crossover in the second line is the most common treatment
strategy for metastatic colorectal cancer, although there is
no evidence of superiority of FOLFIRI over irinotecan
alone. In Japan, the approved dose of irinotecan
(150 mg/m?, every 2 weeks) alone is lower than that in
western countries, and monotherapy with irinotecan
(350 mg/m?, every 3 weeks) could not be used. Both IRIS
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FOLFIRI (n=211) IRIS (n=210) p value (grade 3-4)
All grades Grade 3 Grade 4 All grades Grade 3 Grade 4
Neutropenia 179 (84-8%) 76 (36:0%) 34 (16:1%) 139 (66-2%) 54 (25-7%) 22 (10-5%) 0-0012
Leucapenia 170 (80-6%) 32 (15-2%) 1(0-5%) 154 (73-3%) 32(152%) 6 (2-9%) 0:5178
Anaemia 115 (54-5%) 13(6-2%) 1(0-5%) 156 (74-3%) 19 (9-0%) 2(1-0%) 0-2221
Thrombocytopenia 63 (29:9%) 1(0-5%) 1(0-5%) 74 (35-2%) 0 (0-0%) 0(0:0%) 0-4988
Diarrhoea 125 (59-2%) 10 (4.7%) 0(0-0%) 167 (79-5%) 43 (20-5%) 0(0-0%) <0-0001
Fatigue 144 (68-2%) 7 (3:3%) 0(0-0%) 153 (72-9%) 18 (8-6%) 0(0-0%) 00242
Febrile neutropenia 3(1:4%) 2(0-9%) 0(0-0%) 10 (4-8%) 10 (4-8%) 0(0:0%) 0-0205
Mucositis or stomatitis 92 (43:6%) 1(0:5%) 0(0-0%) 102 (48-6%) 6(2:9%) 0(0:0%) 0-0677
Anorexia 129 (61-1%) 11 (5-2%) 0(0-0%) 141(67-1%) 23 (11:0%) 0(0:0%) 0-0329
Nausea 111 (52:6%) 9 (4:3%) 0(0-0%) 99 (47-1%) 4(1:9%) 0(0-0%) 0-2593
Data are number (%).
Table 2: Safety analysis

and FOLFIRI showed longer median progression-free
survival than reported in trials of monotherapy with
irinotecan.*” Thus, irinotecan-based regimens, such as
FOLFIRI and IRIS, delivered every 2 weeks, should be
considered after FOLFOX failure, especially in Japan. By
contrast, in the subgroup of patients previously treated
without oxaliplatin, progression-free survival was longer
in the FOLFIRI group than in the IRIS group (HR 1-490,
95% CI 1-079-2-059). In this subset, prior fluorouracil
monotherapy (oral, bolus) had failed in some patients. For
these patients, FOLFIRI might have greater efficacy than
IRIS. Nonetheless, even in this subgroup, median
progression-free survival in the IRIS group was
6-0 months and no worse than that previously reported
for second-line chemotherapy in patients refractory to
fluorouracil alone. >

In each of the subgroups stratified by use or non-use of
oxaliplatin, no differences were identified in other patient
characteristics between the two groups. There is no clearly
understood reason for the interaction between the presence
or absence of oxaliplatin and therapeutic effects in the two
groups. We speculate that a different mode of fluorouracil

Research in context

Systematic review

Before the study was initiated, we searched the PubMed
database for relevant articles using search terms such as
“metastatic colorectal cancer”, “chemotherapy”, “second
line”, and “phase 3”. Based on the relevant articles obtained,
the institutional review board reviewed the appropriateness
as well as ethical and scientific aspects of the study, on which

to base the approval of the study.

Interpretation

Our study demonstrates the non-inferiority of IRIS to FOLFIRI,
one of international standard therapies for second-line
chemotherapy of metastatic colorectal cancer; thus, IRIS is an
option for second-line chemotherapy.
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administration in FOLFIRI compared with prior therapy
might work more effectively than S-1 for the patients
without prior therapy with oxaliplatin, and that S-1 might
have some salvage effects in patients who received
FOLFOX involving bolus and infusional fluorouracil.

Our data have some limitations. First, progression-free
survival, the primary endpoint, was assessed on the basis
of disease progression established by the investigator at
each medical institution. Therefore, caution should be
used when our results are compared with those of other
studies in which progression-free survival was centrally
assessed. Second, around 40% of the patients in this trial
were not previously treated with oxaliplatin, since FOLFOX
therapy was approved in Japan only just before the study
was started. Because FOLFOX is now widely used as first-
line chemotherapy in Japan, patients should be carefully
selected when our overall results are used to apply IRIS
therapy in the clinical setting. However, we believe that
the findings from subgroup analyses suggest that IRIS
was better than FOLFIRI in patients who received an
oxaliplatin-containing regimen as first-line chemotherapy.

