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Figure 4 Disease-free survival hazard ratios by individual tral (Abbreviaticns as in Figure 1),
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Figure 5 Disease-free survival hazard ratios by patient and treatment characteristics (Abbreviations as in Figure |).

effects in different trials (y3 for heterogeneity = 8.82; P=0.0658).
UFT also showed significant effect on LRFS of curatively resected
rectal cancers.

DISCUSSION

Extensive preclinical and clinical research led to the optimisation
of 5-FU administration, with 5-FU bolus in combination with LV
as standard therapy both in metastatic disease (Advanced Colo-
rectal Cancer Meta-Analysis Project, 1992) and after curative
resection of Stage III (Dukes’ C) colon cancer (International
Multicentre Pooled Analysis of Colon Cancer Trials (IMPACT)
investigators, 1995; O'Connell et al, 1997; Wolmark et al, 1999).
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However, the toxicity of bolus 5-FU/LV regimen, especially the risk
of haematologic toxicity and mucositis, could not have been
negligible.

Continuous-infusion 5-FU modulated by LV, utilised mostly in
European countries, showed somewhat better efficacy and
definitely better tolerance than bolus 5-FU in advanced diseases
(de Gramont et al, 1997; Meta-Analysis Group In Cancer, 1998a,b;
Schmoll et al, 2000). In the adjuvant setting, one of the conti-
nuous regimens (LV5-FU2) was shown to have low toxicity than
the bolus regimen, but no difference was shown in terms of
survival (André et al, 2003). Recently, combination of continuous
5-FU/LV and oxaliplatin (FOLFOX 4) was demonstrated to have
significant effect on DFS, and is now considered as the standard
adjuvant regimen for colon cancer in the Western world.

© 2007 Cancer Research UK
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Figure 6 Disease-free survival curves by tumour stage and by treatment.

The recent development of O-FPs has therefore opened new
perspectives. Oral fluorinated pyrimidines may mimic continuous
regimens without its technical inconvenience and deterring
patients’ quality of life, In patients with advanced colorectal
cancer, the efficacy of UFT (typical and most prescribed O-FP)
plus oral LV (Carmichael et al, 2002; Douillard er al, 2002) or of
capecitabine alone (Hoff ef al, 2001; Van Cutsem et al, 2001) seems
comparable in terms of the efficacy with significantly less
significant severe haematologic toxicities and/or stomatitis. The
risk of severe hand-foot syndrome is lower in UFT than with
capecitabine, but the risk of severe diarrhoea and other gastro-
intestinal symptoms is higher in UFT and in UFT/oral LV
treatment for Western patients.

In Japan, UFT have been administered for many years especially
for patients with curatively resected colorectal cancers. For some
unknown reason, severe gastrointestinal toxicities are much less
frequent in Japanese patients, and patients usually prefer oral
chemotherapy especially in an adjuvant setting (Borner et al,
2002).

Furthermore, with regard to rectal cancer, it is a difficult
objective for a clinical trial to accrue enough patients, compared to
colon cancer, and despite the fact that several attempts of
determining a standard adjuvant treatment for rectal cancer,
almost no clinical trial has succeeded in showing a relevant
survival benefit of adjuvant treatment, except one with preopera-
tive radiotherapy (Swedish Rectal Cancer Trial, 1997).

In this context, several Japanese groups conducted randomised
clinical trials comparing UFT with surgery alone for curatively
resected rectal cancers. Five such trials were identified after a
meticulous search, and are included in the present meta-analysis.
This meta-analysis was restricted to trials that had been
randomised centrally and from which no patient had been
excluded for any reason. It represents the largest series of properly
randomly assigned patients receiving the single oral adjuvant O-FP
agent, that is, UFT, for rectal cancer comparing with patients
receiving no therapy after curative tumour resection.

This meta-analysis found a statistically significant benefit of
UFT with regard to overall survival (OS) (hazard ratio=0.82;
P=0.02) as well as DFS (hazard ratio = 0.73; P<0.0001), and LRFS
(hazard ratio =0.68; P=0.0026). As can seen by comparing the
data in Figures 1 and 4, the data from the NSAS-CC and TAC-CR

© 2007 Cancer Research UK

study show benefits that are, apparently, larger than the others.
As shown in Table 1, the dosage and duration of treatment
with UFT in the NSAS-CC and TAC-CR trials differed from
those in the other three trials; the dose intensity of UFT was higher
in the former two trials. Several studies have reported that a high-
dose intensity of UFT improves survival in patients given
postoperative adjuvant chemotherapy for gastric cancer (Sugimachi
et al, 1997; Danno et al, 2001). The higher dose intensity of UFT in
the NSAS-CC and TAC-CR trials may have influenced the
outcomes.

Most of the Japanese rectal cancer patients did not receive pre-
or postoperative radiotherapy in any of the trials. Although
radiotherapy has been considered one of the standard adjuvant
treatments in the Western countries, significant survival benefit
has not been shown with reproducibility (Wolmark et al, 2000;
Colorectal Cancer Collaborative Group, 2001). The ostensible
advantage of adjuvant radiotherapy is to decrease local recurrence
of rectal cancers. As compared with postoperative chemo-
radiotherapy, preoperative chemoradiotherapy does not improve
0S8, but inhibits local recurrence and reduces toxicity (Sauer et al,
2004). In our study, however, LRFS was also significantly better in
the UFT group compared to surgery alone group. As far as our
results are concerned, UFT might also be useful in preventing local
recurrence in Japanese patients who usually do not receive
radiotherapy in an adjuvant setting,

Also, there is still a debate whether adjuvant chemotherapy for
early stage rectal cancer is feasible (Buyse and Piedbois, 2001). In
terms of numbers needed to treat, these benefits imply that
approximately 20 patients need to be treated for one more patient
to survive 5 years, and approximately 10 to be treated for one fewer
patient to suffer a cancer recurrence within 5 years, regardless of
disease stage. Our results show that the therapy is beneficial in
Stage Il patients not only Stage III patients with nodal involvement
(Mamounas et al, 1999; Gray et al, 2004). As for early stage disease,
further investigations are needed to assess potential benefits of
treatment because events were infrequent and hazard ratios were
small.

Regardless of the disease stage and patient background
characteristics, there is a need for further trials involving UFT
and new agents that are effective in advanced disease, such as
irinotecan, oxaliplatin, and monoclonal antibodies.
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Background: This prospective randomized study compared the survival of patients with tumour node
metastasis (TNNM) stage T2 N1-2 gastric cancer treated by gastrectomy alone or gastrectomy followed
by uracil-tegafur.

Methods: Patients were randomly assigned to surgery alone or to surgery and postoperative
uracil-tegafur 360 mg per m’ per day orally for 16 months. The primary endpoint was overall survival.
Relapse-free survival and site of recurrence were secondary endpoints.

Results: Of 190 registered patients, 95 were randomized to each group; two patients with early cancer
were subsequently excluded from the chemotherapy group. The trial was terminated before the targer
number of patients was reached because accrual was slower than expected. Drug-related adverse effects
were mild, with no treatment-related deaths. At a median follow-up of 6-2 years, overall and relapse-free
survival rates were significantly higher in the chemotherapy group (hazard ratio for overall survival 0-48,
P = 0.017; hazard ratio for relapse-free survival 0-44, P = 0-005), confirming the survival benefit shown
in an interim analysis performed 2 years earlier.

Conclusion: Interim and final analyses revealed a significant survival benefit for postoperative adjuvant
chemotherapy with uracil-tegafur in patients with serosa-negative, node-positive gastric cancer.
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Introduction

Although recent meta-analyses have suggested that
adjuvant chemotherapy provides a significant survival
benefit after curative gastrectomy in patients with locally
advanced gastric cancer'"®, few individual trials have
demonstrated this. Trials of adjuvant chemotherapy have

T'he Editors have satisfied themselves that all authors have contributed
significantly to this publication
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suggested that future studies would require appropriate
selection of the rarget populadon and intensive dosage
regimens based on evidence’. After several multicentre
clinical trials had produced negative results'’=2%, the
present authors designed a new dose escalation study with
a simple regimen of uracil-tegafur in a well defined target
population.

