Available online at www.sciencedirect.com
", ScienceDirect

Cancer Letters 261 (2008) 165-171

CER

www.clsevier.com/locate/canlet

Importance of UDP-glucuronosyltransferase 14176 for
irinotecan toxicities in Japanese cancer patients

Kimie Sai **, Yoshiro Saito ©

Hiromi Sakamoto ©, Kuniaki Shirao ¢

Koichi Kurose , Mayumi Saek1 , Shogo Ozawa &, Nahoko Kamwa

Setsuo Hirohashi "

* Division of Biosignaling, National I

, Nagahiro Sauo Jun-ichi Sawada

, Teruhiko Yoshlda ¢

of Health Sciences, 1-18-1 Kamiyoga, Seiagaya-ku, Tokyo 158-8501, Japan

b Division of Bioch iand I X

iy of Health Sciences, 1-18-1 Kamiyoga,

6
Setagaya-ku, Takya 158-8501, Japan
© Genetics Division, National Cancer Center Research Institute, 5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan
4 Division of Internal Medicine, National Cancer Center Hospital, 5-1-5 Tsukiji, Chuo-ku, Tokyo 104-0045. Japan
* Division of Medical Safﬂy Sc.‘mcc Narianaf Institute of Health Sciences, 1-18-1 Kamiyoga, Seiagaya-ku, Tokyo 1558-8501, Japan

‘ I Toetd,

" Project Team for Phar

of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

¥ Division of Phurmnca.fngy Nu:mm! Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-850], Japan
% Pathology Division, National Cancer Center Research Institute, 5-1-5 Tsukiji. Chuo-ku, Tokyo 104-0045, Japan
! Deputy Director, National Cancer Center Hospital East, 6-3-1 Kashiwanoha, Kashiwa, Chiba 277-8577, Japan

Received 31 July 2007; received in revised form 31 October 2007; accepted 9 November 2007

Abstract

Recent pharmacogenetic studies on irinotecan have revealed the impact of UDP glucuronosyltransferase (UGT) 1A1°28
on severe irinotecan toxicities. Although the clinical role of UGT/IAI"6, which is specifically detected in East Asian
patients, in irinotecan toxicities is suggested, clear evidence remains limited. To examine the impact of "6, the association
of UGTIAI genotypes with severe irinotecan toxicities was retrospectively investigated in Japanese cancer patients. A sig-
nificant "6-dependent increase in the incidence of grade 3 or 4 neutropenia was observed in 49 patients on irinotecan mono-
therapy (p = 0.012). This study further clarifies the clinical importance of "6 in irinotecan therapy in East Asians.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Irinotecan, an anticancer prodrug, is widely
applied for a broad range of carcinomas, including

° Corresponding author. Tel.: +81 3 3700 9478; fax: +81 3 3707
6950,
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colorectal and lung cancers. The active metabolite,
SN-38(7-ethyl-10-hydroxycamptothecin), a topoiso-
merase [ inhibitor, is generated by hydrolysis of the
parent compound by carboxylesterases [1]. SN-38 is
subsequently glucuronidated by uridine diphosphate
glucuronosyltransferase 1As (UGT1As)suchas 1A1,
1A7, 1A9 and 1A10, to form the inactive metabolite,
SN-38 glucuronide (SN-38G) [2-5]. Among the UGT
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isoforms, UGTI1A1 is thought to be a predominant
contributor to SN-38G formation [2,6]. The dose-
limiting toxicities in irinotecan therapy are severe
diarrhea and leucopenia [7], and lowered UGT activ-
ity is well correlated with severe irinotecan toxicities
[8]. Since Ando et al. first reported the significant rel-
evance of UGT1A1°28 - a repeat polymorphism in
the TATA box (—40_-39insTA) - to severe neutro-
penia/diarrhea [9], a number of clinical studies, pri-
marily conducted in Caucasian patients, have
shown associations between UGTIAI°28 and low-
ered SN-38G formation or severe neutropenia/diar-
rhea [10-13]. Based on these findings, the Food and
Drug Administration (FDA) of the United States
approved a revision of the label for Camptosar (iri-
notecan HCI) (NDA 20-571/S8-024/S-027/S-028),
recommending *“a reduction in the starting dose by
at least one level of irinotecan for the UGT/A1"28
homozygous patients”. Subsequently, the clinical
application of UGT1AI1"28 testing was put into prac-
tice for irinotecan therapy in the United States,

To implement personalized irinotecan therapy in
Asian countries, the racial differences in UGT1A4/
polymorphisms among Caucasians, African-Ameri-
cans, and Asians must be taken into consideration
[14). For East Asians, the frequency of "28 is one third
of that of Caucasians or African-Americans, and
another low-activity allele “6 [211G>A(GT71R)],
which is not detected in Caucasians or African-Amer-
icans, shows the same frequency as the "28 allele.
Clinical studies in Japanese cancer patients have dem-
onstrated that significantly low area under concentra-
tion-time curve (AUC) ratios of SN-38G to SN-38 are
observed in patients having *6 and/or “28 [15-17],
suggesting the necessity of typing "6 in addition to
"28. A recent report on Korean lung cancer patients
who received a combination therapy of irinotecan
and cisplatin, showed a significant association of "6
homozygotes with severe neutropenia [18]. However,
data on the role of °6 in irinotecan toxicities is still
limited in terms of the various irinotecan-containing
regimens. In the first study by Ando et al. on Japanese
cancer patients, the association of "6 with irinotecan
toxicities was not evident, but a possible enhance-
ment of “28-related toxicities by ‘6 was suggested
[9]. Other studies in Japanese patients showed an
additive effect of *6 on the lowered UGT activity by
*28 [15-17]. A significant association of the genetic
marker “*6 or "28” with severe neutropenia was also
shown in our previous study, but due to a lack of "6
homozygotes in our patient population, the effect of
6 alone was not confirmed [17].

In this study, to further demonstrate the clinical
importance of "6 alone, UGTIAIl genotypes were
determined using DNA extracted from paraffin-
embedded specimens (non-cancerous tissues) from
75 Japanese cancer patients by the pyrosequencing
method [19,20], and the associations between
UGTIAI genotype and severe irinotecan toxicities
and serum total bilirubin levels were retrospectively

analyzed.

2. Materials and methods
2.1. Patients and irinotecan treatment

In a post-marketing surveillance study conducted by
Daiichi Pharmaceutical Co., Ltd. (currently Daiichi San-
kyo Co., Ltd., Tokyo, Japan), irinotecan was prescribed
1o 297 patients with various types of cancers from 1995
to 2000 at the National Cancer Center Hospital. The
patients were selected through standard clinical practice
according to the drug label for indications and contra-
indications. Methanol-fixed, paraffin-embedded archival
tissue specimens, which were necessary for high-quality
extraction of DNA greater than 2 kb in size [21], were
available for 75 of the 297 patients and were analyzed in
this study. Irinotecan was administered by intravenous
30-min infusion as a single agent or in combination che-
motherapy at a dose of 60 mg/m® (weekly or biweekly),
100 mg/m? (biweekly), or 150 mg/m? (biweekly). Profiles
of the patients in this study, including cancer type, treat-
ment history, and regimens, are summarized in Table |.
The pre-treatment levels of serum total bilirubin were
determined by a kit (VL T-BIL, Azwell Inc., Osaka,
Japan) according to an enzymatic method using bilirubin
oxidase [22]. Toxicities were monitored during irinotecan
therapy and graded according to the Common Toxicity
Criteria version 2 of the National Cancer Institute,

Because the samples in this study were residual speci-
mens remaining after histopathological diagnosis in the
hospital and not collected specifically for research pur-
poses, the samples and their clinical information were
anonymized in an unlinkable fashion according 1o the
Ethics Guidelines for Human Genome/Gene Analysis
Research by the Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Health, Labour
and Welflare, and Ministry of Economy, Trade and Indus-
try of Japan. This study was approved by the ethics com-
mittees of the National Cancer Center and the National
Institute of Health Sciences.

2.2. DNA exiraction from paraffin-embedded tissue sections
and genotyping of UGTIAI polymorphisms

Three sections (20 um of pathologically normal tis-
sues around tumors) were deparaffinized twice by treat-
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Table 1
Profiles of cancer patients in this study
No. of
paticnts
Patients genotyped 75
(Male/female) (51724)
Age
Mean/range (y) 50.7/34-75
Performance Status®
0/1/2 18/48/8
Previous treatment
Surgery” +/- /3
Chemotherapy” +/- 63/10
Radiotherapy” +/= 9/64
Combination therapy and tumor type [dose of irinotecan
(mg/m*)/(w or 2w)]
Irinotecan monotherapy ~ Lung (60/w or 100/2w) 4

Stomach (100/2w or 150/2w) §
Colon (1002w or 150/2w) 40

With cisplatin Lung (60/w or 100/2w) 4
Stomach (60/2w) 1

With mitomycin C (MMC) Stomach (150/2w) 8

Breast (120/2w) |

With 5-fluorouracil (5-FU) Colon (150/2w) 2
Available data on n

serum bilirubin levels

* Data from one patient is lacking.
" Data from two patients are lacking.
© Weekly or biweekly.

ment with 1.5ml of xylene at room temperature. After
centrifugations, the residual pellet was then washed
twice with 1.5 ml of ethanol. Finally, the pellet was dried
at 37°C for 15min. DNA extraction was performed
using a QIAamp tissue kit (QIAGEN K.K., Tokyo,
Japan) according to the manufacturer's instructions with
some modifications. Briefly, 540 ul of ATL lysis buffer
and 60 pl of proteinase K (Qiagen) were added to each
pellet, mixed thoroughly, and incubated at 56 °C for
3h with a rotator. Any remaining tissue debris was
removed by centrifugation, and the resulting supernatant
was used for the extraction. Twelve microliters of RNase
A (100 mg/ml) was added to the supernatant and incu-
bated for 2 min at room temperature. Next, 600 ul of
buffer AL was added and mixed thoroughly, and the
mixture was incubated at 70 °C for 10 min. Six-hundred
microliters of ethanol was added to the solution and
mixed well, followed by extraction of DNA using a Qia-
gen DNA extraction column. The DNA was eluted in a
final elution volume of 150 pul. The yield was determined
using a NanoDrop spectrophotometer (NanoDrop Tech-
nology, Inc, Rockland, DE, USA) and the size of the

extracted DNA was checked by
electrophoresis.

