,8
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The proportion of AIDS cases whose risk was not reported
was extremely high in Japan. This is due to the fact that, in
Japan, the physician in charge investigates the route of infec-
tion only at the time of diagnosis, and further inquiries are not
conducted. For HIV-infected cases, the proportions were also
substantially high in other countries. However, it should be
noted that, in all countries, except Japan, this exposure cate-
gory included cases that were currently being followed up by
local health department officials. Individuals whose routes of
infection are identified in the follow-up will be reclassified into
the appropriate exposure categories.

Increasing trends af the onset of the epidemic

The increasing trend in Japan at the onset of the epidemic
was extremely slow compared to other industrialized coun-
tries. This was due to the fact that, in Japan, there were few
cases infected through MSM and/or IDU. The increasing
trend in the number of cases infected through heterosexual
contact was also relatively slow in Japan. The reason for this
seems to be that in Japan those who tested positive were older
as shown in Table 3. It is assumed that the sexual activity of
such individuals is lower than that of individuals in their 20’s
and 30's. Information regarding heterosexual contact accord-
ing to the exposure risk of partners was obtained from the UK
surveillance'®. Figure 4'® shows the trends for the number of
women infected through heterosexual contact. At the onset
of the epidemic, there were more cases with partners at high
risk such as IDU and MSM, and the cases whose partners
were not at high risk began to increase thereafter. This result
suggests that, in Japan, it might be necessary to examine
trends in the number of reported cases through heterosexual
contact according to the risk of partners. Such analysis will
be possible if such information is added to the current surveil-
lance report forms in the future.
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Phase Il study of radiotherapy combined with gemcitabine for
locally advanced pancreatic cancer

T Okusaka™', Y Ite?, H Ueno', M Ikeda', Y Takezako', € Morizane' Y Kagami® and H Ikeda®
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Gemcitabine has been reported to be a potent radiosensitiser in human pancreatic cell lines. This study was conducted to evaluate
the efiicacy and toxicity of radiotherapy combined with gemcitabine for locally advanced pancreatic cancer. In all, 42 patients with
pancreatic cancer that was unresectable but confined to the pancreatic region were treated with external-beam radiation (50.4 Gy in
28 fractions over 5.5 weeks) and weeldy gemcitabine (Z50mg m~2, 30-min infusion). Maintenance gemcitabine {1000 mgm ™ weekly
x 3 every 4 weeks) was initiated | month after the completion of the chemoradiotherapy and continued until disease progression or
unacceptable toxicity. Of the 42 patients, 38 (90%) completed the scheduled course of chemoradiotherapy. The major toxicity was
leucopenia and anorexia, There was one death attributed to duodenal bleeding and sepsis. The median survival time was 9.5 months
and the |-year survival rate was 28%. The median progression-free survival time was 4.4 months, In 35 patients with documented
disgase progression at the time of analysis, 34 (97%) showed distant metastasis as the cause of the initial disease progression. The
chemoradiotherapy used in this study has a moderate activity against locally advanced pancreatic cancer and an acceptable toxicity
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Pancreatic cancer is the fourth leading cause of cancer death in the
United States and the fifth leading cause in Japan. The statistics
indicate a rapid increase in the number of deaths and the death
rate due to pancreatic cancer in Japan, but the precise reasons are
not clear, except for smoking. Pancreatic cancer in most patients is
surgically unresectable at the time of diagnosis because of the
difficulty of early detection of this disease. For patients with locally
advanced pancreatic cancer, chemoradiotherapy has been accepted
as standard treatment becaunse the results of previous randomised
trials have indicated that concurrent external-beam radiation
therapy and 5-fluorouracil {5-FU) therapy results in a significantly
longer survival time than radiotherapy (Moertel et al, 1969
Gastrointestinal Tumor Study Group, 1981) or chemctherapy
alone {Gastrointestinal Tumor Study Group, 1988). In atternpts to
improve the efficacy of the treatment, numerous trials using
modified approaches of chemoradiotherapy have been conducted
{Chakravarthy and Abrams, 1997; Okada, 1999). However, there
has not yet been a regimen that has demonstrated superiority over
conventional chemoradiotherapy performed in randomised con-
trolled trials,