Most previous studies used uracil-tegatur in an adjuvant
context in combination with other drugs. The daily dose
was generally 300-400 mg (188-250 mg/m?), lower than
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that recommended as monaotherapy, to ensure safery™.
Studies with multiple drug regimens have generally shown
negative or marginal survival benefits, although a trial in
patients with moderately locally advanced gastric cancer
of tumour node metastasis (TNM) stage T2 NI1-2
demonstrated better survival after adjuvant chemotherapy
with uracil-tegafur and mitomycin C than surgery alone?’ .

In 1997, the National Surgical Adjuvant Study Group
decided to perform large, simple clinical trials of
uracil-tegafur monotherapy with intensive dosage regi-
mens in breast, colorectal and gastric cancer. In accordance
with the standard dose of uracil-tegafur for advanced gas-
tric cancer’ (response rate 27-5 per cent), 360 mg per m’
per day was used for 5 days, followed by 2 days of rest,
for 16 months. The total dose of uracil-tegafur with this
regimen was almost identical to that used for conventional
multiple drug regimens (210 mg/m? daily for 18 months).
In the present study this regimen alone was used in a well
defined subset of patients who had undergone curative
gastrectomy.

Methods

Eligible patients with T2 NI1-2 gastric cancer who had
undergone curative gastrectomy and extended lymph node
(D2) dissection (complete (R0O) resection) were randomly
assigned to control or chemotherapy groups within 6 weeks

Adjuvant uracil and tegafur in gastric cancer

Table 1 Characteristics of the 188 patients

Sex ratio (M F) 73:22
Median age (years) 63 64
Depth of tumour invasion (pT2)

Muscularis propria 43 48

Subserosa a4 49
Lymph node metastasis*

nl 69 72

n2 24 23
Type of gastrectomy

Total 34 286

Distal 59 67

Proximal 0 2
Lymph node dissection”

D2 80 80

D3 7 8

D4 6 7

*Japanese Classification of Gastric Carcinoma®™.

of surgery. A dynamic allocation technique (modified mini-
mization technique) was used for randomization at a central
registration centre, with N stage (NI or N2) and institu-
tion as adjustment variables. Random allocation was strictly
controlled by an independent National Surgical Adjuvant
Study Group Data Centre, and institutional data monitor-
ing was carried out to avoid investigator-related bias.
Within 6 weeks of surgery, patients allocated to the
chemotherapy group received an oral daily dose of

Fig. 1 CONSORT flow chart
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uracil-tegafur of 360 mg/m’ for 5 days every week for
16 months. Patients allocated to the control group were
followed up with no adjuvant chemotherapy. Eligibility
criteria included histologically proven adenocarcinoma
of the stomach, curative gastrectomy with D2 or
greater lymph node dissection, pathological T2 NI-2
gastric cancer, an Eastern Cooperative Oncology Group
performance status of 0-2, age between 20 and 75 years,
no previous chemotherapy and adequate organ function
(leucocyte count over 4000 per mm’, platelet count above
100000 per mm?, aspartate and alanine aminotransferase
levels lower than twice the upper limit of normal (ULN) at
the centre performing the test, total bilirubin concentration
less than 1.5 times the ULN, blood urea nitrogen level less

Copyright © 2007 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

than 1-5 times the ULN, and creatinine concentration less
than 1-5 times the ULN). Written informed consent was
obtained from all patients after approval of the Institutional
Review Board at each participating centre.

Statistical analysis

The primary endpoint of the trial was overall survival.
Secondary endpoints were relapse-free survival and site
of relapse. Overall and relapse-free survival rates were
calculated using the Kaplan—-Meier method. P values were
derived with the stratified log rank test according to
N stage. Hazard ratios (HRs) were calculated by Cox
regression analysis using N stage as a co-variate.
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Table 2 Adverse events

290192 (32) 10f92(1) 40f94(4) 0of94 (D)

All events
Neutropenia 110f83(13) 00fB83(0) 0of 78(0) Oof 78 (0)
Anaemia 10of91(1) 00of91(0) Dof92(0) O of92(0)
Raised AST level 10f91(1) 0of91(0) 20f92(2) 0of92(0)
Raised ALT level 20f91(2) 0of91(0) 20f92(2) 00f92(0)
Hyperbilirubinemiai 80of89(8) 00of89(0) 20f30(2) 0of 80 (0)
Nausea/vormiting 10f92(1) 00f92(0) Oof84(0) Oof94(0)
Diarrhoea 10f92 (1) 10f92(1) Oof94(0) 0of94(0)
Infection 10f92(1) 00f92(0) 0of 94 (0) 0of94(0)
Anocrexia 60f92(7) 00f92(0) Dof94(0) 00of94(0)
Rash 10f92(1) 00f92(0) 0of94(0) 0of94(0)

Values in parentheses are percentages. *One patient excluded from
chemotherapy group for refusal of drug administration, and one from
control group at patient’s request. tJapan Clinical Oncology Group
criteria”, $More than twice the upper limit of normal. AST, aspartate
aminotransferase; ALT, alanine aminotransferase.

The 5-year overall survival rate of this patient sub-
set (T2 N1-2) was 70 per cent in a previous study®’, and a
33 per cent reduction in the HR was expected (correspond-
ing to a 5-year overall survival rate of 78-8 per cent). The
necessary sample size was 244 patients per group, assum-
ing a 3-year accrual period and 5-year follow-up, with a
statistical power of 80 per cent to achieve a one-sided sig-
nificance level of 0-050. The accrual goal was 500 patients.
All analyses were based on intention-to-treat groups.

An Independent Data Monitoring Committee (IDMC)
monitored the trial. Two interim analyses were originally
planned, 1 and 3 years after all patients had been enrolled.
Significance levels were set at 0:005 and 0-020 (one-sided)
respectively. After closing the registration, the IDMC
decided to undertake a single interim analysis at 2 years,
owing to a lower rate of accrual than anticipated. When
this interim analysis revealed a difference in survival rates
between the two groups, the IDMC did not disclose this
finding to investigators. Second interim and final analyses
were then undertaken as originally planned at 3 and § years.
Adverse events were evaluated using the toxicity grading
criteria of the Japan Clinical Oncology Group®®.

Multivariable analysis was carried out with a Cox
proportional hazards model to identify independent
prognostic factors using treatment group, sex, age group,
depth of invasion and extent of lymph node metastasis as
explanatory variables.

Resuits
As accrual was slower than expected, recruitment of

patients was terminated midway through the trial before

Copyright © 2007 British Journal of Surgery Society Ltd
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the target number of patients was reached. Between June
1997 and March 2001, 190 patients were enrolled in the
study, 95 randomized to the chemotherapy group and 95
to the control group. Two patients were ineligible after
randomization and were excluded from the analysis because
the final pathological report revealed early gastric cancer.
Thus, 188 patients, 93 in the chemotherapy and 95 in
the control group, were included in the intention-to-treat
analysis (Fig. ).

Clinical characteristics of the 188 patients are shown in
Table 1. All major prognostic factors were similar in the
two groups.

Of patients in the chemotherapy group with no
recurrence, 80 per cent (73 of 91) received all scheduled
doses of uracil-tegafur during the first 3 months, and
51 per cent (44 of 86) did so for 16 months. ‘T'wo patients
were withdrawn from treatment as a result of recurrence
during the first 3 months, and seven for recurrence by
16 months.