In conclusion, progression-free survival with IRIS is not
inferior to that with FOLFIRI in patients receiving second-
line chemotherapy for metastatic colorectal cancer. IRIS
therapy can be an additional treatment option for second-
line chemotherapy in metastatic colorectal cancer.
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Purpose: In this Phase II study, we evaluated the efficacy and toxicity of chemoradiotherapy (CRT) with cisplatin
(CDDP) and 5-fluorouracil (5-FU) for Stage II-III esophageal squamous cell carcinoma (ESCC).

Patients and Methods: Patients with clinical Stage II-III (TIN1MO or T2-3N0-1M0) thoracic ESCC were enrolled
between April 2000 and March 2002. Chemotherapy comprised two courses of protracted infusion of 5-FU (400
mg/m%/day) on Days 1-5 and 8-12, and 2-h infusion of CDDP (40 mg/m?) on Days 1 and 8; this regimen was
repeated every 5 weeks. Concurrent radiotherapy involved 60-Gy lrradlatmn (30 fractions) for 8 weeks Wlth
a 2-week break. Responders received two courses of 5-FU (800 mg/m*/day) on Days 1-5 and CDDP (80 mg/m?)
on Day 1. Final analysis was conducted in March 2007. Survival and late toxicities were monitored for 5 years.
Results: The characteristics of the 76 patients enrolled were as follows: median age, 61 years; male/female, 68/8;
performance status 0/1, 59/17 patients; Stage IIA/IIB/III, 26/12/38 patients. Of the 74 eligible patients, 46 (62.2%)
achieved complete response. Median survival time was 29 months, with 3- and 5-year survival rates of 44.7% and
36.8%, respectively. Acute toxicities included Grade 3/4 esophagitis (17 % ), nausea (17 %), hyponatremia (16%),
and infection without neutropenia (12%). Late toxicities comprised Grade 3/4 esophagitis (13%), pericardial
(16%) and pleural (9%) effusion, and radiation pneumonitis (4%), causing 4 deaths.

Conclusions: CRT is effective for Stage II-III ESCC with manageable acute toxicities and can provide a nonsurgi-
cal treatment option. However, further improvement is required for reduction in late toxicity. © 2010 Elsevier
Inc.

Esophageal squamous cell carcinoma, Chemoradiotherapy, Long-term toxicity, Salvage surgery.

INTRODUCTION the 5-year survival rate is reported to be 36.8-61% (2—4),
with a high morbidity rate.

Chemoradiotherapy (CRT) has proved effective against re-
sectable/unresectable ESCC. The Radiation Therapy Oncol-
ogy Group (RTOG) trial 85-01 demonstrated the superiority
of CRT with cisplatin (CDDP), 5-fluorouracil (5-FU), and
concurrent irradiation (50.4 Gy) over radiotherapy alone
(64 Gy) in patients with T1-3NO-1MO esophageal cancer
(5), in which the final outcome showed a 5-year survival
rate of 26% in the CRT arm compared with 0% in the

Esophageal cancer, a highly virulent malignancy, was re-
sponsible for 11,182 deaths in Japan in 2005, accounting
for 3.4% of the country’s total cancer deaths (1), with 35—
40% of the patients diagnosed with Stage II-III disease.
When this study was planned, the standard treatment for
Stage II-III esophageal squamous cell carcinoma (ESCC)
in Japan was esophagectomy with three-field lymph
node dissection, followed by postoperative chemotherapy;
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radiation-alone arm (6). Therefore, CRT is recognized as the
standard noninvasive treatment for patients with localized
esophageal cancer who opt for nonsurgical treatment.

CRT was introduced in Japan in the early 1990s as a treat-
ment for potentially unresectable locally advanced ESCC. In
a Phase Il trial, 18 of 54 (33%) patients with clinical T4 and/
or M1 lymph node ESCC, who received CDDP/5-FU with
concurrent 60-Gy irradiation, achieved complete response
(CR) with a 3-year survival rate of 23% (7). Since then,
CRT has been clinically indicated for patients with resectable
ESCC who refuse surgical resection. In a retrospective anal-
ysis, 55 patients with T1-3NanyMO0 ESCC, who received
CRT with CDDP, 5-FU, and concurrent 60-Gy irradiation,
showed a CR of 70% and a 5-year survival rate of 46%, sug-
gesting comparable outcomes with surgery (8). However, the
results were retrospective. Thus, we conducted a Phase II
study to evaluate the efficacy and toxicity, particularly the
long-term outcome, of CRT for Stage II-III ESCC.

PATIENTS AND METHODS

Eligibility

The eligibility criteria were as follows: pathologically con-
firmed thoracic ESCC; clinical Stage II-III excluding T4
(TINIMO or T2-3N1-0MO: International Union Against
Cancer [UICC] 1997); Eastern Cooperative Oncology Group
(ECOG) performance status (PS), O or 1; and age, 20-70
years. Patients who had previously undergone therapy for
esophageal cancer or chemotherapy/radiotherapy for other
malignancies and who previously had had other active malig-
nancies were excluded. All the patients had to meet the fol-
lowing laboratory criteria within 14 days before
registration: leukocytes =3,000/mm> platelet count
=100,000/mm?; hemoglobin level =10 g/dL; aspartate ami-
notransferase (AST)/alanine aminotransferase (ALT) =2 x
the upper normal limit at the institution; total bilirubin
=1.5 mg/dL; serum creatinine =<1.2 mg/dL; creatinine clear-
ance =50 mL/min; PaO, =70 mm Hg; and no major electro-
cardiogram abnormalities. Written informed consent was
obtained from all the patients. The study protocol was ap-
proved by the JCOG Clinical Trial Review Committee and
institutional review boards of the participating institutions.