Genotyping of UGTIAI'6 (211G>A, GTIR), 2§
(—364C>T, which is perfectly linked with —40_-39insTA
in Japanese), and "60 (—3279T>G) were performed by
pyrosequencing as described previously [19,20].

agarose gel

2.3. Association analysis and statistics

For association analysis, we focused on incidences of
severe diarrhea and ncutropenia (grade 3 or greater)
observed during irinotecan-therapy. The incidence of
severe diarrhea was very low, and the incidence of neutro-
penia was higher in combination therapy. Therefore, the
association of neutropenia with UGTIAI genotypes was
primarily evaluated in 49 patients with irinotecan mono-
therapy. As a parameter for in vivo UGTIAI activity,
serum total bilirubin levels taken at baseline from 37
patients were also used.

Statistical analysis for evaluation of the relationship
between UGTI Al genotypes and severe neutropenia was
performed using the chi-square test for trend using Prism
version 4.0 (GraphPad Prism Software Inc., San Diego,
CA). The gene-dose effect of the genetic marker “*6 or
‘28" on serum total bilirubin levels was analyzed using
the Jonckheere-Terpstra (JT) test in the SAS system (ver-
sion 5.0, SAS Institute, Inc., Cary, NC). The P-value of
0.05 (two-tailed) was set as a significant level. Multivariate
logistic regression analysis on neutropenia (grade 3 or
greater) was performed using JMP software (version
6.0.0, SAS Institute, Inc., Cary, NC), including variables
for age, sex, body surface area, performance status, con-
comitant disease, history of adverse reaction, irinotecan
dosage, dosing interval, and UGTIAl genotypes. The
variables in the final model for neutropenia were chosen
using the forward and backward stepwise procedure at
the significance level of 0.1.

3. Results
3.1. UGTIA! diplotypesthaplotypes

The diplotypes and haplotypes (*, “60, "6 and"28) of
UGTIAl exon 1 were analyzed in 75 Japanese cancer
patients (Table 1) and their frequencies were summarized
(Table 2). The haplotypes were assigned according to our
previous definition [15]. It should be noted that the “60
haplotype does not harbor the “28 allele
(—40_-39insTA), but most of the *28 haplotype does har-
bor the 60 allele (—3279T>G). In this study, the “2§
homozygote was not present, and the frequency of haplo-
type “28 (0.113) was slightly lower than that found in our
previous study (0.138) [17] In contrast, the frequency of
haplotype “6 (0.213) was higher than that found in the
previous study (0.167) [17].
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Table 2
Frequencies of UGTI A/ diplotypes (A) and haplotypes (B) for cancer
patients in this study

Frequency

(A) Diplotype No. of patients (N = 75)

"irl 21 0.280
160 9 0.120
6060 2 0.027
61 14 0.187
“6/60 8 0.107
66 4 0.053
281 12 0.160
2860 3 0.040
286 2 0.027
28028 0 0.000
(B) Haplotype" No. of chromosomes (N = 150)

=1 7 0.513
60 24 0.160
6 12 0.213
28 17 0.113

* Haplotype definition follows the previous report [15] *60,
-3279T>G without —40_—39insTA; "6, 211G>A(GT7IR);, °28,
~40_-3%insTA.

3.2, Association of UGTIAI genotypes with serum total
bilirubin levels

Serum total bilirubin levels at baseline, a parameter of
in vivo UGT1AL1 activity, were available from 37 patients
(treated by various regimens), and we analyzed their asso-
ciation with UGTI Al genotypes (Fig. 1). The median val-
ues of total bilirubin in ‘*60/°1, 281 and °6/°1
heterozygotes were not significantly different from that
of the wild type (“1/°1). Higher median values were
observed for the "6 homozygotes ("6/'6) and the double
heterozygotes of "6 and "28 (*6/°28) than that of the wild
type (*1/°1), with increases of 1.9-fold and 2.2-fold,
respectively. Since "6 and 28 are mutually independent
and their reducing effects on UGT activity are equivalent
[15,17], diplotypes were classified by the presence of ***6 or
*28" (indicated by “+" in Fig. 1). As shown in Fig. |, a
significant “**6 or "28"-dependent increase in total biliru-
bin levels was observed (p = 0.0088, Jonckheere-Terpstra
lest).

3.3. Severe toxicities observed in this study

Incidences of severe diarrhea and neutropenia (grade 3
or greater) are shown in Table 3 for each irinotecan-con-
taining regimen. Grade 3 diarrhea was observed in only 4
of the 75 subjects, and since the incidence of diarrhea was
low (5.3%), an association analysis on diarrhea was not
conducted. Regarding neutropenia, 26 patients experi-
enced grade 3 or 4 neutropenia. Of these 26 patients,
90% experienced neutropenia within 2 months after start-
ing irinotecan-therapy, and 70% within 2 weeks. Signifi-

24
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Diplotype (+ = *6 or *28)

Fig. 1. Effects of UGTIAI genotypes on serum total bilirubin
levels at baseline in Japanese cancer patients (N = 37). Each point
represents a patient, and the median value of each diplotype is
shown with a bar. All diplotypes are classified into —/—, +/-,
and +/+ by the genetic marker, “UGTIA1%6 or *28", indicated
by “+", and their distributions are shown by a box representing
the 25-75 percentiles with a bar al the median and lines
representing the highest and lowest values. A significant “"6 or
“28"'-dependent increase in total bilirubin levels was observed
(p = 0.0088, Jonckheere-Terpstra test).

Table 3
Severe toxicitics observed in Japanese cancer patients

Treatment Diarrhea®/lotal (%) Neutropenia®/total (%)
Total patients 4/75 (5.3) 26/75 (34.7)
Irinotecan alone 1/49 (2.0) 6/49 (12.2)
With CDDP 2/15(13.3) 11/15 (73.3)
With MMC 179 (11.1) 8/9 (88.9)
With 3-FU 0/2 (0.0) 1/2 (50.0)
P-value* NS <0.0001
* Grade 3.
" Grade 3 or 4.
© Chi-squre test,

cant differences in neutropenia incidences were observed
among the regimens used, and considerably high inci-
dences were observed in the combination therapies.
Accordingly, association of the UGTIA] genotypes with
severe neutropenia was analyzed primarily in the patients
who received irinotecan-monotherapy.

3.4. Association of UGTIAI genotypes with neutropenia

Since significant associations of UGTIAI"6 and "28
with increased total bilirubin levels (decreased UGT-
activity) were once again confirmed in this study, we
assessed the clinical relevance of these haplotypes, focus-
ing on the effect of "6 on severe neutropenia. In the 49
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patients who received irinotecan monotherapy, the inci-
dence of grade 3 or 4 neutropenia was “6-dependently
increased (p=0.012 in the chi-square test for trend).
Namely, incidences of severe neutropenia in the *6 hetero-
zygotes ("6/°1,°6/°60, and °6/°28) and homozygoles
("6/"6) were 2.3-fold and 15-fold higher, respectively, than
that seen in the non-"6 bearing patients (*1/°1, "60/°1,
“280"1, and "28/°60) (Table 4). In this study, no "28 hetero-
zygotes ("28/71 and "28/°60) experienced any severe neu-
tropenia, and there were no “25 homozygoles enrolled.
Therefore, the effect of “28 could not be determined.
For the “60-bearing patients without "6 or *2§ (only het-
erozygote, "60/°]), one patient among six experienced
severe neutropenia, and no significant “60-dependent
increase was observed (data not shown). Although no sta-
tistically significant association of the *2§ heterozygotes
with severe neutropenia was confirmed in this study, the
incidence of discontinuation of irinotecan monotherapy
was higher in the "28-bearing patients (91%, N = 11) than
that in the non-"2§ subjects (79%, N = 38), while "60- or
*6-dependent increased discontinuation rates were not
found (data not shown). For the patients with cisplatin-
combination therapy, a higher incidence of severe neutro-
penia was observed in the °6-bearing patients (°6/°/,
*6/°60, and "6/°6) (100%, N = 3) than that in the non-"6
bearing subjects ("1/771, “60/°1, “60r60, and °“28/"1)
(66.7%, N = 12).

3.5, Multivariate analysis of neutropenia

In order to further clarify the clinical impact of *4 on iri-
notecan toxicities, multivariate logistic regression analysis
on grade 3 or 4 neutropenia was conducted using variables,
including UGT1 Al genotypes and patient background fac-
tors, described in Section 2. The final model revealed a sig-
nificant association of *6 with the incidence of grade 3 or 4
neutropenia at an odds ratio of 5.87 (Table 5).

4. Discussion

The clinical application of the genetic test for
UGT1AI"28 prior to irinotecan therapy has been

Table 4
Association of UGTIAI genotypes with severe neutropenia (grade 3
or 4) in irinotecan monotherapy

Diplotype” Neutropenia®/total (%) Effect of "6 (%)
f= 1120 (5.0) non-"6/non-*6 (3.4)
*281- 0/9 (0.0)
61— 3/16 (18.8) “6/non-"6 (22.2)
6I"28 1/2 (50.0)
“6I°6 1/2 (50.0) 6/76 (50.0)
P-value® 0.012

* Grade 3 or 4.

B " represents **1 or "60".
€ Chi-square test for trend.