Adverse events during follow-up are shown in Table 2.
The main events in the chemotherapy group were bone
marrow suppression (grade 3 neutropenia, 13 per cent),
liver dysfunction (grade 3 hyperbilirubinaemia, 9 per cent)
and gastrointestinal dysfunction (grade 3 anorexia,
7 per cent). Grade 4 diarrhoea occurred in one patient
in the chemotherapy group.

At the 2-year interim analysis conducted in December
2003, both overall and relapse-free survival rates were
significantly better in the chemotherapy group. The second
interim analysis was conducted in November 2004 after a
median follow-up of 3.8 years (3 years after registration

100
E 80 - Fsi
P o
- L -
hid - Gl e
@ -
L 60t
8
[+%
]
e 40
L]
Z Chemotherapy
2 20t Control
8
o
1 1 1 1 1 1
0 1 2 3 4 5 6
Time after surgery (years)
No. at risk
Chemotherapy 93 86 82 79 76 66 33
Control 95 78 69 63 63 57 24

Fig. 3 Relapse-free survival in patients in the chemotherapy
group compared with that in the control group. P = 0-005 (log
rank test)
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Table 3 First site of relapse

4
0
Haematogenous 9 14 0-290
Distant lymph nodes 2 1" 0-010
Total no. of relapses 13 28

Some patients had more than one type of recurrence. *y’ test.

was closed). Survival rates remained significantly better in
the chemotherapy group (HR 0-46, 13 per cent difference
in survival at 4 years).

These survival benefits were confirmed by the final
analysis, performed after a median follow-up of 6-2 years
after surgery (5years after registration was closed).
The 5-year overall survival rate was 86 per cent in the
chemotherapy group and 73 per cent in the control group
(P = 0-017) (Fig. 2a). The HR for overall survival in the
chemotherapy group relative to the control group was
0-48 (95 per cent confidence interval (c.i.) 0-26 to 0-89).
Figs 2k and 2¢ show the results of a planned subset
analysis of overall survival according to N1 (HR 0-52
(95 per cent c.i. 0-26 to 1-05); P = 0-061) and N2 (HR
0-40 (95 per cent c.i. 0-12 to 1-34); P = 0-124) status. The
results of a similar analysis of 5-year relapse-free survival
in chemotherapy and control groups are shown in Fig. 3
(85 versus 68 per cent respectively; HR 0.44 (95 per cent
c.i. 0-25 to 0-79); P = 0-005).

Multivariable analysis showed that treatment group (P =
0-021) and sex (P = 0-032) were significant independent
prognostic factors, whereas the other three explanatory
variables were not (age group, P = 0-918; depth of cancer
invasion, P = 0-539; extent of lymph node metastasis,
P = 0.996).

All causes of death included 13 recurrences in the
chemotherapy group, 28 in the control group, two deaths
from other cancers in the chemotherapy group, and one
death unrelated to disease (traffic accident) and one for
unknown reasons in the control group.

Table 3 shows the first sites of relapse in the two groups.
The most common type of relapse was haematogenous
metastasis to the liver. Patients in the chemotherapy group
had a lower incidence of nodal metastatic recurrence.

Discussion

Both the second interim analysis after a median follow-up
of 3-8 years and the final analysis after a median of 6.2 years
showed a significant survival benefit for patients with T2

Copyright © 2007 British Journal of Surgery Sociery Ltd
Published by John Wiley & Sons Led

N1-2 gastric cancer following curative D2 gastrectomy
and adjuvant chemotherapy with uracil-tegafur. Previous
studies of adjuvant chemotherapy have not shown such a
significant benefit’® 32,

Kato and colleagues®* first reported the survival benefit
of adjuvant uracil-tegafur alone in non-small cell lung
cancer after curative surgery. Uracil -tegafur is widely used
in Japan, but not in other countries. This is the first report
to document a significant survival benefit for adjuvant
uracil-tegafur in patients with gastric cancer.

The unexpectedly large difference in survival between
the groups is a cause for concern. Such a significant finding
was unexpected because the number of patients was much
smaller than planned. Slow accrual might have been due
partly to a lack of enthusiasm among investigators for
the use of uracil-tegafur, on the basis of earlier trials.
Some eligible patients might have been enrolled in other
concurrent trials with similar eligibility criteria. Although
some institutional selection bias may have been present,
this was not reflected in the allocation of registered patients.
The interim analysis unexpectedly revealed a HR of 0-46,
corresponding to a 13 per cent difference in 4-year overall
survival rate, at a median follow-up of 3-8 years, reaching
the predefined significance level. The survival difference
continued for more than 5 years after surgery and was
confirmed at the final analysis, after a median follow-up of
6-2 years.

The large reductions in HR for overall and relapse-
free survival may be attributable to several factors. One
is the difference in the clinical stage of disease between
the patients in this and earlier studies conducted by this
group®*-?%, Patients in the present study had T2 N1-2
gastric cancer, whereas the authors’ previous study included
patients with T'1 and T2 N1-2 disease. The exclusion of
T1 cancer from the present study resulted in poorer 5-
year overall survival in the control group than in the
earlier trial, but almost no change in overall survival in
the chemotherapy group, resulting in a significant survival
difference. The difference in survival may therefore have
been attributable to better patient selection, a higher
dosage of uracil-tegafur than used in previous regimens®*
and a long duration of treatment.

A second concern was whether the survival difference
actually resulted from the chemotherapy. Small numbers of
patients per centre might theoretically bias the allocation
of patients to treatment, but there was no evidence of
this. Treatment allocation was strictly controlled by an
independent data centre, minimizing the possibility of bias
related to centre or investigator. The clinical characteristics
of both chemotherapy and control groups were similar,
and only two patients (1-1 per cent) were excluded from
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analysis because of protocol violations (early cancer). The
rate of compliance with treatment was 80 per cent during
the first 3 months of chemotherapy and 51 per cent at the
end of the study, despite the long treatment period. Lower
compliance at the end of the study was due to adverse
events, patient refusal or loss to follow-up. Compliance
rates were consistent with those of other recent trials** =7,

The cause of death was established in most patients. The
incidence of distant lymph node relapse was significantly
lower in the chemotherapy group, suggesting that after D2
dissection adjuvant chemotherapy might have inhibited
the growth of minimal residual tumour in distant nodes.
On subset analysis according to N1 and N2 status, the
survivals of patients in the chemotherapy groups were
almost identical, and the larger difference, though not
statistically significant, in survival rate in patients with
N2 disease might have resulted from a higher rate of
residual cancer in distant nodes after D2 surgery than in
those with N1 disease. No differences were observed in
other types of relapse, such as liver or peritoneal metastasis.
Multivariable analysis showed that treatment group and sex
were significant independent prognostic factors, providing
further evidence that the survival benefit was derived from
adjuvant chemotherapy.

Although not widely used in Western countries until
recently, adjuvant uracil-tegafur treatment appears to

4-36 The survival benefit

be effective in other cancers
achieved with oral uracil-tegafur plus leucovorin s
similar to that with 5-Aluorouracil  and
leucovorin, but with less toxicity, in colorectal cancer.
Adjuvant chemotherapy with uracil-tegafur alone is
effective in patients with non-small cell lung”* and
rectal® cancer. Apart from direct cytocidal activity,
low-dose chemotherapy with uracil-tegafur has been
shown experimentally to have antangiogenic effects on
endothelial cells’”. This could also influence survival.