Chemotherapy

Chemotherapy comprised two courses of protracted infu-
sion of 5-FU (400 mg/mZ/day) on Days 1-5 and 8-12, and
2-h infusion of CDDP (40 mg/m?) with adequate hydration
and antiemetic coverage on Days 1 and 8; this regimen was
repeated every 5 weeks. Responders additionally received
two courses of 5-FU (800 mg/m?/day) on Days 1-5 and
CDDP (80 mg/m?) on Day 1 (Fig. 1), repeated every 4 weeks.
No further treatment was administered to patients with CR
until disease progression. Additional chemotherapy courses
were optional for patients with visible disease.

Administration of both chemotherapy agents was discon-
tinued until toxicity improved to =Grade 2. The doses
were reduced by 25% in the subsequent course after at least

Volume M, Number l, 2010

WEEK
Chemoradiotherapy 1 2 3 4 5 6 7 8 9 10
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(2Gy/fr, total 60Gy) - - - - - -
Chemotherapy

(for responders) 11 12 13 14 15 16 17 18 WEEK
CDDP (80mg/m?/d) ¥ ¥

5FU (800mg/m?/d) ] i

Fig. 1. Protocol scheme.

one of the following toxicities was observed: leukocytes
<1,000/mm?>; platelet count <3O,000/mm3 ; total bilirubin
>2.0 mg/dL; serum creatinine =2.0 mg/dL; Grade 3/4 stoma-
titis; or Grade 3/4 esophagitis. Total parenteral nutrition was
provided as necessary. Treatment was terminated when dis-
ease progression was observed, patients refused to continue,
or recovery from toxicity delayed the initiation of the second
course by >3 weeks from the planned schedule.

Radiotherapy

Radiotherapy was delivered using megavoltage (=6 MV)
x-rays; a total dose of 60 Gy was administered in 30 fractions.
A 2-week break was provided after 30-Gy irradiation, and ra-
diotherapy was resumed on Day 36 with the second chemo-
therapy course. The clinical target volume (CTV) for 60-Gy
irradiation included the primary tumor plus a 5-cm craniocau-
dal margin, and the metastatic lymph nodes plus a 1-cm mar-
gin. Planning target volume was defined as CTV plus 5- to
20-mm margins for uncertainty. Elective nodal irradiation
(40 Gy) of mediastinal and perigastric lymph nodes for all
cases, cervical lymph nodes for an upper thoracic primary tu-
mor, and celiac lymph nodes for a lower thoracic primary tu-
mor was also performed. Three-dimensional computed
tomography (CT) or X-ray simulation was performed, allow-
ing two-dimensional anterior-posterior opposed fields and
bilateral oblique boost. Heterogeneity-uncorrected doses
were used.

Assessments

Esophagoscopy and CT were carried out after each course
to assess the response. Primary tumor response was evaluated
by endoscopy using the modified criteria of the Japanese So-
ciety for Esophageal Diseases (9). Complete response of
lymph node metastasis was defined as the disappearance of
all visible lymph node metastases on the CT or size reduction
to =1 cm for =3 months after the completion of treatment.
Overall CR was declared by an attending physician when
CR at both a primary tumor and a lymph node was obtained
without the appearance of a new lesion. Complete response
was confirmed by reassessment at =4 weeks after the first as-
sessment. Complete response cases were centrally reviewed,
and CR was confirmed by extramural review of the CT scan
and images of endoscopy.
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Acute toxicities were assessed weekly during CRT and ev-
ery 2 weeks during additional chemotherapy for 90 days after
the completion of CRT. Toxicities were evaluated based on
the National Cancer Institute Common Toxicity Criteria (ver-
sion 2.0). Late toxicity, which first occurred 90 days after
CRT initiation, was assessed using the RTOG/European
Organization for Research and Treatment of Cancer late radi-
ation morbidity scoring scheme.

Statistical methods

The primary endpoint was overall survival (OS), which
was defined as the time from the date of registration to that
of death resulting from any cause, and it was censored at
the date of the last follow-up for survivors. Progression-
free survival (PFS) was defined as the time from the date of
registration to that of disease progression or death resulting
from any cause, and it was censored at the date of the last visit
for patients without progression. Based on the JCOG 9204
trial results (2), in which the 3-year survival rate was 61%
for esophagectomy with adjuvant chemotherapy, we initially
calculated the sample size expecting a 3-year survival rate of
60%, with a threshold of 45%. With the alpha and beta error
levels set at 0.05 and 0.2, respectively, the required number
of eligible patients was 68. We finally decided on a sample
size of 76, including ineligible patients. The planned accrual
and follow-up periods after registration was closed were 1
and 2 years, respectively. For early termination of this study,
an interim analysis was planned once 50% of the patients
were accrued. A CR point estimate of <60% at the interim
analysis would result in early termination of the study.