Table 5

Multivanate Jogistic regression analyasis of severe neutropenia (grade
3 or 4) in innotecan monotherapy

Variable Cocflicient SE P-value Odds (95% Confidence

ratio  limit)
UGTIAl'6 1.T7 0809 00289 S87 (137-39.6)
R*=0,157, Intercept = 3,15, N = 49,

in practice in the United States since 2005, which
was based on cumulative evidence supporting the
significant association of "28 with severe irinotecan
toxicity [9-13]. Most of the evidence was obtained
in Caucasian patients, where “28 is relatively fre-
quent (30-40%) [14]. Although additive effects of
another low activity allele, "6, which is specific for
East Asians, has been also suggested [9,15-17],
direct evidence in Japanese patients has remained
limited. In this study, we clearly showed the signifi-
cant correlation of “6 to grade 3 or 4 neutropenia in
Japanese cancer patients who received irinotecan
monotherapy. An increased incidence of severe neu-
tropenia was also observed in the “6-bearing
patients using cisplatin combination therapy. This
finding is in accordance with a report on Korean
lung cancer patients who received a combination
therapy of irinotecan and cisplatin, which showed
a significant association of "6 homozygotes with
grade 4 neutropenia [18]. Since combination thera-
pies using irinotecan may cause higher incidences
of severe toxicities, the UGTIAl polymorphisms
should be carefully considered in regimens that
include irinotecan,

Since the alleles "6 and 28 are mutually indepen-
dent [15] and their effects on the UGT activities were
shown to be equivalent, the usefulness of the genetic
marker **°6 or “28" for personalized irinotecan ther-
apies has been suggested [17] This was also sup-
ported in the current study, which showed a “*6
or "28"-dependent increase in serum total bilirubin
levels (Fig. 1). Because of the low frequency of “28
without homozygotes among our subjects, the influ-
ence of "28 on toxicities was not clearly demon-
strated, as in the case of the Korean patients
where the allele frequency of /A47% (23.5%) was
much higher than that of /47°28 (7.3%) [18]. How-
ever, in the current study, the double heterozygotes
of "6 and "28 (°6/°28) showed increases in serum
total bilirubin levels (Fig. 1). Moreover, a higher
incidence of severe neutropenia in the °6/°28
patients was observed, although the patient number
was small (N = 2) (Table 4). This finding also indi-
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cates the importance of “76 or "28" in severe neutro-
penia, and in fact, a gene-dose effect of 6 or "28”
(p = 0.04 in the chi-square test for trend) and its sig-
nificant contribution in multivariate analysis
(p = 0.0326) were also confirmed (data not shown).

For the “60 haplotype (-3279T>G without -40_
-39insTA), no association of “60 with severe neutro-
penia was observed in this study, which coincides
with reports of other studies on Japanese cancer
patients [17,23). As for the "27 allele
[686C>A(P229Q)] , it was linked with the "28 allele
and the haplotype was defined as the "28 sub-
type,"28¢ [15]. One “28c-heterozygous patient with
irinotecan monotherapy showed no severe neutro-
penia, suggesting a small contribution of the "27
allele (data not shown).

In this study, the association between UGTIAI
genotypes and antitumor activity was difficult to
evaluate because of the small number of subjects
stratified into each tumor type. Further clinical
studies are needed to establish methods for selec-
tion of the appropriate regimen or dosage based
on the UGTIAI genotypes, where a balance
between toxicity and antitumor effect should be
considered.

In conclusion, this study demonstrated the signif-
icant association of UGT1A4176 with severe irinotec-
an-mediated neutropenia. The current data also
supported the usefulness of the genetic marker “**6
or "28" for personalized irinotecan therapy in Japa-
nese, and likely East Asian, patients.
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Phase II Trial of Preoperative Chemoradiotherapy Followed
by Surgical Resection in Patients With Superior Sulcus
Non-Small-Cell Lung Cancers: Report of Japan Clinical
Oncology Group Trial 9806

Hideo Kunitoh, Harubumi Kato, Masahira Tsuboi, Taro Shibata, Hisao A a, Yukito Ich
Nobuyuki Katakami, Kanji Nagai, Tetsuya Mitsudomi, Akihide Mats a, Ken Nakagawa, Hirohito Tada,
and Nagahiro Saijo
A B'S T'R A CT
Purpose

To evaluate the safety and efficacy of preoperative chemoradiotherapy followed by surgical
resaction for superior sulcus tumors {S5Ts).

Patients and Methods

Patients with pathologically documented non—small-cell lung cancer with invasion of the first rib or
more superior chest wall were enrolled as eligible; those with distant metastasis, pleural
dissemination, andfor mediastinal node involvement were excluded. Patients received two cycles
of chemotherapy every 4 weeks as follows; mitomycin 8 mg/m? on day 1, vindesine 3 mag/m? on
days 1 and &, and cisplatin 80 mg/m? on day 1. Radiotherapy directed at the tumer and the
ipsilateral supraclavicular nodes was started on day 2 of each course, at the total dose of 45 Gy in
25 fractions, with a 1-week split. Thoracotomy was undertaken 2 to 4 weeks after completion of
the chemoradiotherapy. Those with unresectable disease received boost radiotherapy.

Results

From May 1998 to November 2002, 76 patients were enrolled, of whom 20 had T4 disease; 75
patients were fully assessable. Chemoradiotherapy was generally well tolerated. Fifty-seven
patients (76%) underwent surgical resection, and patheologic complete resection was achieved in
51 patients (68%). There were 12 patients with pathologic complete response. Major postoper-
ative morbidity, including chylothorax, empyema, pneumonitis, adult respiratory distress syn-
drome, and bleeding, was observed in eight patients. There were three treatment-related deaths,
including two deaths owing to postsurgical complications and one death owing to sepsis during
chermoradiotherapy. The disease-free and overall survival rates at 3 years were 49% and 61%,
respectively; at 5 years, they were 45% and 56%, respectively.

Conclusion
This trimodality approach is safe and effective for the treatment of patients with S5Ts.

J Clin Oncol 26:644-649. © 2008 by Amaerican Society of Clinical Oncology

(approximately 30%) have remained poor and un-

Superior sulcus tumors (SSTs), involving structures
at the thoracic inlet, represent a small subtype of
non-small-cell lung carcinoma (NSCLC). These
SSTs, first described by Henry Pancoast' and thus
also called Pancoast tumors, have posed a challeng-
ing problem for surgeons, radiation oncologists, and
medical oncologists alike, ever since they were
first described.”

Preoperative radiotherapy has long been the
community standard in the management of
§5Ts.*"” However, both the complete resection rate
(approximately 50%) and long-term survival rate

changed over the last 40 years, since the first treat-
ment strategy was reported in the 1960s. Local
control has remained the main problem,'*!”'® ad-
versely affecting quality of life as well as survival of
patients. Presence of mediastinal lymph node me-
tastasis (N2 status) has been reported to be associ-
ated with a particularly poor prognosis.”'*
However, a series of clinical trials over the last
two decades have shown concurrent chemoradio-
therapy to be beneficial in the treatment of unresect-
able stage III NSCLC.'"™®' The addition of
chemotherapy to thoracic radiotherapy seems to
suppress distant micrometastases,”*** and giving
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concurrent chemotherapy with radiotherapy has been shown to yield
improved local control'*** with survival benefit.

Encouraged by the promising data of concurrent chemora-
diotherapy for N2 NSCLC, the Southwest Oncology Group
(SWOG) applied this modality as preoperative therapy for patients
with S§Ts (SWOG 9416, Intergroup Trial 0160), and reported
favorable results.™

The Japan Clinical Oncology Group (JCOG) launched another
trial of this preoperative concurrent chemoradiotherapy, or the trimo-
dality approach, for the treatment of SSTs in 1999, before the first
report of SWOG 9416 was published. Our study was initiated to
evaluate the safety and efficacy of this treatment strategy in this rare
subset of patients with NSCLC. As the induction treatment, we used
mitomycin, vindesine, and cisplatin (MVP) combination chemother-
apy, which has been demonstrated to be safe and effective for concur-
rent chemotherapy with thoracic radiotherapy in Japanese trials.'”

PATIENTS AND METHODS

Eligibility Criteria

Patients with untreated histologically or cytologically documented
NSCLC involving the superior sulcus with clinical stage T3 or T4 disease were
eligible for entry onto this study. T4 diseases included tumor invasion to the
spine (including to a transverse process of vertebra), aorta, or superior vena
cava; invasion to the chest wall or subclavian vessels was included in T3 disease.
Involvement of the superior sulcus was confirmed by computed tomographic
(CT) or magnetic resonance imaging (MRI) evidence of tumor invasion of the
first rib ar more superior chest wall. Patients with pleural or pericardial dis-
semnination, malignant effusion, and/or distant metastasis (M1) were ex-
cluded. Those with clinical N2 disease (mediastinal node involvement) were
also excluded; all mediastinal nodes ing = 1.0 cm in size on CT images
mreqmmdwbehqxwdanddocmmdtobcmpmforrmm
before patient enrollment. However, those with ipsilateral supraclavicular
node invok (N3) were eligibl unless:twnnccmnpumndhymtdnm
nal node tasis. Each patient was required to fulfill the following criteria:
Ism?iy:mnfug:.FanopmuROnmhgmeuppmmm
of 0 to 1; adequate organ function (ie, leukocyte count = 4,000/, platelet
count = 10%/uL, hemoglobin = 11.0 g/dL, serum creatinine less than 1.5
mg/dL, creatinine clearance = 60 ml/min, serum bilirubin less than 1.5
myg/dL, serum ALT and AST less than double the upper limit of the institu-
nomlmmu.lnnsz mmdmﬂpmofuxmz?ﬂmﬂi&m
predicted p forced ¥ in | second = 0.8 L. From
July 2001, ﬁmﬂumuﬂmm&dlﬁuh&nﬂmﬁpnmﬁnmm
shock during chemoradiotherapy, those patients with systemic use of cortico-
steroids were excluded.