In the present trial, the main side-effect associated
with uracil-tegafur alone was moderate myelosuppression.
Uracil-tegafur alone is associated with milder side-effects
than when combined with leucovorin®*-*®, The advantages
of survival benefit, mild toxicity and ease of administration
on an outpatient basis make this an attractive approach.
It was on this basis that a further large-scale clinical trial
was recently undertaken in Japan using adjuvant S-1, a

intravenous

successor to uracil—tegafur that is anticipated to be more
effective™,

Patient selection is important in the context of adjuvant
chemotherapy trials. It seems unreasonable to assume that
a given regimen of adjuvant chemotherapy will be effective
for all stages of disease. Conversely, selected groups of
patients might benefit in terms of survival. Similarly, the

Copyright © 2007 Briash Journal of Surgery Society Lid
Published by John Wiley & Sons Lud

Adjuvant uracil and tegafur in gastric cancer

quality of surgery may also be important. D2 gastrectomy
for patients in the present trial carried only a small risk of
stage misclassification.

Whether the present results can be extrapolated
to other countries is important. Provided that D2
gastrectomy can be performed with a high level of
reliability and low perioperative mortality, these results
should be reproducible, because the outcomes of adjuvant
chemotherapy appear to depend largely on the amount of
residual tumour and the quality of surgery*'. Macdonald
and colleagues®” in the USA reported encouraging results
for adjuvant chemoradiotherapy in patients who had
undergone curative gastrectomy. Their results may be
representative as well as reproducible in that country,
where D2 lymph node dissection is not performed
routinely, Inadequate surgery might have resulted in
large amounts of residual tumour in that trial. Adjuvant
chemoradiotherapy may have suppressed locoregional
relapse, thereby compensating for inadequate lymph node
dissection. Although there is no evidence to support
the superiority of D2 over D1 (limited lymph node
dissection) or DO (local) resection®, many Japanese
studies, as well as some reports from high-volume
centres in Western countries, suggest that extended
lymphadenectomy enhances postoperative survival* -+,
The regimen for adjuvant therapy with uracil-tegafur
might produce different outcomes under different surgical
resection standards.

Acknowledgements

The authors are indebted to Professor Derek Alderson,
Department of Surgery, University of Birmingham,
and Professor J. Patrick Barron, International Medical
Communications Centre, Tokyo Medical University, for
assistance with this manuscript. This trial was supported
by the Japan Health Sciences Foundation and by Taiho
Pharmaceutical Company, Tokyo, Japan.

Members of the National Surgical Adjuvant Study of
Gastric Cancer were as follows. Trial Chair: T. Nakajima
(Cancer Institute Hospital, Tokyo). Statistical Analyst: Y.
Ohashi (University of Tokyo, Tokyo). Evaluation Com-
mittee: H. Nakazato (Yokoyama Gastrointestinal Hospital,
Nagoya). Independent Data Monitoring Committee: N.
Saijo (National Cancer Centre Hospital East, Chiba), Y.
Ariyoshi (Marumo Hospital, Aichi), S. Ebihara (National
Cancer Centre Hospital East, Chiba), H. Origasa (Toyama
University, Toyama), M. Fukuoka (Kinki University,
Osaka), T. Mitsuishi (Mitsuishi Law and Patent Office,
Tokyo), T. Tsuruo (University of T'okyo, Tokyo). Partici-
pating Institutions and Principal Investigators: National

www. hjs.co.uk

British Journal of Swrgery 2007; 94: 1368~ 1476

—143—



T. Nakajima, T. Kinoshita, A. Nashimoto, M. Sairenji, T. Yamaguchi, J. Sakamoto et al. 1474

Hospital Organization Sendai Medical Centre, Miyagi
(Y. Kunii, T. Saito); Miyagi Cancer Centre, Miyagi (T.
Fujiva); Yamagata Prefectural Central Hospital, Yama-
gata (N. Fukushima); Ibaraki Prefectural Central Hospital,
Ibaraki (N. Okazaki, Y. Miyata, M. Ohkuwa, H. Ohkura);
Tochigi Cancer Centre, Tochigi (T. Inada); Gunma Pre-
fectural Cancer Centre, Gunma (T. Fukuda, N. Haga);
Saitama Cancer Centre, Saitama (Y. Suda, K. Uchida,
Y. Kawashima); National Cancer Centre Hospital East,
Chiba (T. Kinoshita); Chiba University Hospital, Chiba
(T. Suzuki, Y. Gunji, Y. Nabeya); Cancer Institute Hos-
pital, Tokyo (T. Takahashi, K. Ohta, T. Yamaguchi);
Keio University Hospital, Tokyo (T. Kubota, Y. Otani,
Y. Saikawa); National Cancer Centre Hospital, Tokyo (M.
Sasako); Tokyo Metropolitan Komagome Hospital, Tokyo
(M. Kitamura, K. Arai); Kanto Medical Centre, Nippon
Telegraph and Telephone East Corporation, Tokyo (T.
Konishi); Nihon University Itabashi Hospital, Tokyo (M.
Fujii, T. Takayama); Kanagawa Cancer Centre, Kana-
gawa (M. Sairenji, O. Kobayashi); Niigata Cancer Centre
Hospital, Niigata (J. Sasaki, A. Nashimoto); Kanazawa
University [Hospital, Kanazawa (S. Fushida); Aichi Cancer
Centre Hospital, Aichi (Y. Yamamura); National Hospital
Organization Nagoya Medical Centre, Aichi (K. Kondo,
M. Kataoka); Aichi Cancer Centre Aichi Hospirtal, Aichi
(J. Sakamorto, H. Kojima); Osaka Medical Centre for Can-
cer and Cardiovascular Diseases, Osaka (H. Furukawa,
M. Hiratsuka, I. Miyashiro); National Hospital Organiza-
tion Osaka National Hospital, Osaka (T. Tsujinaka); Sakai
Municipal Hospital, Osaka (M. Tatsuta); Hyogo Cancer
Centre, Hyogo (S. Nakaya, K. Kawaguchi, Y. Kanbara);
National Hospital Organization Kure Medical Centre,
Hiroshima (T. Hashimoto, M. Koseki); Yamaguchi Grand
Medical Centre, Yamaguchi (Y. Kuroda); Kagawa Uni-
versity Hospital, Kagawa (H. Usuki); National Hospiral
Organization Shikoku Cancer Centre, Ehime (A. Kurita);
National Hospital Organization Kyushu Cancer Centre,
Fukuoka (T. Saito, S. Kohnoe, T. Okamura); Kagoshima
University Hospital, Kagoshima (T. Aiko).

References

1 Hermans ], Bonenkamp JJ, Boon MC, Bunt AMG,

Ohyama S, Sasako M et a/. Adjuvant therapy after curative
resection for gastric cancer: meta-analysis of randomized
trials. 7 Clin Oneol 1993; 11: 1441 - 1447,

Hermans J, Bonenkamp JJ. In reply to the editor. 7 Clin Oncol
1994; 12: 879-880.

Nakajima T, Ohta K, Ishihara §, Ohyama S, Nishi M,
Hamashima N. Evaluation of adjuvant chemotherapy in
gastric cancer with meta-analysis. Gan To Kagaku Ryobo 1994;
21: 1800-1805.

(3]

(v

Copyright © 2007 Brinsh Journal of Surgery Socicty Led
Published by John Wiley & Sons Led

4 Pignon J, Decreux M, Rougier P. Meta-analysis of adjuvant
chemotherapy in gastric cancer: a critical reappraisal. 7 Clin
Oncol 1994; 12: 877-878.

EEarle C, Maroun J. Adjuvant chemotherapy after curative

resection for gastric cancer in non-Asian patients: revisiting a

meta-analysis of randomised trials. Eur 7 Cancer 1999; 35:

1059-1064.

6 Mari E, Floriani I, Tinassi A, Buda A, Belfiglio M,
Valentini M ef af. Efficacy of adjuvant chemotherapy after
curative resection for gastric cancer: a meta-analysis of
published randomized trials. A study of the GISCAD
(Gruppe Italiano per lo Studio dei Carcinomi dell’Apparato
Digerente). Anu Oncol 2000; 11: 837-843.