The JCOG 9204 had enrolled patients based on the patho-
logic stage after surgery, whereas we enrolled patients based
on the clinical stage diagnosed from CT scans. Therefore, this
study might include patients with more advanced stages than
those in the JCOG 9204. Thus, the protocol was amended to
recalculate the sample size from the expected 50% 3-year sur-
vival rate and a threshold of 35% in December 2000. The re-
quired sample size was 67. The target sample size remained
unchanged. The second amendment in February 2007 pro-
longed the follow-up period to 5 years after the last enroll-
ment to evaluate late toxicity. These amendments were
approved by the Data and Safety Monitoring Committee of
JCOG.

Secondary endpoints included CR rate, PFS, and acute and
late adverse events. Time-to-event distribution was estimated
using the Kaplan-Meier method, and confidence intervals
(CIs) were calculated using Greenwood’s formula. All anal-
yses were performed using SAS Version 9.1.3 software (SAS
Institute, Cary, NC, USA) at the JCOG Data Center, with the
final analysis conducted in March 2007.

RESULTS

Patient characteristics

Seventy-six patients, whose characteristics are summa-
rized in Table 1, were accrued between April 2000 and March
2002. The median age was 61 years (range, 39-70). Fifty-

Table 1. Patient characteristics

Patients

Characteristic (n=176) (%)
Male 68 89.4
Female 8 10.6
Age (y)

Range 39-70

Median 61
Performance status

0 59 717.6

1 17 22.4
Tumor location

Upper 3 3.9

Middle 44 57.9

Lower 29 38.2
T factor

Tl 8 10.5

T2 16 21.1

T3 52 68.4
N factor

NO 26 34.2

N1 50 65.8
Stage

oA 26 34.2

B 12 15.8

1 38 50.0

nine (78%) and 17 (22%) patients showed ECOG PS of
0 and 1, respectively. Fifty-two patients had T3 disease,
and 50 had N1 disease. The clinical stages (UICC-TNM)
were IIA for 26 patients, IIB for 12 patients, and III for 38.

Response

Two patients were excluded from the efficacy analysis be-
cause of inadequate liver function and T4 disease diagnosed
after registration (Fig. 2). Of the 74 eligible patients, 46
achieved CR, resulting in a CR rate of 62.2% (95% CI,
50.1-73.2). The confirmed CR rate in 23 patients with T1-
2 disease was 78.3% (95% ClI, 56.3-92.5), and that in 51 pa-
tients with T3 disease was 54.9% (95% CI, 40.3-68.9).

Survival

There were 49 deaths in the final analysis, and all except 5
patients were followed up for >5 years. The median survival
time was 2.4 years (Fig. 3); the 3- and 5-year survival rates
were 44.7% (90% CI, 35.2-53.8) and 36.8% (95% CI,
26.1-47.5), respectively. The lower limit of 90% CI for the
3-year survival rate exceeded the threshold of 35%, and the

CONSORT
Registered patient n=76 |

|
Safety analysis n=76
Survival analysis n=76

e

Response analysis n=74

Ineligible patients n=2
T4 disease 1
Inadequate liver function 1

Fig. 2. Consolidated Standards of Reporting Trials diagram.
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Fig. 3. Overall survival of the 76 patients enrolled in the study.

null hypothesis was rejected (p = 0.019). The median PFS
was 1 year; the 3- and 5-year PFS rates were 32.9% and
25.6%, respectively (Fig. 4).

Acute toxicity

Data of adverse events for all 76 patients occurring within
90 days after CRT completion are shown in Table 2. Grade 4
leukopenia, neutropenia, anemia, and thrombocytopenia
were observed in 1.3%, 1.3%, 2.6%, and 0% of the patients,
respectively, whereas Grade 3/4 esophagitis, nausea, infec-
tion without neutropenia, and hyponatremia were observed
in 17%, 17%, 12%, and 16% of the patients, respectively.

Fifty-three (69.7%) patients completed the 2-course CRT
and 2-course additional chemotherapy. Seventy-two (95%)
patients received the full dose (60 Gy) of radiation. The treat-
ment protocol was terminated in 23 patients because of dis-
ease progression (n = 10), toxicity (n = 11), patient refusal
(n = 1), and other reasons (n = 1). One early death occurred
from esophageal perforation caused by disease progression
21 days after CRT completion. A relationship between early
death and the treatment protocol was considered unlikely by
the Data and Safety Monitoring Committee.