Patient cligibility was confirmed by the JCOG Data Center before
patient registration. This study was approved by the institutional review
boards at each participating center, and written informed consent was
obtained from all patients.

Treatment Plan

Induction chemotherapy, Patients received two courses of MVP combi-
nation chemotherapy with a 4-week interval in berween. Mitomycin was
administered at 8 mg/m” on chemotherapy day 1, and vindesine was admin-
istered at 3 mg/m” on days 1 and 8; both were administered as bolus injections,
Cisplatin was administered at 80 mg/m” as a 2-hour infusion on day 1, with

toxicities recovered to grade | or 0. If the second cyde could not be started
within 2 weeks of the due date, it was canceled, and the patient received only
preoperative radiotherapy, if possible.

Induction radi ,  Thoracic radiotherapy was started with a linear
accelerator (= 4 MeV) on chemotherapy day 2. The first session was scheduled

W o org

to be given with the first chemotherapy cycle at 27 Gy in 15 fractions over 3
weeks. Then the second session was started after a week's interval until day 2 of
cycle of MVP, was administered at 18 Gy in 10 fractions over 2 weeks, The total
radiation dose was thus 45 Gy in 25 fractions administered over 6 weeks,
including the 1-week split, or interval, between the two sessions; this schedule,
including the split, basically followed that of the original method reported by
Furuse ct aL ' The radiation field included the primary tumor and the ipsilat-
eral supraclavicular nodes. The mediastinal and hilar nodes were not irradi-
:trd.ummmuuﬁhihrm&cmm(dmhmlmn}

ofhmmmwhmﬂmﬁhymdmhm
irrespective of the clinical response (tumor shrinkage). Surgical resection of
the tumor was performed 2 to 4 weeks after the completion of the induction
therapy. The surgical procedures undertaken included lobectomy or pneumo-
tion, ND2, includes complete removal of the hilar and mediastinal nodes. Less
complete dissection includes NDO (ie, no systematic dissection with or with-
mlymphnodcnmph@wﬂnl (ie, hilar node dissection with or without

ndmhuwyoﬂm{}yin 12 fractions was given. Those who were judged to
have undergone complete resection were followed up without additional ther-
apy until clinical evidence of recurrence.

Patient Evaluation and Follow-Up

Before enrollment onto the study, each patient underwent complete
medical history taking and physical emmination, blood cell count determina-
tions, serum biochemistry testing, arterial blood gas analysis, chest x-ray, ECG,
CT scan of the chest, bronchoscopy, CT scan or ultrasound of the upper
abdomen, whole-brain CT or MRI, and an isotope bane scan. Chest MRI was
recommended for evaluation of the local tumor status but was not mandatory,
Blood cell counts, serum biochemistry testing, and chest x-ray were performed
weekly during each course of chemotherapy. Chest CT was performed every 3
to 4 weeks during the induction therapy.

Chemotherapy toxicity was evaluated according to the JCOG Toxicity
Criteria,” modified from the National Cancer Institute Common Toxicity
Criteria version 1. Tumor responses were assessed radiographically according
to the standard, two-dimensional WHO criteria™ and were classified into
complete respanse (CR), partial response, no change, progressive discase
(PD).and not assessable. Response confirmation at 4 weeks or longer intervals
was not necessitated. After curative resection and/or definitive boost radio-
therapy, the patients were followed up with periodic re-evaluation, including
with chest CT, as well as a systemic survey every 6 months for the first 3 years.

Central Review

Radiographic reviews for eligibility of the enrolled patients and the clin-
ical responses were performed at the time of the JCOG Lung Cancer Surgical
Study Group meeting, held every 3 to 4 months. The study coordinator
(HK., a medical oncologist), the group coordinator (M, T, a surgical
oncologist), and a few selected investigators of the group reviewed the
radiographic films. The clinical response data presented below were all
confirmed by this central review,

Statistical Considerations

The primary end point of the study was the survival rate at 3 years. The
sample size calculation was performed, as described in Appendix 1 (online only).

Secondary end points included the objective tumor response to chemo-
therapy, complete resection rate, and postsurgical morbidity/monality. Both
overall survival (0S) and progression-free survival (PFS) were calculated from
the date of enrollment by the Kaplan-Meier method. For exploratory analysis
to identify prognostic factors, the OS or PFS of subgroups was compared by
two-sided log-rank tests. All analyses were performed with the SAS software
version B.2 (SAS Institute, Cary, NC).

ImwmwmmmbﬁwmﬂMWKOKURITSUGANCENTERWMBMB 2009 from

160.180.160

copmmomawumenMotcumomy All rights reserved.



Kunitoh et al

RESULTS

Patient Characteristics

From May 1999 to November 2002, 76 patients from 19 institu-
tions were enrolled onto the study. Three patients were ineligible. One
patient was found to have concomitant anemia and did not receive the
protocol treatment. Two others were found ineligible by the central
review, after completion of the protocol therapy; the tumor was
judged not to involve the first rib in one case, and in the other, a
mediastinal node was judged to be enlarged on chest CT, without
confirmation by mediastinoscopy. These two cases were included in
the analysis. Therefore, 75 patients were analyzed to determine the
toxicities, response rates, surgical and pathologic results, PFS, and OS.
All 76 patients were included in the analysis of the patient character-
istics, as shown in Table 1. In each of the T4 cases, the tumor was
judged to have involved the spine. Nodal status was clinically deter-
mined and was pathologically confirmed in only a few cases.

Induction Therapy Delivery and Toxicity
The study schema with the actual numbers of patients receiving
the protocol therapy is shown in Appendix Figure Al (online only).

Table 1. Patient Characteristics (n = 76)

No, of
Charactenistic Patients %

Sex

Male 67 88

Female 9 12
Age, years

Madian 57.5

Range 34-74
ECOG performance status

0 30 38

1 46 B1
Ciinical T stage

3 56 74

T4 20 26
Clinical N stage

NO 59 78

N1 9 12

N2* 1 1

N3 7 8
Smoking history

No 4 5

Yes 72 85

Median smoking history 1.5 packs for 37 years

Body weight loss within 6 months

= 5% 61 BO

5-10% 7 a

> 10% 5 7

Missing 3 4
Histology

Adenocarcinoma 34 45

Squamous cell carcinoma 27 36

Othersfunclassified 15 20
Primary site

Right 39 ]

Left kh) 48

Abbreviation: ECOG, Esstern Cooperative Oncology Group
“Found inaeligible by central review but incluged in the subsaguent analyses

The induction therapy could be completed in 71 (95%) of the 75
patients. The treatment was terminated in the remaining four patients
after only one course of chemotherapy (owing to the development of
adverse events in two cases, patient refusal in one case, and early
toxicity-related death in one case).

Table 2 lists the major toxicities of the protocol therapy. They
were mainly hematologic, and although more than 80% of the patients
experienced neutropenia/leukopenia, they were generally transient
and not complicated by infection/fever, Overall, toxicities were well
tolerated. There was one toxic death on chemoradiotherapy day 6 asa
result of severe myelosuppression and subsequent development of
septic shock.

Clinical Response to the Induction Therapy

The clinical responses of the 75 eligible patients to induction
therapy were judged radiologically and confirmed by the central re-
view. The responses were as follows: CR, 0 patients; partial response,
46 patients; no change, 22 patients; PD, five patients; not assessable,
two patients. The overall response rate was 61% (95% CI, 49%
to 72%).

Surgical and Pathologic Results
Thoracotomy was performed in 57 (76%) of the 75 patients who
received the induction therapy. The surgical procedures undertaken

Table 2. Major Toxicities of Induction Therapy (N = 75) and
Postsurgical Complications
y Na. of Patients
Toxicity or
Complication Grade 1/2 Grade 3 Grade 4 % Grade 3/4
Acute toxicity”
Leukopena m 37 261 84
Neutropenia 3/ 26 361 B3
Anemia 19447 5 1] 7
Thrombocytopenia 14112 9 2t 16
ALT 275 2 0 3
Creatinng 182 0 o o
Pa0, e 0 0 0
Emesis 3225 2 — (not defined) 3
Diarrhea 6 1 0 1
Constipation 2213 1 0 1
Esophagitis 228 0 0 0
Infection 10/9 6 11 8
Neuropathy ] 0 — (not defined) 0
Skin toxicity 162 1 ] 1
Fever 2518 1 1 3
Postsurnnu_u
complications®
ARDS 0 1 1 (grade 5)
Empyema 0 2 0
Cylothorax 1 1 ]
Pneumonitis 0 1 0
Late complications$
Prieumaonitis 0 1 0
Bleading 0 0 1 (grade &)
Abl ions: Pa0),, al rierial diff in partial of oxyg
ARDS, adult respiratory distress syndrome.
During induction therapy.
Tinciudes one patent with toxic death owing to septic shock.
tReport of each P was d by National Cancer Institute
Commaon Toxicity Critera version 3.0,

Jotmsar ar CLxica ONcoLoGy
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were as follows: lobectomy, 53 patients; partial resection, three pa-
tients; exploratory thoracotomy, one patient; none of the cases re-
quired pneumonectomy. Combined resection of the chest wall was
undertaken in 51 of the 57 patients. Complete mediastinal lymph
node dissection (ND2) was performed in 42 patients, and the remain-
ing 15 patients underwent less extensive dissection or sampling (NDO
or ND1).