7 Janunger K, Hafstrom L, Nygren P, Glimelius B. A
systematic overview of chemotherapy effects in gastric
cancer. Acta Oncol 2001; 40: 309-326.

8 Panzini I, Gianni L, Fattori P, Tassinari D, Imola M,
Fabbri P er al. Adjuvant chemotherapy in gastric cancer: a
meta-analysis of randomized trials and a comparison with
preveious meta-analyses. Tuznord 2002; 88: 21-27.

9 Nakajima T. Success of adjuvant chemotherapy trials for
gastric cancer. In Multimodality Therapy for Gastric Cancer,
Nakajima T, Yamaguchi T (eds). Springer: Tokyo, 1999;
3-6.

10 Nakajima T, Fukami A, Ohashi I, Kajitani T. Long-term

follow-up study of gastric cancer patients treated with

surgery and adjuvant chemotherapy with mitomycin C. Int 7

Clin Pharmacol 1978; 16: 209-216.

Nakajima T, Fukami A, Takagi K, Kajitani T. Adjuvant

chemotherapy with mitomycin C, and with a multi-drug

combination of mitomycin C, 5-fluorouracil and cytosine

arabinoside after curative resection of gastric cancer. Jpn 7

Clin Oncol 1980; 10: 187 -194.

12 Huguier PH, Destroyes JP, Baschet C, Le Henand F,
Bernard PF. Gastric carcinoma treated by chemotherapy
after resection: a controlled study. Am 7 Surg 1980; 139:
197-199.

13 Blake JR, Hardcastle JD, Wilson RG. Gastric cancer: a
controlled trial of adjuvant chemotherapy following
gastrectomy. Clin Oncol 1981; 7: 13-21.

14 Alcobendas F, Milla A, Estape ], Curto ], Pera C. Mitomycin
C as adjuvant in resected gastric cancer. Ann Surg 1983; 198:
13-17.

15 Fielding JW, Fagg SL, Jones BG, Ellis D, Hockey MS,
Minawa A et al. An interim report of a prospective,
randomized, controlled study of adjuvant chemotherapy in
operable gastric cancer: Britsh Stomach Cancer Group.
World F Surg 1983; 7: 390-399.

16 Nakajima T, Takahashi T, Takagi K, Kuno K, Kajitani T.
Comparison of 5-fluorouracil with frorafur in adjuvant
chemotherapies with combined inductive and maintenance
therapies for gastric cancer. ¥ Clin Oncol 1984; 2: 1366-1371.

17 Allum WH, Hallissey MT, Ward LC, Hockey MS. A
controlled prospective, randomised trial of adjuvant
chemotherapy or radiotherapy in resectable gastric cancer:

wn

-~

www.bjs.co.uk British Journal of Surgery 2007; 94: 1468-1476

—144—



1475

18

1¢

k=]

20

2

26

<

27

interim report. British Stomach Cancer Group. Br 7 Cancer
1989; 60: 739-744.

Allum WH, Hallissey MT, Kelley KA. Adjuvant
chemotherapy in operable gastric cancer: 5 year follow-up of
first British Stomach Cancer Group trial. Lancet 1989; 18:
571-574.

Krook JE, O’Connell MJ, Wiecand HS, Beard RW Jr,

Leigh JE, Kugler JW ez al. A prospective, randomized
evaluation of intensive-course 5-fluorouracil plus
doxorubicin as surgical adjuvant chemotherapy for resected
gastric cancer. Cancer 1991; 67: 2454-2458.

Nakajima T, Okabayashi K, Nakazato H, Imanaga T,

Ohta K, Kinoshita T et /. Effect of MFC-based adjuvant
chemo-therapy in gastric cancer with curative surgery. Jpn 7
Soc Cancer Ther 1994; 29: 654-662.

Lise M, Nitti D, Marchet A, Sahmoud T, Buyse M, Duez N
et al. Final results of a phase III clinical trial of adjuvant
chemotherapy with the modified Auorouracil, doxorubicin,
and mitomycin regimen in resectable gastric cancer. 7 Clin
Oncol 1995; 13: 2757-2763.

Macdonald ], Fleming T, Peterson R, Berenberg J,

McClure S, Chapman R er a/. Adjuvant chemotherapy with
5-FU, Adriamycin, and mitomycin-C (FAM) versus surgery
alone for patients with locally advanced gastric
adenocarcinoma: a Southwest Oncology Group study. Ann
Surg Oncol 1995; 2: 488-494.

Crookes P, Leichman C, Leichman L, Tan M, Laine L,
Stain § et al. Systemic chemotherapy for gastric carcinoma
followed by postoperative intraperitoneal therapy: a final
report. 7 Clin Oncol 1997, 79: 1767-1775.

Rosen H, Jatzko G, Repse S, Potre S, Neudorfer H,
Sandbichler P et #/. Adjuvant intraperitoneal chemotherapy
with carbon-adsorbed mitomycin in patients with gastric
cancer: results of a randomized multicenter trial of the
Austrian Working Group for Surgical Oncology. 7 Clin Oncol
1998; 16: 2733-2738.

Nakajima T, Nashimoto A, Kitamura M, Kito T, Iwanaga T,
Okabayashi K ez al. Adjuvant mitomycin and fluorouracil
followed by oral uracil plus tegafur in serosa-negative gastric
cancer: a randomized trial. Gastric Cancer Surgical Study
Group. Lancet 1999, 354: 273-277.

Nashimoto A, Nakajima T, Furukawa H, Kitamura M,
Kinoshita T, Yamamura Y et a/. Randomized trial of adjuvant
chemotherapy with mitomycin, fluorouracil, and cytosine
arabinoside followed by oral fluorouracil in serosa-negative
gastric cancer: Japan Clinical Oncology Group 9206-1. 7 Clin
Oncol 2003; 21: 2282 -2287.

Ora K, Taguchi T, Kimura K. Report on nationwide pooled
data and cohort investigation in UFT phase II study. Cancer
Chemother Pharmacof 1988; 22: 333-338.

Tobinai K, Kohno A, Shimada Y, Watanabe T, Tamura T,
Takeyama K er al. Toxicity grading criteria of the Japan
Clinical Oncology Group. The Clinical Trial Review
Committee of the Japan Clinical Oncology Group. 7pn 7 Clin
Oncol 1993; 23: 250-257.

Copyright © 2007 British Journal of Surgery Society Lud
Published by John Wiley & Sons Lud

29

30

3l

33

34

36

37

38

39

4

=

41

www.hjs.co.uk

—145—

Adjuvant uracil and tegafur in gastric cancer

Japanese Research Society for Gastric Cancer. Fapanese
Classification of Gastric Carcinoma. Kanehara: Tokyo, 1995,
Fielding JW. The value of a multidisciplinary approach in
the management of gastric cancer. Recent Results Cancer Res
1988; 110: 57-64.

Sano T, Sasako M, Katai H, Maruyama K. Randomized
controlled trials on adjuvant therapy for gastric cancer:
Japanese experience. In Multimodality Therapy for Gastric
Cancer, Nakajima T, Yamaguchi T (eds). Springer: Tokyo,
1999; 7-16.

Douglass HJ, Nava H, Smith J. Multimodality therapy for
completely resected (R0) gastric cancer (excluding Japanese
trials). In Multimodality Therapy for Gastric Cancer,
Nakajima T, Yamaguchi T (eds). Springer: Tokyo, 1999;
17-26.

Kato H, Ichinose Y, Ohta M, Hata E, T'subota N, Tada H
et al. A randomized trial of adjuvant chemotherapy with
uracil-tegafur for adenocarcinoma of the lung. N Engl § Med
2004; 350: 1713-1721.

Feliu J, Gonzalez Baron M, Espinosa E, Garcia Giron C, de
la Gandara I, Espinosa J ef /. Uracil and tegafur modulated
with leucovorin. An effective regimen with low toxicity for
the treatment of colorectal carcinoma in the elderly. Cancer
1997; 79: 1884-1889.