Late toxicity

Late toxicity data are shown in Table 3. Grade 3—4 late tox-
icities included pleural (9%) and pericardial (16%) effusion,
stenosis, or esophageal fistula (13%), and radiation pneumo-
nitis (4%). Four (5.3%) patients possibly died of treatment-

e o g
o o o
v

o
»
e

Progression-free survival rate
o
~N

0 {1 s i e 1 A

0 1 2 3 4 S 6
patient atrisk 76 39 28 25 21 15 5 0

Fig. 4. Progression-free survival rate of the 76 patients enrolled in
the study.
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related late toxicity at 3.1, 8.5, 21.3, and 27.8 months after
registration. The cause of death were pneumonitis (n = 2),
pericarditis (n = 1), and pleural effusion (n = 1). There was
no evidence of residual or recurrent disease in these patients.
The proportion of any Grade 3/4 late toxicity was 30.1% after
5 years from the initiation of chemoradiation.

Salvage treatment

Twenty-six (34.2%) patients had residual disease or lo-
coregional recurrence without distant metastasis after CRT.
Because of inadequate conditions or patient refusal, 7 and 5
patients received chemotherapy and the best supportive
care, respectively; the remaining 14 patients received un-
planned curative-intent salvage therapy. Eleven patients un-
derwent salvage esophagectomy for residual (» = 4) and
recurrent (n = 7) disease, and the remaining 3 patients under-
went endoscopic treatment such as endoscopic mucosal re-
section (EMR) or argon plasma coagulation. The
characteristics of the patients who underwent salvage surgery
are described in Table 4.

The median time to salvage surgery after CRT initiation
was 13.9 months (range, 4.0-22.7). Six patients underwent
esophagectomy with two- or three-field lymph node dissec-
tion, 3 patients underwent simple esophagectomy, and 1 un-
derwent only lymphadenectomy; 1 patient could not undergo
any resection because of extensive lymph nodes metastasis
detected at thoracotomy. Reconstruction was performed us-
ing a gastric tube in 7 patients who had RO resection. There
was no operative mortality or hospital death. The median sur-
vival time and 3-year survival rate for these 10 patients who
received salvage esophagectomy was 16.7 months and 40%
(95%C.I: 12.3%-67.0%), respectively.

Of the 3 patients who underwent endoscopic treatment, 1
had mediastinal lymph node metastasis 3 months after argon
plasma coagulation, 1 died of surgery-related complication of
the pharynx detected 1 year after EMR, and 1 survived for >5
years with no evidence of disease.

DISCUSSION

From the results, CRT for Stage II-III ESCC showed a CR
rate of 62.2% (95% CI, 50.1-73.2), a 3-year survival rate of
44.7% (90% CI, 35.2-53.8), and a 5-year survival rate
of 36.8% (95% CI, 26.1-47.5). The 3-year survival rate,
which is the primary endpoint of this study, met the decision
criteria.

Clinically, it is very important to know whether definitive
CRT can achieve survival comparable with surgery plus post-
operative adjuvant chemotherapy. In this regard, there were
several differences in the background between the present
study and JCOG 9204 (2) described in Statistical Methods.
The study conducted after JCOG 9204, which compared pre-
operative and postoperative adjuvant chemotherapy compris-
ing the administration of 5-FU and CDDP to Stage II-III
esophageal cancer patients (JCOG 9907) (10), could be a ref-
erence for this study, because the patients were registered be-
fore surgery based on the clinical stage. In the recently
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Table 2. Toxicity (n =76)

NCI-CTC Version 2.0

Toxicity Grade 1 Grade 2 Grade 3 Grade 4 =Grade 3 (%)
Leukocytes 5 34 32 1 43
Neutrophils 17 31 19 1 26
Hemoglobin 13 35 15 2 22
Platelets 15 13 4 0 5
Dysphagia, esophagitis 29 14 13 0 17
Nausea 25 20 13 - 17
Vomiting 16 6 0 0 0
Diarrhea 10 5 1 0 1.3
Stomatitis/pharyngitis 15 9 6 0 8
Radiation dermatitis 18 4 0 0 0
Febrile neutropenia - i 1 0 1.3
Infection without neutropenia 7 8 8 1 12
Hyponatremia 40 - 11 1 16
AST 35 4 3 0 39
ALT 43 7 2 1 39
Creatinine 15 13 1 0 1.3

Abbreviations: NCI-CTC Version 2.0 = National Cancer Institute Common Toxicity Criteria Version 2.0; AST = aspartate aminotransferase;

ALT = alanine aminotransferase.

published results of JCOG 9907, the preoperative chemother-
apy arm was highly superior to the postoperative chemother-
apy arm in terms of OS. The 5-year survival rate of the
postoperative chemotherapy arm in JCOG 9907 did not differ
significantly from that in the present study, that is, 38.4% and
36.8%, respectively (10). By contrast, the 5-year survival rate
of the preoperative chemotherapy arm in JCOG 9907 was
60.1%, although further follow-up is needed to verify the
data. CRT may produce comparable outcomes with surgery
plus postoperative adjuvant chemotherapy; however, surgery
after preoperative chemotherapy is considered to be superior
to CRT. Nevertheless, CRT is one of the treatment options
for patients with Stage II and Il ESCC because of its appar-
ent advantage of preserving the esophagus, which may pro-
vide better quality of life.