The results of thoracotomy were as follows: gross residual tumor
(R2 resection, including one with probe thoracotomy), three patients;
microscopically residual tumor on pathologic review (R1 resection),
three patients; complete surgical and pathologic resection (RO resec-
tion), 51 patients. Pathologic downstaging of the tumor as compared
with the clinical stage before induction therapy was achieved in 23
patients (40% of the patients who underwent surgery); this is an
inherently inaccurate figure and should be interpreted as such, owing
to the lack of pathologic confirmation of the ¢ stage at presentation.
Pathalogic CR, with no residual viable tumor cells in the resected
specimens, was achieved in 12 patients (16% of the 75 treated pa-
tients). Table 3 lists the surgical and pathologic results according to the
initial clinical T factor,

The major postoperative morbidities included adult respiratory
distress syndrome (ARDS) in two patients, empyema in two patients,

for Superior Sulcus T

chylothorax in two patients, and pneumonitis in two patients. One
patient died of sudden major bleeding on postoperative day 24. The
bleeding was identified at autopsy as being from an intercostal artery.
Another patient died of ARDS after off-protocol pneumonectomy.
The patient had been judged to have PD in response to the induction
therapy as a result of emergence of intrapulmonary metastases. The
attending surgeon and the patient agreed to salvage surgery, and the
patient developed postoperative ARDS.

Thus the total number of toxic deaths was three, including one
caused by septic shock during the induction, one by delayed postop-
erative bleeding, and one by the development of ARDS after off-
protocol, salvage surgery.

Boost Therapy

Boost radiotherapy was given 1o 15 patients, including 12 of the
15 patients in whom thoracotomy was not performed after the com-
pletion of induction chemoradiotherapy. One patient received boost
radiotherapy after grossly incomplete resection, and another received
boost radiotherapy after gross complete resection with microscopi-
cally residual disease. In 12 of the 15 patients, boost radiotherapy was
completed with a total dose of 66.6 Gy.

PFS and OS
Figures 1 and 2 show the PFS and OS curves, updated in Novem-
Table 3. Surgical and Pathologic Results Ac g to Initial Clinical T Stage ber 2006. Forty-one patients were alive, with a median follow-up
Characteristic 13 T4 period of 68 months, The median PFS time was 28 months. The PFS
No. of petents 56 20 rates at 3 and 5 years were 49% and 45%, respectively, The median OS
No surgery perlormed has not yet been reached. The OS at 3 and 5 years were 619% and 56%,
Ne. 7 n respectively. Subset analysis (Appendix Figs A2 through A5, online
% 13 . only) revealed that clinical T stage was a prognostic factor (Appendix
“m"’;”:*_"m " ' Fig A2). Patients with clinical T3 disease had better outcome than
T"‘m"‘““’__:m": wan 5 i those with clinical T4 disease (the survival rates at 3 and 5 years were
Aonrih Wt o 1 69% and 61%, respectively, versus 40% and 40%, respectively; log-
Progressiva disesss 2 2 rank P = ,031). The clinical N stage and histologic type of the tumor
Judged unvesectable 0 3 did not significantly affect the OS (Appendix Figs A3 and A4) or PFS.
Patient refusal 5 3 As expected, the survival rate was good in patients in whom complete
Surgicel procediwres resection could be achieved, with a projected 5-year OS of 70% as
“"’N'D”’m" - . compared with 24% in whom complete resection could not be
% B7 45
Pneumonectomy 0 1]
Lobectomy 45 -
Probe thoracotomy 1 ¢ o 00
Other 2 1 @
With combined resection a4 7 & 097
Rib a8 6 _5 0.8 4
Patietal pleura 4 1 » 07+
Vertebra 3 3 g 0.6+
Major vessel 3 0 S 0.5
Clavicie 1 o o e
Completeness of resecton 5 0.3
A2 operation 2 ! € o2]
A1 operation 3 0 a
RO aperation £ i
No 43 &8 Y : ¥ ’ . - y z
o 78 40 0 | 2 3 4 5 6 7 8
Pathologic results Time After Registration (years)
Downstaging 18 5
Pathlogic compiete response 9 3 Fig 1. Progression-frea survival (PFS) of the 75 eligible patems PFS at 3 years
and 5 years was 49% (95% CI, 38% to 80%) and 46% (95% CI. 34% 10 56%).
pectvely, with 8 median PFS of 27.7 months.
WWW.e.0rg 47
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1.0 1
0.8+
0.8+
0.7+
0.6+
0.5
0.4+
0.34
0.2 4
0.1 4

Proportion Surviving

0 i 2 3 4 8 @& 71 @8
Time After Registration (years)

Fig 2 Overall survival (OS] of the 75 eligible patients. OS at 3 years and 5 years
was 61% (86% CI, 48% to 71%) and 66% (85% Cl, 44% to 66%), respectively
The median OS has not been reached.

achieved (Appendix Fig A5). The survival of the 12 patients with patho-
logic CR was especially favorable (Appendix Fig A6, online only).

Pattern of Relapse

So far, 39 patients have experienced tumor relapse. Table 4 lists
the initial relapse sites, according to the curative extent of the surgical
resection. For unresected or incompletely resected cases, locoregional
relapse was predominant. To the contrary, for completely resected
cases, relapse at distant sites was the most frequent relapse pattern,
with some brain-only relapse patients.

We conducted a multi- msnrunona] phase 11 trial of a trimodality
approach, namely, preoperative chemoradiotherapy followed by sur-
gical resection, in patients with S5Ts. Because of the rarity of this
subtype of NSCLC, no randomized trial has been conducted previous-
ly.** Our report is the second of a large-scale, prospective trial after
SWOG 9416/INT 0160 and reproduced its favorable outcomes.™
The long-term results of the SWOG 9416/INT 0160 trial were
recently published.” Although the chemotherapy regimens used were
different, a standard classic platinum-based combination was used in
both. The preoperative radiotherapy doses were also identical (45 Gy),
although a 1-week split (interval between two sessions) was included
in our protocol (but not in the SWOG trial). Boost chemotherapy was
planned after curative resection in the SWOG trial, but the compliance

Table 4. Initial Relapse Sites

Patients With Patients Without
A i C lete R ion Total
Aelopse Site in = 5§1) n = 24) N = 78)
Locoregianal” anly 2 B 10
Distant only 14 6 20
Bran only 4 1 5
Both 4 5 ]
Tota! 20 18 38

"Locoregional = surgical margin, within radiation field, hilar lymph nodes.
mediastinal lymph nodes, supraclavicular lymph nodes

rate was poor,” as in other perioperative therapy reports; we had
anticipated that the majority of the patients would not be fit enough
for additional toxic therapy after a major thoracic surgery and did not
include it in our protocol.

Despite these minor differences, the results of the two trials were
strikingly similar (Table A1, online only). The radiologic response rate
was higher, whereas the pathologic CR rate was lower in our trial, but
the differences were probably not clinically relevant, considering in-
terobserver differences in the response evaluation and the well-known
discrepancy between clinical versus pathologic effects, The intensive
trimodality approach was found to be feasible in both reports, with a
reasonably low toxic death rate of 4%. The resection rate, which had
remained unchanged at approximately 50% for almost 40 years with
conventional preoperative radiotherapy, was approximately 70% in
both studies. Particularly noteworthy was the reproducibility of the
favorable survival data, with a 5-year OS rate of 44% in the United
States trial and 56% in our trial, which were clearly superior to the
historical value of 30%.%2*

A shift in the trend of clinical problems also became clear,”***
The relapse patterns changed from predominantly locoregional'”'* to
mainly distant recurrences in cases with complete resection,”***** and
a significant number of such patients suffered from metastasis in the
brain as the initial site of relapse.” To the contrary, complete resection
could be achieved in less than half of the patients with ¢-T4 discase,
and neither local control nor long-term survival was satisfactory in
those in whom it could not be achieved. It seems that there might be
room for improvement in radiotherapy.

Several questions remain unresolved. One is that of management
of patients with mediastinal node involvement. These clinical N2 cases
have been known to have the poorest prognosis™'® and were excluded
from both the SWOG and JCOG trials. Although trimodality ap-
proaches have been reported in cases with clinical N2 stage
NSCLC,*™*! inclusion of the hilar and mediastinal nodes in the irra-
diation field increased the toxicity risk to an unacceptable level in our
prior phase I1 trial (JCOG 9805).*

Inaddition to the unresolved questions above, our study also had
a critical limitation. Although this was a prospective, large-scale, and
multi-institutional trial, no definite conclusions could be obtained
from the single-arm phase I1 study. As repeatedly pointed out, how-
ever, a phase 111 trial would be unrealistic due to the rarity of SSTs.
Possibly, clinical questions common with other patient subsets could
be tested in a phase 111 trial targeting a broader patient population; for
example, patients with SSTs and other stage 111 NSCLC could be
enrolled onto a phase II1 trial of prophylactic cranial irradiation after
definitive induction therapy.**

In conclusion, we report a favorable outcome of preoperative
chemoradiotherapy in patients with S§Ts, confirming the results of
the previous SWOG/Intergroup trial. We believe that this strategy may
be acceptable as standard for the treatment of this disease and also
serves as a reference for future trials.
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Randomised phase |l trial of innotecan plus cisplatin vs irinotecan,
cisplatin plus etoposide repeated every 3 weeks in patients with
extensive-disease small-cell lung cancer
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Small-cell lung cancer (SCLC), which accounts for approximately
14% of all malignant pulmonary tumours, is an aggressive
malignancy with a propensity for rapid growth and early
widespread metastases (Jackman and Johnson, 2005). A combina-
tion of cisplatin and etoposide (PE) has been the standard
treatment, with response rates ranging from 60 to 90% and median
survival times (MSTs) from B to 11 months in patients with
extensive disease (ED)-SCLC (Fukuoka et al, 1991; Roth ef al,
1992). A combination of irinotecan and cisplatin (IP) showed a
significant survival benefit over the PE regimen (MST: 12.8 vs 9.4
months, P=0.002) in a Japanese phase 111 trial for ED-SCLC (Noda
et al, 2002), although another phase IIl trial comparing these
regimens failed to show such a benefit (Hanna et al, 2006). Thus,
irinotecan, cisplatin and de are the current key agents in
the treatment of SCLC. A phase 11 trial of the three agents, IPE

ion, in patients with ED-SCLC showed a promising
antitumour activity with a response rate of 77%, complete
response (CR) rate of 17% and MST of 12.9 months (Sekine
et al, 2003).