Carmichael J, Popiela T, Radstone D, Falks K, Borner M,
Oza A et al. Randomized comparative study of tegafur/uracil
and oral leucovorin versus parenteral fluorouracil and
leucovorin in patients with previously untreated metastatic
colorecrtal cancer. 7 Clin Oncol 2002; 20: 3617-3627.
Douillard JY, Hoff PM, Skillings JR, Eisenberg P,
Davidson N, Harper P er al. Multicenter phase III study of
uracil-tegafur and oral leucovorin versus fluorouracil and
leucovorin in patients with previously untreated metastatic
colorectal cancer. ¥ Clin Oncol 2002; 20: 3605-3616.
Macdonald JS, Smalley SR, Benedetti J, Hundahl SA,

Estes NC, Stemmermann GN er al. Chemoradiotherapy
after surgery compared with surgery alone for
adenocarcinoma of the stomach or gastroesophageal
junction. N Engl 7 Med 2001; 345: 725-730,

Akasu T, Moriya Y, Ohashi Y, Yoshida S, Shirao K,
Kodaira S, for the National Surgical Adjuvant Study of
Colorectal Cancer. Adjuvant chemotherapy with
uracil—tegafur for pathological stage 111 rectal cancer after
mesorectal excision with selective lateral pelvic
lymphadenectomy: a multicenter randomized controlled
wrial. Fpn 7 Clin Oncol 2006; 36: 237244,

Kerbel RS, Kamen BA. The anu-angiogenic basis of
metronomic chemotherapy. Nat Rev Cancer 2004; 4:
423-436.

Koizumi W, Kurihara M, Nakano §, Hasegawa K. Phase I1
study of S-1, a novel oral derivative of 5-fluorouracil, in
advanced gastric cancer. Oncology 2000; 58: 191-197.
Hundahl SA, Macdonald S, Benedett J, Fitzsimmons T,
Southwest Oneology Group and the Gastric Intergroup.
Surgical treatment variation in a prospective, randomized

British Journal of Surgery 2007; 94: 14681476



T. Nakajima, T. Kinoshita, A. Nashimoto, M. Sairenji, T. Yamaguchi, J. Sakamoto et al. 1476

trial of chemoradiotherapy in gastric cancer: the effect of node count on staging and survival after gastrectomy for

undertreatment. Ann Surg Oncol 2002; 9: 278-286. gastric cancer: data from a large US-population database. 7
42 Bonenkamp JJ, Hermans ], Sasako M, van de Velde CJ, Clin Oncol 2005; 23: 7114-7124.

Welvaart K, Songun 1 et al. Extended lymph-node dissection 44 Peerers KC, Hundahl SA, Kranenbarg EK, Hartgrink H, van

for gastric cancer. Dutch Gastric Cancer Group. N Engl 7 de Velde CJ. Low maruyama index surgery for gastric cancer:

Med 1999; 340: 908-914. blinded reanalysis of the Dutch D1-D2 trial. World 7 Surg
43 Smith DD, Schwarz RR, Schwarz RE. Impact of total lymph 2005; 12: 1576-1584.

If you wish to comment on this, or any other article published in the BFS, please
visit the on-line correspondence section of the website (www.bjs.co.uk). Electronic
communications will be reviewed by the Correspondence Editor and a selection
will appear in the correspondence secton of the Journal. Time taken to produce
a thoughtful and well written letter will improve the chances of publication in the
Journal.

Copyright © 2007 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2007; 94: 1468-1476
Published by John Wiley & Sons Ltd

—140—



International Journal of

HEMATOLOGY
Case Report

Clinical and Immunologic Responses to Very Low-Dose Vaccination with WT1
Peptide (5 pg/Body) in a Patient with Chronic Myelomonocytic Leukemia

Manabu Kawakami,*¢ Yoshihiro Oka.? Akihiro Tsuboi,¢ Yukie Harada.’ Olga A. Elisseeva,’
Yoshio Furukawa,® Machiko Tsukaguchi,’ Toshiaki Shirakata,’ Sumiyuki Nishida,* Hiroko Nakajima,*
Satoshi Morita,® Junichi Sakamoto # Ichiro Kawase,” Yusuke Oji," Haruo Sugiyama®

3Department of Medicine, National Hospital Organization, Osaka Minami Medical Center, Osaka, Japan; "Department of
Respiratory Medicine, Allergy and Rheumatic Diseases, Osaka University Graduate School of Medicine, Osaka, Japan;
<Department of Cancer Immunotherapy, Osaka University Graduate School of Medicine, Osaka, Japan; “Department of
Functional Diagnostic Science, Osaka University Graduate School of Medicine, Osaka, Japan; ¢ Department of Medicine,
Fuchu Hospital, Osaka, Japan; 'Department of Medicine, Sakai Municipal Hospital, Osaka, Japan; *Young Leaders’ Program
of Medical Administration & International Affairs, Graduate School of Medicine Nagoya University, Nagoya, Japan;
"Department of Biomedical Informatics, Osaka University Graduate School of Medicine, Osaka, Japan

Received September 29, 2006; received in revised form February 20, 2007; accepted March 9, 2007

Abstract
The wild-type Wilms tumor gene. WT1, is overexpressed in myelodysplastic syndrome (MDS) as well as acute myeloid
leukemia. In a phase I clinical trial of biweekly vaccination with HLA-A*2402-restricted WT1 peptide for these malignancies,
2 patients with MDS developed severe leukocytopenia in association with a reduction in leukemic blast cells and levels of WT1
messenger RNA (mRNA) after only a single vaccination with 0.3mg of WT1 peptide. These results indicated that the WT1-
specific cytotoxic T-lymphocytes (CTLs) elicited by WT1 vaccination eradicated the WT1-expressing transformed stem or pro-
genitor cells and that MDS patients with little normal hematopoiesis required a new strategy of WT1 vaccination to avoid
severe leukocytopenia. We describe the first trial for a 57-year-old male patient with chronic myelomonocytic leukemia who
was vaccinated biweekly with a small quantity (5 ug/body) of WT1 peptide. After the start of vaccination, the leukocyte and
monocyte counts (13,780/uLL and 1930/uL, respectively) gradually decreased to within the normal range in association with a
reduction in the WT1 mRNA level. Simultaneously, the percentage of WT1-specific CTLs as measured by the HLA-WT]1
letramer assay increased. This case demonstrates for the first time that vaccination with as little as 5 ug of WT1 peptide can
induce WT1-specific immune responses and resultant clinical responses.
Int J Hematol. 2007,85:426-429. doi: 10.1532/1JH97.06194
© 2007 The Japanese Society of Hematology

Key words: Wilms tumor gene; WT1; Cancer vaccine: Myelodysplastic syndrome (chronic myelomonocytic leukemia)

1. Introduction tumors, and plays an essential role in leukemogenesis and
tumorigenesis. Our preclinical studies indicated that the WT1

The wild-type Wilms tumor gene, WT1, is overexpressed in gene product could be a good target antigen for immunother-
acute myeloid leukemia (AML), acute lymphoblastic  apy against these malignancies [1-3]. Therefore, we performed
leukemia, chronic myelogenous leukemia, and myelodysplas-  a phase [ clinical study of WT1 peptide-based immunother-
tic syndrome (MDS), as well as in various types of solid apy for patients with breast or lung cancer, AML, or MDS [4].
The patients were injected intradermally at 2-week intervals
with an HLA-A*2402-restricted, natural, or modified 9-mer