Gemcitabine is a novel deoxycytidine analog, which has
demonstrated significant clinical benefit and survival improve-
ment compared with 5-FU in patients with advanced pancreatic
cancer (Burris et al, 1957). Gemcitabine has also been shown to be

*Correspondence: Dr T Okusaka; E-mail: tokusaka@nce.goip
Received 29 March 2004; accepted 24 May 2004; published online 29
June 2004

profile. Future investigations for treatment with more systemic effects are warranted.
British Journal of Cancer (2004) 91, 673—677. doi:10.1038/5bjc.66G2001
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a potent radiosensitiser in human pancreatic and other solid
tumour ceil lines (Lawrence et al, 1996; Shewach and Lawrence,
1996; van Putten et al, 2001), suggesting that the combination of
radiotherapy and gemcitabine may improve survival in patients
with locally advanced disease. A phase I trial that was conducted in
our hospital determined the recommended dose of weekly
gemcitabine for the phase 1I chemoradiotherapy trial to be
250 mgm ™2 (lkeda et al, 2002), We report our results of the phase
11 study that was conducted to clarify the efficacy and toxicity of
concomitant chemoradictherapy with gemcitabine in patients with
locally advanced pancreatic cancer.

PATIENTS AND METHODS

Patients eligible for this study had locally advanced pancreatic
cancer for which they had not received any anticancer treatment.
Each patient was required to meet the following eligibility criteria:
pathological proof of adenocarcinoma of the pancreas; an Eastern
Cooperative Oncology Group (ECOG) performance status of 0-2;
adequate bone marrow reserve (white blood cell count
>4000 mm®, platelet count >100000mm®, haemoglobin level
=1logdl™y adequate renal function (normal serum creatinine
and blood urea nitrogen fevels, and a creatinine clearance level
>60mgmin~ '} a serum aspartate aminotransferase (AST) level
<25 times upper normal limit (UNL); a serum alanine
aminotransferase (ALT} level <25 times UNL; and written
informed consent. Patients with obstructive jaundice were
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required to have a serum total bilirubin level of less than
2.0mgdl™ after biliary drainage, Pretreatment staging included
ultrasonography and dynamic computed tomography (CT) scans
of both the abdomen and the chest. The possibility for resection of
the local tumour was assessed by dynamic CT and/or angiography.
OGbstruction or bilateral invasion of the portal vein and/or tumour
encasement of the celiac or superior mesenteric arteries was
considered to be unresectable. Patients were excluded if they met
the following criteria: concomitant malignancy, pleural andfor
peritoneal effusion, active ulcer of the gastrointestinal tract, active
infection, severe heart disease, pregnant or lactating females, or
other serious medical conditions. The goal was set at 40 eligible
patients. This number of patients was planned using a design
based on the assumptions that the median survival time in
conventional chemoradiotherapy was 10 months, expected median
survival fime was 14 months, type I error was 5% (one-tailed) and
statistical power was 70%.

Radiotherapy was delivered via a racetrack microtron (MM50,
Scanditronix, Upsala, Sweden) with a 25 MV X-rays. A total dose of
50.4 Gy was delivered in 28 fractions over 5.5 weeks. All patients
had treatment planning, CT scans (X-vision, Toshiba, Tokyo) and
BOCUS (version 3.2.1, CMS, St Louis, MO, USA) was used as a
radiotherapy treatment planning system. Clinical target volume
(CTV) included the primary tumour, nodal invelvement detected
by CT scan and regional draining and paraaortic lymph nodes,
which included the peripancreatic nodes, celiac and superior
mesenteric axes. Planning target volume was defined as CTV plus a
10-mm margin. Four field techniques (anterior, posterior and
apposed lateral fields) were used. Spinal cord dose was maintained
below 45 Gy and 250% of liver was limited to <30Gy, =50% of
both kidneys were limited to <20Gy.