Chemoradiotherapy achieves prolonged survival with pos-
sibly more late toxicity. Late toxicity after thoracic radiother-
apy has been reported in patients with esophageal cancer,
lung cancer, and Hodgkin’s lymphoma (11-13). Some

reports have described that long-term toxicity after CRT re-
sults in serious, life-threatening complications. In a previous
study, 2 of 78 patients with CR after CRT died of myocardial
infarction, and 8 (10.2%) died of pericardial or pleural effu-
sion (14) Late toxicity after CRT against ESCC has not yet
been investigated in detail, and early reports of trial outcomes
generally seem to underestimate the risk of late toxicity in
long-term survivors (15). In the present study, the incidence
of =Grade 3 late toxicity was similar to that reported in a pre-
vious study (14). Most of these events occurred several years
after CRT. It is considered that reduction in radiation dose,
careful observation, and control of late toxicity may improve
post-CRT survival. RTOG 94-05 demonstrated that a higher
irradiation dose (64.8 Gy) in CRT was not advantageous with
regard to survival and local control, compared with the stan-
dard dose (50.4 Gy) (16). One of the reasons was the low tol-
erability of the high-dose arm because of toxicity. Whereas
decreasing the irradiation dose in radiotherapy is essential
for reducing late toxicity, the radiation volume is also

Table 3. Late toxicity (n = 76)

RTOG/EORTC late
radiation morbidity scoring scheme
Late toxicity Grade 1 Grade 2 Grade 3 Grade 4 =Grade 3 (%) =Grade 4 (%)

Pleural effusion 24 5 7 0 9 0

(nonmalignant)
Esophagus-related 11 4 4 6 13 8

(dysphagia, stenosis, fistula)
Pericardial effusion 6 5 9 3 16
Radiation pneumonitis 33 6 2 1 4 13
Skin-related 3 0 0 0 0 0
Spinal cord—related 3 0 0 0 0 0

Abbreviation: RTOG/EORTC: radiation therapy oncology group/european organization for research and treatment of cancer.
four (5.3%) patients possibly died of treatment-related late toxicity: pericarditis (n = 1), pleural effusion (n = 1), and pneumonitis (n = 2).
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Table 4. Characteristics and outcomes in patients who
underwent salvage surgery

Patients Patients
Characteristic (n=11) Characteristic (n=11)
Male 11 Residual/Recurrent 41
Female
Age (y) Surgical curability
Range 46-70 RO 7
Median 59 R1 +R2 4
Tumor
location
Upper 0 Operative mortality 0
or hospital death
Middle 6
Lower 5 Relapse after surgery 8
Clinical stage* No relapse 3
A 5
B 0
il 6

* Clinical stage at the time of registration.

important. In this study, late toxicity might have been caused
by the extended volume of irradiation, which corresponds to
the dissected area in extended surgery. In the near future,
three-dimensional conformal radiotherapy, which was not
mandatory in this study, or other methods based on advanced
technology such as intensity-modulated radiotherapy and
proton therapy, may have potential advantages over conven-
tional two-dimensional radiotherapy in terms of reduced
doses for the heart. A clinical trial with these latest radiother-
apy techniques is required (17).

Salvage treatment—e.g., salvage surgery (18-20) or
salvage EMR (21)—has recently been reported to have ther-
apeutic potential for patients with local failure of CRT. In our
study, one-third of the patients did not achieve CR, and 50%
of the remaining patients had recurrence after achieving CR.
For the latter, salvage treatment should be indicated, if appli-
cable. Mucosal disease can be removed by EMR, and locore-
gional residual or recurrent disease can be curatively resected
by surgery. It has been reported that 6-34% of patients un-
dergo salvage esophagectomy after definitive CRT (22,
23). Although a high rate of hospital deaths (6-33%) is
observed compared with that after surgery without
preoperative therapy, some patients achieve long-term sur-
vival with a 5-year survival rate of 25-35% (24-26). In the
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present study, 11 (14.5%) patients underwent salvage
esophagectomy and 7 had RO resection. There was no
operative mortality or hospital death. The limitations of
salvage surgery include patient tolerance, capability of
medical staff, and early detection of residual or recurrent
disease; however, salvage esophagectomy can achieve
long-term survival. Some patients benefit from salvage sur-
gery after definitive CRT; therefore, this procedure is worth
further investigation.

Neoadjuvant CRT has recently been recognized as a stan-
dard therapy for resectable esophageal cancer in Western
countries. According to CALGB 9781, CRT followed by sur-
gery prolonged survival (median survival time, 4.48 vs. 1.79
years) compared with surgery alone in the treatment of
esophageal cancer (27). However, most participants in
CALGB 9781 had esophageal adenocarcinoma. Meta-
analysis has revealed the survival benefit of neoadjuvant
CRT in patients with esophageal adenocarcinoma (28). Ac-
cording to FFCD 9102, which included 90% patients with
squamous cell carcinoma, surgery after neoadjuvant CRT
(40 Gy) and continuation of CRT to 60 Gy without surgery
had the same impact on survival and quality of life for re-
sponders as induction CRT (29). The results of a randomized
trial from Germany, in which 172 ESCC patients randomly
received CRT with or without additional surgery, indicated
equal efficacy of surgery and CRT. The median survival
times were 16.4 months and 14.9 months, respectively, and
the 2-year survival rates were 39.9% and 35.4% with and
without surgery, respectively (30). This suggests that CRT,
which can preserve organ function, is equally effective as sur-
gery for responders. For nonresponders, salvage surgery can
be a therapeutic option. Importantly, which types of patients
are benefited by salvage surgery or how the surgical proce-
dure is performed after CRT should be prospectively evalu-
ated. We are planning a Phase II trial of CRT for resectable
ESCC, followed by salvage surgery for residual or recurrent
disease.