Correspondence and reprint requests: Haruo Sugiyama, WT1 peptide (residues 235-243) emulsified with Montanide
Department of Functional Diagnostic Science, Osaka University ISA-51 adjuvant at 0.3, 1.0, or 3.0mg/ body [5,6]. Twenty-six
Graduate School of Medicine. 1-7 Yamada-oka, Suita-City, Osaka patients received 1 or more WT1 vaccinations. In all of the
565-0871, Japan: 81-6-6879-2597; fax: 81-6-6879-2597 (c-mail: patients except the 2 MDS patients included in the clinical
sugiyama@sahs.med.osaka-u.ac.jp). study, no toxicity other than local erythema at the WT1
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vaccine-injection sites was observed. In the 2 MDS cases (one
was AML transformed from MDS and the other was MDS
with myelofibrosis), however, only a single vaccination with
0.3 mg of modified WT1 peptide induced severe leukocytope-
nia in association with a rapid increase in WT1-specific cyto-
toxic T-lymphocytes (CTLs). We observed reductions in both
the leukemic blast cells and the levels of WT1 messenger
RNA (mRNA), which reflected the amount of leukemic blast
cells in the bone marrow (BM) [7]. These results indicated
that the WT1-specific CTLs elicited by WT1 vaccination erad-
icated the WT1-expressing transformed stem or progenitor
cells and consequently reduced the leukocytes, most of which
were derived from the transformed stem or progenitor cells.
This severe leukocytopenia indicated that WT1 vaccination
had high potential as immunotherapy for MDS but required
a new WT1-vaccination strategy that avoids severe leukocy-
topenia. With the aim of slowly inducing WT1-specific CTLs
and thereby avoiding severe leukocytopenia, we are now
performing a phase I dose-escalation study of biweekly WT1
vaccination at much reduced doses (5, 15, or 50 ug/body) to
be given to 3 MDS patients. It is impossible to optimize the
WTTI peptide dose for vaccination in mouse models, because
the immunologic sensitivities of tumor-associated antigen
(TAA)-derived peptides of mice and humans are quite dif-
ferent. Therefore, we have to optimize the dose directly in
clinical trials. For the safety of MDS patients, we considered
that a 1- to 2-log reduction of the dose used in the previous
trial (0.3 mg) would be suitable as the initial dose; conse-
quently, we decided to vaccinate MDS patients in this clinical
trial with peptide at the 3 doses noted above (5, 15, or
50 ug/body).

We present a patient with chronic myelomonocytic
leukemia (CMML) who was vaccinated biweekly with a
small quantity (5 ug/body) of WT1 peptide and who achieved
a gradual reduction in leukocytes.

2. Patients and Methods
2.1. Patients

The phase I clinical study of WT1 vaccination for MDS
patients was approved by the ethics review board of the Fac-
ulty of Medicine, Osaka University. Patients aged 16 to 80
years with MDS (refractory anemia with excess of blasts
(RAEB),CMML, RAEB in transformation, and MDS-AML
in the French-American-British classification) were eligible
for the study if no other therapy including allogeneic
hematopoietic stem cell transplantation was indicated as a
standard therapy. Other inclusion criteria were as follows:
(1) overexpression of the WT1 gene in BM or peripheral
blood (PB) samples as determined by reverse transcriptase—
polymerase chain reaction (RT-PCR) analysis; (2) HLA-
A*2402 positivity; (3) a performance status of 0 to 1 (Eastern
Cooperative Oncology Group); (4) no severe impairment of
organ function; (5) a neutrophil count =500/uL, a platelet
count =225,000/ul, and a hemoglobin level 26.5 g/dL;
(6) <20% blast cells in the BM and PB; (7) no chemotherapy,
immunotherapy, immunosuppressive therapy, or radiother-
apy administered within 4 weeks before WT1 vaccination;
(8) no previous allogeneic stem cell transplantation.

2.2. WT1 Peptide

For immunization, we used a modified 9-mer WT1 peptide
(residues 235-243, CYTWNQMNL) with substitution of Y for
M at position 2 of the natural 9-mer WT1 235-243 peptide
(CMTWNQMNL) [5,6]. The modified WT1 peptide has been
shown to induce much stronger CTL activity against WT1-
expressing tumor cells than the natural peptide [6]. The WT1
peptide (GMP grade) was purchased as a lyophilized peptide
from Multiple Peptide Systems (San Diego, CA, USA).

2.3. Vaccination

After written informed consent was obtained, the patients
received a skin test. If the results were negative, we sched-
uled intradermal injections of WT1 peptide emulsified with
Montanide ISA-51 adjuvant at 2-week intervals. We planned
to escalate the WT1 peptide doses from Sug to 15ug or
50 ug, each of which was to be given to 3 patients.

2.4. RT-PCR Analysis for Quantitation of WT1
mRNA Levels

WT1 mRNA levels in PB samples were measured by real-
time RT-PCR analysis and were expressed relative to the level
in K562 leukemia cells, as has previously been described [8].

2.5. HLA-A*2402/WTI Peptide Tetramer Assay for
WTI-Specific CD8* T-Cells

PB mononuclear cells (PBMCs) were stained with phyco-
erythrin (PE)-conjugated HLA-A*2402-WT1 235-243
tetramer (WTI1-Tet) (MBL, Tokyo, Japan) in fluorescence-
activated cell sorting (FACS) buffer (phosphate-buffered
saline containing 2% fetal bovine serum) for 30 minutes at
37°C. Subsequently, the cells were stained for an additional
25 minutes on ice in the dark with 5 additional colors of
fluorescently labeled monoclonal antibodies: fluorescein
isothiocyanate-labeled anti-CD4, -CD14,-CD16,-CD19, and
-CD56; allophycocyanin (APC)/Cyanine 7 (Cy7)-labeled
anti-CD8; APC-labeled anti-CD45RA; PE/Cy7-labeled anti-
CCR7 (BD Pharmingen, San Diego, CA). The cells were
then washed twice with FACS buffer and analyzed with a
FACSAria instrument (BD Biosciences, San Jose, CA, USA).
WT1-Tet* CD8* T-cells, which were negative for such lineage
markers as CD4, CD14, CDI16, CD19, and CD56, were
considered to represent WT1-specific CD8" T-cells, and the
percentage of WT1-Tet” cells among the CD8* T-cells was
measured. As a negative control, PBMCs were also stained
with PE-labeled irrelevant HLA-A*2402-HIV envelope
peptide (RYLRDQQLL) tetramer (Ir-Tet) instead of WT1-
Tet and according to the same procedure.

To investigate the differentiation status of WT1-Tet*
CD8* T-cells, we also analyzed CD45RA and CCR7 expres-
sion in the WT1-Tet” CD8* T-cell fraction.

3. Case Report

A 57-year-old man received a diagnosis of AML M5b in
May 1999. The karyotype of the BM cells was 45, X.-Y. This

—148—



428 Kawakami et al / International Journal of Hematology 85 (2007) 426-429

WT1 peptide, § pg/body
IR TEZE IR 2R 2R

10-¢

WT1 mRNA
Levels
119

- 4

b

-

Weeks

Figure 1. Clinical course of WT1 vaccination. Upper panel. the time
courses for counts of white blood cells (open circles), monocytes (closed
circles), and myelocytes plus metamyelocytes (open squares). Lower
panel, relative levels of WT1 messenger RNA (mRNA) in the peripheral
blood.