Gemcitabine at a dose of 250mgm ™ was given intravenously
over 30min starting 2h before radiotherapy weekly for 6 weeks.
This schedule was based on an in vitre study which revealed that
gemcitabine induced its radiosensitising effect in cells within 2h
{Lawrence et al, 1997). Toxicity was assessed according to the
National Cancer Institute - Common Toxicity Criteria version 2.0.
When grade 3 haematological toxicity, serum creatinine of 1.5-2.0
times UNL, total bilirubin level of 3.¢-5.0 times UNL, serum AST/
APT of 5.0-10 times UNL andfor grade 2 nonhaematological
toxicity (excluding nausea, vomiting, anorexia, fatigue, constipa-
tion, alopecia and dehydration) were observed, gemcitabine
administration was omitted and postponed to the next scheduled
treatment day. The radiotherapy was also suspended, and then
resumed when the toxicities recovered. In patients who experi-
enced the above adverse effects, dose reduction of gemcitabine to
200mgm™ was allowed in subsequent administrations. The
combined treatment was discontinued when grade 3 leucopenia
andfor neutropenia with high fever, grade 4 haematological
toxicities after dose reduction of gemcitabine, serum creatinine
of > 2.0 times UNL, total bilirubin level of > 5.0 times UNL, serum
AST/APT of >10 times UNL, grade 3 or 4 nonhaematological
toxdcities (excluding nausea, vomiting, anorexia, fatigue, constipa-
tion, alopecia and dehydration), grade 4 vomiting, a total of 2
weeks of delay due to toxicity for any reason or tumour
progression were abserved. At 1 month after the completion of
chemoradiotherapy, maintenance chemotherapy of gemcitabine at
a dose of 1000 mgm ™2 was administered as a 30-min intravenous
infusion weekly for 3 weeks with l-week rest until disease
progression or unacceptable toxicity. Follow-up CT was performed
within 1 week after the completion of chemoradiotherapy, and
thereafter every 2 months to evaluate tumour response according
to the WHO criteria (World Health Organization, 1979).

Progression-free and overall survival times were calculated from
the first day of treatment using the Kaplan - Meier method (Kaplan
and Meier, 1958). Serum CA 19-9 levels were measured monthly by
a radicimmunometric assay using the Centocor radicimmunoas-
say kit (Centocor, Inc., Malvern, PA, USA).

British Journal of Cancer (2004} 91(4), 473-677

RESULTS

Patients and treatments

In all, 42 patients were enrolled in the study between July 2001 and
July 2002. Patient characteristics are listed in Table 1. A total of 38
patients (90%) received the full regimen of chemoradiotherapy,
and the remaining four patients {10%) discontinued the treatment
after 18,0-45.0Gy. The reasons for the treatment discontinuation
were elevated serum ALT of >10 times UNL (two patients),
duodenal bleeding (one), and patient’s refusal of treatment due to
general fatigue {one). After discontinuation of the chemora-
diotherapy, the two patients who showed the ALT elevation
suspected as gemcitabine-related toxicity received chemora-
diotherapy using 5-FU, and the other two patients -underwent
only supportive care. Of 241, 30 (12%) planned gemcitabine
injections (0.7 injections per patient) were omitted owing to
adverse events including grade 2 or more leucopenia andjor
neutropenia, grade 2 fever, grade 2 skin rash and patient’s refusal
due to nausea, vomiting or fatigue. In three patients who showed
grade 4 leucopenia and/or neutropenia, the dose of gemcitabine
was ntodified in subsequent injections. Maintenance chernother-
apy was initiated in 23 of the 38 patients who completed the full
regimen of chemoradiotherapy. Of the remaining 15 patients,
seven showed deterioration of general condition due to disease
progression before initiating the chemotherapy, seven refused the
treatment due to appetite loss (4) or general fatigue (3) and one
transferred to another hospital (1).

Response and survival

Tumour response was determined in 40 patients. Two patients
were excluded from the protocol efficacy analysis because their
treatment was switched over to chemoradiotherapy using 5-FU
before the response evaluation due to the ALT elevation. Nine
patients (21%) achieved a partial response, 26 (62%) remained
stable and five (1295) showed progressive disease demonstrated by
the development of distant metastases. No patients could undergo
tumour resection even after the completion of chemoradiotherapy
because of infiltration of the adjacent large vessels. In 22 {76%) of
the 29 patients with 2 pretreatment serum CA19-9 (catbohydrate
antigen 19-9) level of 100 Uml™" or greater, the level was reduced
more than 50% within 14 weeks after initiation of treatment,

Table | Patient characteristics
tumber of patients 42
Gender

Male 19 (45%)

Fernale 23 (55%)
Age {years)

Median (range) 59 (43-73)
ECOG performance status

0 12 (29%)

l ’ 30 (71%)
Tumour location

Head 21 {50%)

Body-tait 21 (50%)
CEA {pgml™)

Median {range) I {40-627)

CAI9-9 Umi™!)