We have developed these IP and IPE regimens in a 4-week
schedule where irinotecan was given on days 1, 8 and 15. The dose
of irinotecan on day 15, however, was frequently omitted because
of toxicity in both regimens (Noda er al, 2002; Sekine et al, 2003).

*Correspondence: Dr | Sekine, Division of Intermal Medicine and
Thoracic Oncology. MNational Cancer Center Hospial. Tsukiji 5-1-1.
Chuo-ku, Tokyo 104-0045, japan: E-mail: isekine@ncc.go,jp

Received |5 October 2007; revised 2 January 2008; accepted 9 January
2008; published online 5 February 2008

Patients with previously untreated extensive-disease small-cell lung cancer were treated with innotecan 60mgm ™2 on days | and 8
and cisplatin 60mgm ™2 on day | with (n=55) or without (n= 54) etoposide S0mgm™2 on days | -3 with granulocyte colony-
stimulating factor support repeated every 3 weeks for four cycles. The triplet regimen was 100 toxic 10 be considered for further

British Jounal of Concer (2008) 98, 693-696. doi:10.1038/5)bjc. 6604233  www.bjcancer.com

Keywaords: small-cell lung cancer; chemotherapy, innotecan; etoposide; three drug combination

The objectives of this study were to evaluate the toxicities and
antitumour effects of IP and IPE regimens in the 3-week schedule
in patients with ED-SCLC and to select the right arm for
subsequent phase 11T trials.

PATIENTS AND METHODS

Patient selection

Patients were enrolled in this study if they met the following
criteria: (1) a histological or cytological diagnosis of SCLC; (2) no
prior treatment; (3) measurable disease; (4) ED, defined as having
distant metastasis or contralateral hilar lymph node metastasis; (5)
performance status of 0-2 on the Eastern Cooperative Oncology
Group (ECOG) scale; (6) predicted life expectancy of 3 months or
longer; (7) age between 20 and 70 years; (8) adequate organ
function as documeuted by a white blood cell (WBC) count
24.0 x lO’pl , neutrophil count >2.0 x m’,u !, haemoglobin
295gdl™, platelel count =2100x10°ul™", total serum
bilirubin € 1. Smgdl~', hepatu: transaminases < 1001U1"", serum
creatinine < 1.2 mgd] , creatinine clearance =60 mlmin~', and
Pa0Q, =60torr; and (9) providing written informed consent.
Patients were not eligible for the study if they had any of the
following: (1) uncontrollable pleural, pericardial effusion or
ascites; (2) symptomatic brain metastasis; (3) active infection;
(4) contraindications for the use of irinotecan, including
diarrhoea, ileus, interstitial pneumonitis and lung fibrosis; (5)
synchronous active malignancies; (6) serious concomitant medical
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mellitus or hypertension; or (7) pregnancy or breast feeding.

uncc

Treatment schedule

In the IP arm, cisplatin, 60mgm™, was administered intra-
venously over 60min on day | and irinotecan, 60mgm 7, was
administered intravenously over 90min on days | and 8.
Prophylactic granulocyte colony-stimulating factor (G-CSF) was
not administered in this arm. In the IPE arm, cisplatin and
irinotecan were administered at the same dose and schedule as
the IP arm. In addition, etoposide, 50 mgm ™, was administered
intravenously over 60 min on days 1-3. Filgrastim 50 ygm™2 or
lenograstim 2 ugkg™' was subcutaneously injected prophylacti-
mﬂy&mdnysmthedlrwhmthemmunluc«dcd
10,0 % 10*ul %, Hydration (2500 ml) and a SHT, antagonist were
given on day 1, followed by an additional infusion if indicated in
both arms. These treatments were repeated every 3 weeks for a
total of four cycles.

Tondt']amment, treatment modification and response

Toxicity was graded according to the NCI Common Toxicity

of death for progression-free survival (PFS). The survival of the
arms was estimated by the Kaplan - Meier method and compared
in an exploratory manner with log-rank tests (Armitage et al,
2002).

RESULTS

Patient characteristics

From March 2003 to May 2005, 55 patients were randomised to [P
and 55 patients to [PE. One patient in the IP arm was excluded
because the patient was ineligible and did not receive the study
treatment. The remaining 109 patients were included in the
analyses of toxicity, tumour response and patient survival. There

were no differences between the two arms in any demographic
characteristics listed (Table 1),

Treatment delivery

Treatment was well tolerated with respect to the number of cycles
delivered in both arms (Table 2). Amons r for ter
of the treatment, disease progression was noted in nine (17%)

Criteria version 2.0. Table | Patient characteristics
Doses of anticancer agents in the following cycles were modified
according to toxicity in the same manner in both arms. Objective IP (n=54) IPE (n=55)
tumour response was evaluated according to the R
Evaluation Criteria in Solid Tumors (RECIST) (Therasse et al, *‘F — it §
2000). Male 43 47
Stu , data management and statistical Age (years)
considerations Median (range) 63 (42-70) 62 (48-70)
This study was designed as a multi-institutional, prospective
randomised phase II trial. This study was registered on 6 PS5
September 2005 in the University hospital Medical Information 0 1 12
Network (UMIN) Clinical Trials Registry in Japan (http// ! 42 41
www.umin.ac.jp/ctr/index.htm), which is acceptable to the Inter- 4 y 2
national Committee of Medical Journal Editors (ICMJE) (hrtp:// Weight loss
www.icmje.org/faq.pdf). The protocol and consent form were 0-4% 8 4
approved by the Institutional Review Board of each institution, 5-9% 0 0
Patient registration and randomisation were conducted at the >10% 6 2
Registration Center. No stratification for randomisation was
performed in this study. The sample size was calculated accordin
to the selection design for pilot m based on survival {L::jt&,
1993). Assuming that (1) the curve was exponen r
aunri‘rlls;(zlﬂwsMSTnft}wwommmllmnnth:mdthltcf Table 2 Treatment delivery
the better arm was 12 months x 1.4; (3) the correct selection IP(n=54)  IPE (n=55)
probability was 90%; and (4) additional follow-up in years after the No. (%) No. (%)
end of accrual was 1 year, the estimated required ber of
patients was 51 for each arm. Accordingly, 55 patients for each arm Number of cyces delivered
and their accrual period of 24 months were planned for this study. & - 1@
The dose intensity of each drug was calculated for each patient 4 41 (78) 36 (65)
using the following formula as previously described: i f; Enls ;) : E: H
The dose intensity (mgm ™~ week ™) ! 4 e(10)
To!d milligrams of a drug in all cycles per body surface area R o tomi of the 1
Total days of therapy/7 Cormpletion 40 (74) 35 (64)
Disease progresson 9(17) 2(4)
where total days of therapy is the number of days from day 1 of Tenicity 3 {6) 13 (24)
cycle 1 to day 1 of the last cycle plus 21 days for both arms Patient refusal gg;; ng
(Hryniuk and Goodyear, 1990). Orthers
Differences in the reason for termination of the treatment and )
the frequencies of grade 3-4 toxicities were assessed by ¥ tests. $x wg‘“"’ d"':::' 8 'gg E:g?} 'g'g i:%}
Survival was measured as the date of randomisation to the date of 00 ™ "bi x ofmu s sl e redoio 28 (15) 31 (17)
death from any cause or the date of the most recent follow-up for
overall survival and to the date of disease progression or the date 'P=0013 by x' test. *Protocol violation
Brtish journal of Cancer (2008) 98(4), 693-696 © 2008 Cancer Research UK



patients in the IP arm and in two (4%) patients in the IPE arm,
whereas toxicity was noted in three (6%) patients in the IP arm and
13 (24%) patients in the IPE arm (P =0.013) (Table 2). The dose of
irinotecan on day 8 was omitted in 35 (18%) cycles in the [P arm
and 37 (17%) cycles in the IPE arm (Table 2). The total dose and
dose intensity of cisplatin and etoposide were similar between the
IP and IPE arms in the present study (Table 3).

Toxicity

The myelotoxicity was more severe in the IPE arm (Table 4). Grade
3 febrile neutropaenia was noted in 5 (9%) patients in the [P arm
and 17 (31%) patients in the IPE arm (P = 0.005). Packed red blood

Table 3 Total dose and dose intensity

h SCLC
| Sekine et ol

cells were transfused in 4 (7%) patients in the IP regimen and 14
(26%) patients in the IPE regimen (P=0.011). Platelet concen-
trates were needed in none in the IP regimen and 2 (4%) patients
in the IPE regimen (P =0.16). Grade 3-4 diarrhoea was observed
in 8 (15%) patients in the IP arm and 13 (24%) patients in the IPE
arm (P=10.262). Grade 3-4 fatigue was more common in the IPE
arm with marginal significance (2 vs 11%, P = 0.054). The severity
of other non-haematological toxicities did not differ significantly
between the arms. No treatment-related death was observed in this
study.

Response, treatment after recurrence and survival

Four CRs and 37 partial responses (PRs) were obtained in the IP
arm, resulting in the overall response rate of 76 with 95%
confidence interval (Cl) of 65-87%, whereas six CRs and 42 PRs
were obtained in the IPE arm, and the overall response rate was
B87% with a 95% CI of 79-96% (P=0.126). Median PFS was 4.8
months (95% CI, 4.0-5.6) in the IP and 5.4 months (95% CI, 4.8~
6.0) in the IPE arm (P =0,049) (Figure 1A). After recurrence, 22
(44%) patients in the IP arm and 8 (16%) patients in the IPE arm
received etoposide-containing chemotherapy. The MST and 1-year
survival rate were 12.4 months (95% CI, 9.7 - 15.1) and 54.8% (95%
CI, 41.4-68.2%) in the IP and 13.7 months (95% CI, 11.9-15.5)
and 61.5% (95% CI, 48.6-74.4%) in the IPE arm (P=0.52),
respectively (Figure 1B).