patient achieved complete remission with the disappearance
of the abnormal karyotype by induction therapy with
daunorubicin and enocitabine. The patient subsequently
underwent 3 courses of consolidation therapy and 4 courses
of maintenance therapy. In January 2001, although BM mor-
phologic findings indicated the maintenance of complete
remission, complex abnormal karyotypes, including t(3:18)
(g25:q21), were detected in 7 of 20 analyzed BM cells, indi-
cating the development of a secondary hematologic malig-
nant disorder. BM cells with abnormal karyotypes, including
add(1)(g32), add(3)(q21), and add(18)(q21), appeared and
reached 100% in March 2004, despite the administration of
10 courses of chemotherapy with a cytarabine-containing
regimen. Thereafter, total white blood cells (WBCs), mono-
cytes, and immature leukocytes (myelocytes and metamyelo-
cytes) gradually increased without chemotherapy. On July
23, 2004, the WBC count reached 13.780/uL., and a WBC
analysis showed 10% myelocytes, 5% metamyelocytes, 7%
stab neutrophils, 47% segmented neutrophils, 16% lympho-
cytes, 1% eosinophils, and 14% monocytes (1930/ul). A BM
aspirate revealed 1.4% blasts among the nucleated cells.
Thus, the patient’s diagnosis was secondary CMML, in accor-
dance with this disease’s diagnostic criteria. Because the
patient satisfied the inclusion criteria (HLA-A*2402*, abnor-
mal levels of WT1 mRNA in the PB or BM, and neutrophil
counts >500/uL in the PB) for the vaccine protocol approved
by the Institutional Ethics Committee of Osaka University,
we started biweekly WT1 vaccination with modified WT1
peptide (5 pg/body) on July 27,2005 (Figure 1). After the first
WT1 vaccination, WBC, monocyte, and immature cell counts
gradually decreased to within the normal range. During WT1
vaccination, the percentage of blast cells in the BM stayed at
approximately 1.0%, and the karyotypes of BM cells
remained abnormal in all 20 cells analyzed. The levels of
WT1 mRNA in the PB relative to the level in K562 cells
(defined as 1.0; the upper limit of the normal range in PB
was 1.0 x 10™) decreased from 2.9 x 10~ before vaccination

tol.l x 107, 1.7 x 10*, and 1.5 x 10~ on weeks 4, 8, and 12,
respectively. On week 15, however, WBC, monocyte, and
immature cell counts increased to 17,260/ul, 8460/uL, and
710/uL, respectively, in association with a rapid increase in
WT1 mRNA levels in the PB to 2.9 x 107, indicating aggra-
vation of the CMML.

To analyze immune responses to the WT1 vaccination, we
measured the percentage of WT1-specific CD8" T-cells in PB
CD8* T-cells by staining CD8" T-cells in PB with PE-labeled
WTI-Tet. As a negative control, the samples were also
stained with Ir-Tet instead of WT1-Tet. Ir-Tet™ cells were neg-
ligible (Figure 2A, right). WT1-Tet* cells were detected at a
percentage of 0.04% = 0.02% (mean + SD) of the CD8"
T-cells in 5 healthy volunteers (Figure 2A, center). Recently,
T-cells have been phenotypically classified into 4 differentia-
tion stages according to their expression of CD45RA and
CCR7. the naive stage (CD45RA*CCRT7"), the central mem-
ory stage (CD45RACCR7"), the effector memory stage
(CD45RA-CCRT), and the terminal differentiated effector
stage (CD45RA*CCR7"). The majority of WT1-Tet* CD8" T-
cells (80.0% = 8.4%) in the 5 healthy volunteers belonged to
the naive stage (Figure 2B, center). In the present case, the
percentage of WT1-Tet" CD8" T-cells was as low as 0.018%
before vaccination (Figure 2A, left). In our patient, however,
much higher proportions of WT1-Tet* CD8" T-cells were
found in the central memory, effector memory. and terminal
dilferentiated effector stages (33.0%, 40.0%, and 14.8%,
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Figure 2. Flow cytometric analysis of peripheral blood mononuclear
cells (PBMCs) with HLA-WTT tetramer. A, PBMCs derived from
the patient (left) and a healthy volunteer (center) were stained with phy-
coerythrin (PE)-conjugated HLA-A*2402-WT1 235-243 tetramer
(WT1-Tet’). The samples were stained with PE-labeled irrelevant HLA-
A*2402-HIV envelope peptide tetramer (Ir-Tet) as a negative control
(right), instead of WT1-Tet. Dot plots were gated on CD8* T-cells, which
were negative for CD4, CD14, CD16, CD19, and CD56. The frequencies
of WT1-Tet" cells. which represented WT1-specific T-cells in the gated
CD8" T-cells, were measured. B. WT1-Tet” CD8" T-cells derived from
the patient (left) and a healthy volunteer (center) were phenotypically
classified into 4 differentiation stages according to their expression of
CD45RA and CCR7: naive stage cells (CD4SRA*CCR7"), central
memory stage cells (CD4SRACCR7'), effector memory stage cells
(CD45RACCR7"), and terminal differentiated effector stage cells
(CD45RA*CCRT").
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Figure 3. The percentage and differentiation status of WT1-Tet* CD8"
T-cells before and after WT1 vaccination. The percentage of WT1-Tet”
cells among the CD8* T-cells in the patient’s peripheral blood mononu-
clear cells and their differentiation status were serially analyzed during
the vaccination period.

respectively; Figure 2B, left) than in the healthy volunteers.
During the vaccination period, the percentage of WTI-Tet*
cells increased to 0.029%, 0.032%, and 0.075% on weeks 4, 8,
and 12, respectively, and their differentiation status did not
substantially change from that before vaccination (Figure 3).
After aggravation of the disease, we could not obtain blood
samples for immunologic analysis because induction
chemotherapy began immediately.

4. Discussion

This case demonstrated for the first time that vaccination
with as little as 5 pg of WT1 peptide could induce WT1-
specific immune responses and resultant clinical responses.
Various kinds of TAA-derived peptides have conventionally
been administered at doses ranging from 0.1 to 3.0mg,
and the administration dose of the peptide is not considered
to correlate with the extent of the TAA-specific immune
response elicited by the vaccination [9]. The immune
response to WT1 peptide vaccination may be dose depend-
ent, however, especially in MDS, because administration of
0.3mg and 5ug of WTI1 peptide induced rapid and slow
reductions, respectively, in the numbers of abnormal
hematopoietic cells.

In the present case, leukocyte counts gradually decreased,
and no infectious disease developed, suggesting that vaccina-
tion with very low doses of WT1 peptide may become a safe
method for use in MDS cases. After the fifth vaccination,
leukocyte counts began to increase slowly, and then became
rapidly elevated after the eighth vaccination. If the dose of
WT1 peptide used for vaccination had been increased when
the leukocyte count had begun to increase, aggravation of
the disease might have been prevented; however, the proto-
col prohibited increasing the WT1 peptide dose.

The frequency of WT1-Tet™ CD8* T-cells before vaccina-
tion was much lower in this case (0.018%) than the frequen-
cies for the 2 MDS patients (0.98% and 0.62%) and the 12
patients with de novo AML (0.31% = 0.25%) who were vac-
cinated in our former phase I clinical study of WT1 peptide

vaccination at doses of 0.3 mg. 1 mg, or 3 mg [4]. Despite such
a low frequency of WT1-Tet* CD8* T-cells in this case. a
higher proportion of them had the central memory, effector
memory, or terminal differentiated effector phenotype
before and after vaccination, indicating that WT1-Tet* CD8*
T-cells had already been highly activated and differentiated
before vaccination, in contrast to the cells in healthy volun-
teers. In our previous phase 1 clinical study, the clinical
responses (tumor regressions in 2 breast cancer patients and
reductions of tumor markers in 3 lung cancer patients, mor-
phologically detected leukemic blasts in 2 cases. and minimal
residual leukemic cells detected with WT1 gene expression
analysis in 5 cases) were significantly correlated with a =1.5-
fold increase in the WT1-Tet® CD8" T-cell frequency after
the vaccination. Similarly, the percentage of WT1-Tet" cells
in this case increased more than 1.5-fold after the vaccina-
tion, suggesting that the vaccination enhanced WT1-specific
immune responses and induced a clinical response.

This case suggested that vaccination with very low doses
of WT1 peptide might become a safe and effective therapy
for MDS patients. This conclusion should be confirmed by
further studies with a larger number of patients.
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