CONCLUSION

Chemoradiotherapy is effective for Stage II-III ESCC with
manageable acute toxicities and can provide a noninvasive
treatment option. However, further improvement is required
for reduction in late toxicity.

REFERENCES

1. The Editorial Board of the Cancer Statistics in Japan. Cancer
Statistics in Japan 2007 Foundation for Promotion of Cancer
Research.

2. Ando N, lizuka T, Ide H, et al. Surgery plus chemotherapy com-
pared with surgery alone for localized squamous cell carcinoma
of the thoracic esophagus: A Japan Clinical Oncology Group
Study—JCOG9204. J Clin Oncol 2003;21:4592-4596.

3. Kato H, Tachimori Y, Watanabe H, ez al. Recurrent esophageal
carcinoma after esophagectomy with three-field lymph node
dissection. J Surg Oncol 1996;61:267-272.

4. Ando N, Ozawa S, Kitagawa Y, er al. Improvement in the re-
sults of surgical treatment of advanced squamous esophageal
carcinoma during 15 consecutive years. Ann Surg 2000;232:
225-232,

5. Herskovic A, Martz K, al-Sarraf M, er al. Combined chemother-
apy and radiotherapy compared with radiotherapy alone in pa-
tients with cancer of the esophagus. N Engl J Med 1992;326:
1593-1598.

6. Cooper JS, Guo MD, Herskovic A, ef al. Chemoradiotherapy of
locally advanced esophageal cancer: Long-term follow-up of

=173~



10.

1.

12.

13.

14.

15.

17.

18.

19.

Chemoradiation for esophageal squamous cell carcinoma @ K. KaTo er al.

a prospective randomized trial (RTOG 85-01). Radiation Ther-
apy Oncology Group. JAMA 1999;281:1623-1627.

. Ohtsu A, Boku N, Muro K, et al. Definitive chemoradiotherapy

for T4 and/or M1 lymph node squamous cell carcinoma of the
esophagus. J Clin Oncol 1999;17:2915-2921.

. Hironaka S, Ohtsu A, Boku N, et al. Nonrandomized compari-

son between definitive chemoradiotherapy and radical surgery
in patients with T2-3NanyMO squamous cell carcinoma of the
esophagus. Int J Radiat Oncol Biol Phys 2003;57:425-433.

. Japanese Society for Esophageal Diseases. Guidelines for the

clinical and pathologic studies on carcinoma of the esophagus.
8th ed. Tokyo: Kanehara Shuppan; 1992.

Igaki H, Ando N, Kato H, et al. A randomized trial of postop-
erative adjuvant chemotherapy with cisplatin and 5-fluorouracil
versus neoadjuvant chemotherapy for clinical stage II/IIl squa-
mous cell carcinoma of the thoracic esophagus (JCOG 9907)
[Abstract]. J Clin Oncol 2008;26(Suppl 15):4510.

Carver JR, Shapiro CL, Ng A, et al. American Society of Clin-
ical Oncology clinical evidence review on the ongoing care of
adult cancer survivors: Cardiac and pulmonary late effects.
J Clin Oncol 2007;25:3991-4008.

Friedman DL, Constine LS. Late effects of treatment for Hodg-
kin lymphoma. J Natl Compr Canc Netw 2006;4:249-257.
Lépez RM, Cerezo PL. Toxicity associated to radiotherapy
treatment in lung cancer patients. Clin Transl Oncol 2007;9:
506-512.

Ishikura S, Nihei K, Ohtsu A, er al. Long-term toxicity after de-
finitive chemoradiotherapy for squamous cell carcinoma of the
thoracic esophagus. J Clin Oncol 2003;21:2697-2702.
Bentzen SM, Trotti A. Evaluation of early and late toxicities in
chemoradiation trials. J Clin Oncol 2007;25:4096-4103.

. Minsky BD, Pajak TF, Ginsberg RJ, er al. INT 0123 (Radiation

Therapy Oncology Group 94-05) Phase III trial of combined-
modality therapy for esophageal cancer: High-dose versus
standard-dose radiation therapy. J Clin Oncol 2002;20:1167-1174.
Zhang X, Zhao KL, Guerrero TM, et al. Four-dimensional com-
puted tomography-based treatment planning for intensity-
modulated radiation therapy and proton therapy for distal esoph-
ageal cancer. Int J Radiat Oncol Biol Phys 2008;72:278-287.
Nakamura T, Hayashi K, Ota M, ez al. Salvage esophagectomy
after definitive chemotherapy and radiotherapy for advanced
esophageal cancer. Am J Surg 2004;188:261-266.