DISCUSSION

This study showed that the IPE regimen in a 3-week schedule with
CSF support produced a promising response rate, PFS and overall
survival. Haematological toxicity in the IPE arm, however, was
very severe in spite of the G-CSF support with the grade 3 febrile
nemropaenia noted in 31% of patients.

In comparison between the 3-week IPE regimen in this study
and the 4-week IPE regimen in the previous study, the delivery of
and etoposide was improved in the 3-week IPE regimen

J-week regimens in this study d4-week regimen®
IP (n=54) IPE (n=55) IPE (n=30)
Median (range)  Median (range) Median (range)
Totol dose (mgm ™)
Cisplatin 240 (60-240) 240 (60-360) 240 (60-240)
Innatecan 420 (60—480) 390 (60-720) 563 (60-720)
Etoposide 0 €00 (150-900) 600 (150-600)
Dase intensity (mgm™? week™')
Cisplatin 19 (14-25) 20 (16-34) 1S (12-15)
Irinatecan 33 (14-40) 35 (15-55) 35 (19-45)
Etoposide 1] 48 (34-68) 37 (28-38)
*From our previous study (Sekine et of, 2003).
Table 4 Grade 3-4 toxicities
IP (n=54) IPE (n = 55)
Grade 3 4 344 (%) Gradel 4 344 (%) e
Leukocytopaenia g I 10(19) I8 I 29 (53)*
Neutropaenia 17 I 28(52) 24 28 52(95)°
Anaermia 18 0 I8(25) 13 9 25 (45)
Thrombocytopaenia 2 1] 2(4) 13 o 1303
Febnie neutropaena 5 0 5(9) 17 o0 713
Diarrhoea 8 0 8(I%) i 2 13(29)
Vemiting 4 7] 47N 3 0 3(5
Fatigue | 0 1@ 5 e
Hyponatraemia 9 3 12Q22) I 1 13(24)
AST elevation 0 0 0o 3 0 3(5
CAM elevation | 0 1(2) 0 0 0(0)

*P<0001; 'P<00I; and 'P=0054 by y° test.
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when compared with the 4-week IPE regimen at the cost of the
irinotecan total dose. The response rate and MST were 87% and
13.7 months, respectively, in the 3-week IPE regimen and 77% and
12.9 months in the previous 4-week schedule, and toxicity profiles
were comparable to each other (Sekine er al, 2003).

The MST of 12.4 months in the IP arm in this study was
comparable to that of the previous phase III study, with an MST of
12.8 months (Noda et al, 2002). Thus, this study showed the
reproducible excellent survival outcome of patients with ED-SCLC
who were treated with the IP combination. In contrast, a recent
American phase II1 study of the PE regimen vs IP regimen failed to
show the superiority of the IP regimen to the PE regimen; the MST
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Progression-free survival (A) and overall survval (B), Thick line indicates the IPE regimen and thin line indicates the IP regimen.
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for the PE regimen was 10.2 months and that for the IP regimen
was 9.3 months (Hanna et al, 2006), The discrepancy between the
Japanese and American trials may be explained by the different
mpllundould:edula: was delivered at a dose of
60mgm~* ond:ylﬂu'yiar«l'ukamﬂlc]lplnmtnlh.
whereas cisplatin was delivered at a dose of 30mgm ~ on days 1
and 8 every 3 weeks in the American one. A platinum agent
administered at divided doses was associated with poor survival in
patients with ED-SCLC in our previous randomised phase II study
(Sekine et al, 2003).

The issue of adding further ts to the standard doublet
mg{mmhubcmmiyudmpmenuumhmmm
addition of ifosfamide or cyclophosphamide and epirubicin to the
cisplatin and etoposide combination produced a slight survival
benefit, but at the expense of greater toxicity (Lochrer ef al, 1995;
Pujol et al, 2001). Phase III trials of cisplatin and etoposide with or
without paclitaxel showed unacceptable toxicity with 6 - 13% toxic
deaths in the paclitaxel-containing arm (Mavroudis et al, 2001;
Niell et al, 2005). The results in these studies and the current study
are consistent in the increased toxicity despite the G-CSF support
and no definite survival benefit in the three or four drug
combinations over the standard doublet in patients with ED-SCLC.
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Identification of the H2-K% restricted cytotoxic T
lymphocyte epitopes of a tumor-associated antigen,
SPARC, which can stimulate antitumor immunity
without causing autoimmune disease in mice
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We previously reported that the secreted protein acidic and rich in
cystein (SPARC) was I in humans, and
the serum SPARC level was useful as a novel tumor marker for
melanoma. SPARC was also reported to be overexpressed in various
human cancers. In this study, we asked whether SPARC-specific
cytotoxic T lymphocytes (CTL) could induce antitumor immunity to
SPARC-expressing tumor in mice or not as a preclinical study of
SPARC-directed anticancer immunotherapy. Because of similarities
in the structural motifs of major histocompatibility complex-binding
peptides between H2-K* and HLA-A24 (A*2402), the most common
human leukocyte antigen class | allele in the Japanese population,
we attempted to identify the H2-K®restricted SPARC epitope for CTL
in BALB/c mice and we found that the mouse SPARC,,, .., (DYIGPCKYI)
and SPARC,, ,,, (MYIFFVHWQF) pepl!dﬂ could induce peptide-
reactive CTL in BALB/c mice without ¢ ine di

The immunization of mice with SPARC,H,, peptide-pulsed bone
marrow-derived dendritic cells (BMDC) inhibited the growth of s.c.
inoculated mouse mammary cancer cell line, N2C, expressing SPA.RC
and these mice lived longer than the mice i ized with p
unpulsed BMDC. In condusion, our study indicated ‘Ihlt SPARC
peptide-based cancer immunotherapy was effective and safe at least
in a mouse tumor prevention model. (Cancer Sci 2009; 100: 132-137)

4
pressed in

Sccrclcd protein acidic and rich in cystein (SPARC), also
called osteonectin or BM-40, was identified in 1981 as a
major non-collagenous constituent of bovine bone.!"” SPARC is
a matricellular glycoprotein secreted by many cells types, that
modulates cellular interaction with extracellular matrix during
tissue remodeling.”” SPARC plays an important role in wound
repair, cell proliferation, cell migration, morphogenesis, cellular
differentiation and angiogenesis.*"* Targeted disruption of
the SPARC gene in mice results in early cataractogenesis,®”
osteopenia™ and curly tails.*®

SPARC was reported to be overexpressed in various human
cancers,*'¥ including primary and metastatic melanomas. The
overexpression of SPARC by melanoma cells was associated
with an invasive phenotype in vive '"*'"" We previously reported
that serum SPARC levels observed in melanoma patients were
higher than those observed in healthy donors.'” Increased level
of serum SPARC was observed in 33% of all melanoma
patients, irrespective of the clinical stages and even in the sera
of patients with stage 0 in situ melanoma. Morcover, the
combined use of SPARC and glypican-3, which was reported by
us as a novel tumor marker for melanoma,'™ enabled a 66.2%
detection rate of melanoma patients at an carly stage (0-II).
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Thus, SPARC is considered to be a useful tumor marker for
melanoma. However, the usefulness of SPARC as a target for
cancer immunotherapy has not been previously investigated.

One of the actual methods of the immunotherapy for cancer was
vaccination of epitope peptides derived from tumor-associated
antigen. Recently, several investigators have reportied the effect
of peptide vaccination on cancer.!"'® However, the effect was
partial, and more useful antigens were required. We previously
identified several tumor-associated antigens, including glypican-3,
heart shock protein 105, proliferation potential-related protein,
KM-HN-1, cell division cycle associated 1 and cadherin-3/P-
cadherin,"*'**" [n addition, we identified several HLA-A2- or
HLA-A24-restricled cytotoxic T lymphocytes (CTL) epitopes
derived from these antigens. The immunization with these epitopes
was effective in a mouse wmor model and some of these were
applied to phase I clinical trials of cancer immunotherapy.

In this study, we identified the H2-K%restricted and SPARC-
derived CTL epitopes uscful for SPARC-directed imm:
and the vaccination with these peptides elicited effective antitumor
immunity with no evidence of autoimmune diseases in mice.

Materials and Methods

Cell lines, Mouse cancer cell lines, B16, B16F1, B16F10,
EL4, MCA, NIH3T3, 3LL, BALB/3T3, Colon26, A20, RL malel
and MethA were provided by the Cell Resource Center for
Biomedical Research Institute of Development, Aging and
Cancer Tohoku University (Sendai, Japan). A mouse mammary
cancer cell line, N2C, was provided by Dr Sangaletti Sabina of
the National Institute of Tumors (Milan, Italy). T2KY, a TAP-
deficient T2 cell trunsfected with K¥-gene expression vector, was
provided by Dr Paul M. Allen of Washington University School
of Medicine (St Louis, MO, USA). These cells were maintained
in vitro in RPMI-1640 or Dulbecco's Modified Eagle Medium
(DMEM) supplemented with 10% fetal calf serum (FCS).
Expression of H2-K” was examined with flow cytometry analysis
by using a fluorescein isothiocyanate (FITC)-conjugated antimouse
H2-K“specific antibody (clone SF1-1.1, mIgG2ak; BD Biosciences
Pharmingen, San Diego, CA, USA).

Mice. Seven-week-old female BALB/c mice (H-2%), purchased
from Charles River Laboratories Japan (Yokohama, Japan),
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were kept in the Center for Animal Resources and Development
of Kumamoto University and handled in accordance with the
animal care policy of Kumamoto University.