Median (range) 2775 (1 -15620)

ECOG = Eastern Cooperative Oncology Group; CEA = carcinoembryonic artigen;
CA19-9 = carbohydrate antigen 199,

© 2004 Caricer Research UK
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A total of 35 patients documented disease progression at the
time of analysis. The initial sites of disease progression are listed in
Table 2, The pattern of failure was distant metastases in 33 patients
(94%), local-regional recurrence in one patient (3%) and both in
one patient (3%). The median progression-free interval and the
median survival time were 4.4 and 9.5 months, respectively. The
overall 1- and 2-year survival rates were 28 and 23%, respectively
{Figure 1),

Toxicity

The acute toxicity is summarised in Table 3. The haematological
toxicity was relatively brief and reversible in most patients. Grade
3-4 leucopenia and neutropenia occurred in 22 (52%) and 14
(33%) of the patients, respectively. Grade 3 thrombocytopenia
accurred in one patient (29) on the day after the chemoradiother-
apy completion. The patient, who showed grade 4 anaemia,
suffered catastrophic duodenal bleeding requiring embolisation
under angiography. She exhibited cholangitis and sepsis subse-
quently and died on day 63.

The most common nonhaematological toxicity was anorexia,
which was observed in 38 patients (96%). In total, 14 patients
(339} requited intravenous hyperalimentation. In all, 33 patients
{79%) complained of fatigue and one of them refused continuation
of the chemoradiotherapy. Nine patients (21%) experienced grade
3 nausea. Liver function abnormality was another major adverse
effect. Four patients (10%) showed grade 3 elevation of serum
transaminase levels. Two of them discontinued the treatments after
19.8 and 21.6 Gy, respectively, due to serum ALT elevation of 10
times UNL according to the protocol criteria (maximum level: 452
and 435 U171, although the sernm ALT levels of both recovered

Table 2 Patterns of initial disease progression

Local No. (%)

Distant metastasis 33 (94
Peritoneum 17 {49)
Liver 15 (43)
Lymph node b3
Ovary (D
Bone | (3)

Local and distant metastasis L (3

100 1
g
2
©
= B0
g Qverall survival
c
ps ]
73]
Progression-free
survival
Q-
T T T T T
0 & 12 18 24 30
Months after treatment
Figure | Progression-free survival and overall survival curves of patients

with focally advanced pancreatic cancer receiving radiotherapy with
gemcitabine.

© 2004 Cancer Research UK
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Table 3 Acute toxidity

Grade LN eSS 2(%) 3 (%) 4 (%)

Haematological toxicty
Leucocytopenia 3 i7 (40) 21 {50y i {2)
Neutrapenia 92N I5 (36) 1 (26) 37
Thrombcoytopenia 22 (52) 2(5) {(2) a0
Anaemia 2t (50) 17 {40} 0 (0) (2

Nonhaemotological toxicity
Total bilirubin 10 (24) 5(12) | 2) 0 (0)
AST 14 (33} 5(12) 1 (2) (0}
ALT 15 {36} H (26} 4 {10y 0(0)
ALP 15 (36) 512 0 0(0)
Creatinine o0 0 {0) oM 0 (0
Anorexia 220 5 {i2) 10 (24) 14 (33)
Nausea i (26) 11 (28} g2 0(0)
Vomiting 10 (24) 77 0 00
Diarrhoea 1 1 (& 0 00y
Mucositis VX (1)} 0 (0) 0 ©) 0 (0
Duodenal ulcer 0 (O 00y 00 12 (2)
Fatigue i7 (403 14 (33) 25 o0
Skirs rash 0 b 0 V)
Infection 0 (AN (8)] 0 12(2)