Hennequin C, Gayet B, Sauvanet A, et al. Impact on survival of
surgery after concomitant chemoradiotherapy for locally ad-

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

-174-

vanced cancers of the esophagus. Int J Radiat Oncol Biol
Phys 2001;49:657—664.

Tomimaru Y, Yano M, Takachi K, er al. Factors affecting the
prognosis of patients with esophageal cancer undergoing sal-
vage surgery after definitive chemoradiotherapy. J Surg Oncol
2006;93:422-428.

Hattori S, Muto M, Ohtsu A, et al. EMR as salvage treatment for
patients with locoregional failure of definitive chemoradiother-
apy for esophageal cancer. Gastrointest Endosc 2003;58:65—
70.

Wilson KS, Lim JT. Primary chemo-radiotherapy and selective
oesophagectomy for oesophageal cancer: Goal of cure with or-
gan preservation. Radiother Oncol 2000;54:129-134.
Murakami M, Kuroda Y, Okamoto Y, et al. Neoadjuvant
concurrent chemoradiotherapy followed by definitive high-
dose radiotherapy or surgery for operable thoracic esophageal
carcinoma. Int J Radiat Oncol Biol Phys 1998;40:1049-
1059.

Swisher SG, Wynn P, Putnam JB, et al. Salvage esophagectomy
for recurrent tumors after definitive chemotherapy and radio-
therapy. J Thorac Cardiovasc Surg 2002;123:175-183.
Meunier B, Raoul J, Le Prise E, er al. Salvage esophagectomy
after unsuccessful curative chemoradiotherapy for squamous
cell cancer of the esophagus. Dig Surg 1998;15:224-226.
Tachimori Y, Kanamori N, Uemura N, er al. Salvage esopha-
gectomy after high-dose chemoradiotherapy for esophageal
squamous cell carcinoma. J Thorac Cardiovasc Surg 2009,
137:49-54.

Tepper J, Krasna MJ, Niedzwiecki D, et al. Phase III trial of tri-
modality therapy with cisplatin, fluorouracil, radiotherapy, and
surgery compared with surgery alone for esophageal cancer:
CALGB 9781. J Clin Oncol 2008;26:1086-1092.

Gebski V, Burmeister B, Smithers BM, et al. Survival benefits
from neoadjuvant chemoradiotherapy or chemotherapy in oeso-
phageal carcinoma: A meta-analysis. Lancet Oncol 2007;8:
226-234.

Bedenne L, Michel P, Bouché O, et al. Chemoradiation fol-
lowed by surgery compared with chemoradiation alone in squa-
mous cancer of the esophagus: FFCD 9102. J Clin Oncol 2007,
25:1160-1168.

Stahl M, Stuschke M, Lehmann N, et al. Chemoradiation with
and without surgery in patients with locally advanced squamous
cell carcinoma of the esophagus. J Clin Oncol 2005;23:2310-
2317.



Cancer Chemother Pharmacol
DOI 10.1007/s00280-010-1422-x

A phase II study of paclitaxel by weekly 1-h infusion for advanced
or recurrent esophageal cancer in patients who had previously
received platinum-based chemotherapy

Ken Kato - Makoto Tahara - Shuichi Hironaka -
Kei Muro - Hiroya Takiuchi - Yasuo Hamamoto -
Haruhiko Imamoto - Norihito Amano - Taku Seriu

Received: 31 March 2010/ Accepted: 29 July 2010
© Springer-Verlag 2010

Abstract

Purpose To evaluate the efficacy and safety of weekly
paclitaxel (Taxol®) in patients with advanced or recurrent
esophageal cancer.

Methods Fifty-three patients with recurrent or advanced
esophageal cancer who had previously received platinum-
based chemotherapy were treated with paclitaxel
100 mg/m2 once weekly by 1-h infusion on days 1, 8, 15,
22, 29, and 36 of a 49-day cycle. Fifty-two patients were
evaluable for efficacy and 53 for safety. Forty-one (77%)
patients had recurrent, and 12 (23%) had advanced disease.
Most patients (52/53) had squamous cell carcinoma, and
one had adenocarcinoma.

Results A median of 2 cycles was delivered (range 1-8).
The overall response rate was 44.2% (23/52; 95% confidence
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interval (CI) 30.5, 58.7%), with 4 patients (7.7%) achieving
complete response. The median duration of response was
4.8 months, and median overall survival was 10.4 months.
The most common Grade 3 or 4 adverse events were neu-
tropenia (52.8%), leukopenia (45.3%), anorexia (9.4%), and
fatigue (9.4%). Adverse events resulted in treatment dis-
continuation in 34.0% of patients and dose reductions in
43.4%. There were no treatment-related deaths.
Conclusions Weekly paclitaxel demonstrated efficacy
and manageable toxicity in patients with advanced or
recurrent esophageal cancer and may be a treatment option
for this population.
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