Identification of the CTL epitopes of SPARC in BALB/c mice.
Mouse SPARC-derived peptides (purity, >90%), sharing the
amino acid sequences with human SPARC and carrying binding
motifs for both H2-K? and HLA-A24 (A*2402), were scarched
for using BIMAS software (Biolnformatics and Molecular
Analysis Section, Center for Information Technology, NIH,
Bethesda, MD, USA), and we purchased four kinds of peptides
(Table 1) from AnyGen (Gwangju, Korea). Identification of the
CTL epitopes of SPARC was done using BALB/c mice as
described.!'™ In brief, the BALB/c mice were immunized i.p.
with bone marrow-derived dendritic cells (BMDC) pulsed with
the mixture of SPARC candidate peptides once a week for
2 weeks. Seven days after the last immunization, CD4" spleen
cells collected from immunized BALB/c were stimulated with
syngeneic BMDC pulsed with each peptide in virro. Then,
6 days later, CD4" T cells were collected from the culture and
the CTL-producing J=interferon (IFN-y) was detected by an

(A)

Bi6 B16 B16 MCA NIH 3LL EL4 BALBE Colon A20 AL Meth N2C

Table 1. SPARC-derived peptides conserved between human and
mouse SPARC and predicted to bind to H2-K* and HLA-A24

Binding score
Designation Positi Sut e residue fisting
H2-K* HLA-A24
SPARC-1 143-151 DYIGPCKY] 4000 75
SPARC-2 123-131 HFFATKCTL 1382 20
SPARC-3 161-170 EFPLRMRDWL 960 30
SPARC-4 225-234 MYIFFVHWOQF 120 210

These peptides were searched for using BIMAS (Bioinformatics and
Maolecular Sections, Center for Inf lon Technol
MD, USA) software (httpJ/www-bimas.cit.nih.govimolbiohla_bind),

enzyme-linked immunospot (ELISPOT) assay. Moreover, after
S days culture in virre under the same conditions, cytotoxic
activities of these cells directed against target cells were tested
by standard 6-h *'Cr release assays as described previously.'"

Fi10 ar3 faT3a__ 26 o1 A

Fig.1. The reverse transcription polymerase
chain reaction (RT-PCR) analysis of SPARC mRNA
expression in mouse cancer cell lines and normal
tissues, (A) Various CS7BL/6 and BALB/c mouse-
derived cancer cell lines showed strong
expression of SPARC except EL4, A20 and AL male
1. (B) Mouse SPARC gene was expressed in the
normal tissues including ovary, spinal cord, brain
and uterus by the RT-PCR analysis. (C) SPARC was
not detected In the normal tissues by Immuno-
histochemical staining.

C57BL/6 mouse cell lines

BALB/c mouse cell lines
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Histological and immunohistochemical analysis. Immunohistoc-
hemical detections of SPARC was done as deseribed previously.®"
We purchased Human, Normal Organs, and Cancers, Tissue
Array, BC4 (SuperBioChips Laboratories, Seoul, Korea) for
immunohistochemical analysis. Immunchistochemical staining of
CD8 or CD4 was done as described previously,™

In vivo tumor prevention model. BMDC (5 x 10° cellvbody) loaded
with or without SPARC4,,, ,,, peptide or phosphate-buffered
saline (PBS) were transferred i.p. into BALB/c mice (n=38,
cach group) twice on days —14 and -7, and N2C cells (3 x 10Y
body) were challenged s.c. into the shaved back region on day 0.
The tumor sizes were determined biweekly using a caliper
square, and the tumor volume (mm’) was calculated as long
diameter x squared shornt diameter.

Statistical analysis. We analyzed all data with the StatView
statistical program for Macintosh (SAS Institute, Cary, NC,
USA) and evaluated the statistical significance with an unpaired
Student’s r-test. P <0.05 was considered significant. The
percentage of overall survival rate was calculated by the
Kaplan-Meier method, and statistical significance was evaluated
with the Wilcoxon rank sum test.

Results

Expression of SPARC mRNA in mouse cancer cell lines and normal
tissues. We examined the expression level of SPARC mRNA
using reverse transcription polymerase chain reaction (RT-PCR).
The mouse fibroblast cell line NTH/3T3 and various mouse
cancer cell lines, including melanoma (B16, B16F1 and B16F10),
fibrosarcoma (MCA) and lung cancer (3LL) originated from
C57BL/6 mice, and sarcoma (BALB/3T3 and MethA), colon
cancer (colon26) and breast cancer (N2C) originated from
BALB/c mice, showed strong expression of SPARC (Fig. 1A).
CS7BL/6 mouse leukemia/lymphoma cell line, EL4, and BALB/c
mouse lymphoma cell line, A20 and RL male 1, did not express
SPARC. Although SPARC mRNA was expressed in the ovary,
spinal cord, brain and uterus, the expression levels observed in
these tissues were lower than those observed in cancer cell lines
(Fig. 1B). Moreover, normal tissues including ovary, spinal cord,
brain and uterus did not express SPARC at protein level
investigated by the immunohistochemical analysis (Fig. 1C).

Identification of the SPARC-derived and H2-K*restricted CTL
epitopes in BALB/c mice. Structural motifs of peptides bound 1o
human HLA-A24 (A*2402) and mouse H2-K? are similar. The
amino acid sequences of human and mouse SPARC have a 92%
homology.*” Thereby, we searched for SPARC-derived and H2-K*-
or HLA-A24 (A*2402)-restricted peptides of which amino acid

ucnces were completely shared between human and mouse
SPARC, and prepared four different synthetic peptides (Table 1).
CD4- spleen cells isolated from BALB/c mice immunized twice
with BMDC pulsed with mixture of these four peptides were
stimulated in vitro with BMDC pulsed with each peptide for
5-6 days. Subsequently, we collected these CD4™ T cells from
the culture and we found that CD4" T cells stimulated with the
SPARC-1 4, o, (DYIGPCKYT) or SPARC4,, ., (MYIFPVHWQF)
peptides produced a large amount of [FN-y in a peptide-specific
manner in ELISPOT assays (Fig. 2A). Morcover, we tested
cylotoxic activities of these cells directed against target cells by
standard 6-h *'Cr release assays. CTL induced by SPARC-1 ,, ,,
or SPARC-4?,_B, peptides showed specific cylotoxicity against
T2K* (H2-K%, TAP negative) cells pulsed with each SPARC
peptide but not against T2K* cells unpulsed with SPARC peptide
(Fig. 2B). In additon, those CTL had cytotoxic activities directed
against MethA (SPARC*, H-2%) but not against RL male |
(SPARC, H-2"). These findings suggest that these SPARC-1 5,
and SPARC-4,,, ,,, peptides had the capacity to induce the
H2-Krestricted peptide-reactive CTL and that the CTL killed
the tumor naturally expressing both SPARC and H2-K*.

134

(A

—

B0 ) P<0.05
2 ] peptide (+) ‘m
= B peplide ()
3 60 iy SPARC-4 15 514
= T
e P < 0.05 ti
& 40 =l peptide (+)
=3
w
; 20 ¥
s peptide (=)
]
1 2 3 4
SPARC peptide No,
(B)
SPARC-1 4545, SPARC-445¢ 544
- 60
£
s 40
S
a 20
w
»*
0
10 20 40

Effector/Target ralio

T2K® + SPARCpep

T2K* (no peptide)

—t— MelhA (SPARC+, H2-K%)
—%— RLod"1 (SPARC—, H2-K%)

Fig. 2. Identification of the SPARC-derived and H2-K*restricted
cytotoxic T lymphocyte (CTL) epitopes in BALB/c mice. We immunized
the BALB/ mice with syngeneic bone derived dendritic cells
(BMDC) (5 x 10%mouse) pulsed with the mixture of candidate peptides
in vivo once a week for 2weeks. Seven days after the last
immunization, CD4- spleen cells solated from iImmunized mice (2 x 109
well) were stimulated with BMDC (2 x 10%well) pulsed with each
peptide in vitro. (A) Six days after the stimulation /n vitro, the CTL-
producing interferon (IFN-y) in response to the peptide-pulsed BMDC
were detected by an enzyme-linked Immunespot (ELISPOT) assay. (B)
Five days after the stimulation in vitro under the same conditions,
cytotoxic activities of these cells directed against indicated target cells
was tested with standard *'Cr release assays. We found that CD4-
spleen cells stimulated with the SPARC-1,,, ., or SPARC-4,,, .., peplide
produced a large amount of IFN-y, and had cytotoxic activities directed
against both H2-K* and SPARC-expressing MethA tumor cell line or
T2K* pulsed with each peptide, but not to SPARC-negative RL male 1
and peptide-unpulsed T2K9, These assays were done twice with similar
results.

Immunization of SPARCA,, ., peptide did not induce the
autoimmune diseases in BALB/c mice. To investigate whether the
immunization of mice with the SPARC-derived H2-K“restricted
peptide causes autoimmune diseases, the immunohistochemical
staining of several important organs with anti-CD4 and anti-CD8
monoclonal antibody was performed in BALB/c mice
immunized with BMDC pulsed with a mixture of four SPARC
peptides once a week for 2 weeks. Tissue specimens of these
mice were removed and analyzed 7 days after the second
dendritic cell (DC) vaccination, As shown in Fig. 3, we could
not find any pathological changes, such as lymphocyte infiltration
or tissue destruction, in brain, heart, lung, liver, kidney, uterus,
ovary and spinal cord of BALB/c mice. Although SPARC was
expressed in spinal cord and brain by RT-PCR, the BALB/c
mice immunized with BMDC pulsed with SPARC-4,,, .,
peptide did not show any neurological disorders such as
paralysis or abnormal behavior. No sign of autoimmune discases
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