AST=aspartate aminotransferase; ALT =alanine aminotransferase; ALP = alkaline
phosphatase. *One patient died of duodenal bleeding and sepsis.

to the grade 1 levels 4 days after discontinuation of the treatment.
We suspected that the ALT elevation in these two patienis was
gemcitabine-related toxicity because it was never reproduced after
their treatment was switched over to chemoradiotherapy using 5-
FU. One patient suffered unexpected acute abdominal pain
requiring morphine 2 months after the completion of the
chemoradiotherapy and was diagnosed with perforation of
pancreatic pseudocyst into the duodenum. This pain disappeared
completely by only medical management within 1 week. No
patients experienced any symptoms considered to be late toxicity
as of the time of analysis.

DISCUSSION

Based on previous randomised trials (Moertel et al, 1969
Gastrointestinal Tumor Study Group, 1981; Gasirointestinal
Tumor Study Group, 1988), concurrent external-beam radio-
therapy and 5-FU have been generally accepted as the standard
treatment for locally advanced carcinomas. To intensify the
treatment efficacy, various anticancer agents and radiation
schedules are being investigated in clinical trials of chemora-
diotherapy (Roldan et al, 1988; Seydel er ai, 1990; Wagener et al,
1596; Thomas et al, 1997; Prott et al, 1997; Okusaka &t al, 2001).
However, marked improvement in their survival has not been
abserved. In an attempt to optimise radiosensitisation, radio-
therapy with protracted 5-FU infusion has been examined recently,
but the median survival times were similar to those cbserved in
previous studies (Ishii et al, 1997).

Gemcitabine has been expected to be an agent that improves the
outcome of chemoradiotherapy for locally advanced pancreatic
cancer because it is a chemotherapeutic drug having meaningful
palliative and prognostic impact against advanced pancreatic
cancer, and it is also a potent radiosensitiser. Several experimental
studies have shown that more than one mechanisin leads to the
potentiation of radiation-induced cell killing by gemcitabine
(Lawrence et al, 1996; Shewach and Lawrence, 1996; van Putten
et al, 2001). In clinics, various phase [ studies for radiotherapy
with gemcitabine have been conducted {McGinn et al, 2001; Pipas
et al, 2001; Wolff et al, 2001; Ikeda et al, 2002; Poggi et al, 2002},

British Journal of Cancer (2004) #1(4), 673-677
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although the efficacy and safety of this combination have not been
fully elucidated in phase II trials. A phase I trial that was
conducted in our hospital determined the recommended dose of
weekly gemcitabine in the phase II chemoradiotherapy trial to be
250 mgm™%, because three of the six patients give a dose of
350mgm~2 of gemcitabine demonstrated dose-limiting toxicities
involving neutropenia/leucopenia and elevated transaminase
(Ikeda et al, 2002).

The toxicity associated with radiotherapy with gemcitabine was
relatively severe in this phase II study. Grade 3-4 leucopenia and
neutropenia were observed in 52 and 33% of the patients,
respectively, although none of the patients showed neutropenic
fever. Nausea and anorexia were the most serious non-haemato-
logical toxicities in this treatment; 73% of the patients experienced
various degrees of naunsea and 33% required intravenous
hyperalimentation. In all, 78% of the patients complained of
general fatigue and one patient (2%) refused continuation of the
treatment because of this adverse effect. These troublesome
toxicities observed in this study seem to be more frequent and
more severe compared with those in 5-FU-based chemoradiother-
apy (Ishii et al, 1997). There was one death attributed to duodenal
bleeding, which was arrested by transcatheter arterial embolisa-
tion, but deterioration of the general condition and lethal sepsis
were induced subsequently.

The present study, in which 42 patients with locally advanced
pancreatic cancer were treated with radiotherapy and weekly
gemcitabine, documented a marginal impact on patient survival;
the median survival time of 9.5 months is comparable to that in
patients receiving conventional chemotherapy using 5-FU. How-
ever, the incidence rate of distant metastasis at the time of disease
progression was remarkably higher with this treatment (97%) as
compared to that with 5-FU-based chemoradiotherapy, which was
reported to be 50% in our previous study {Ishii et af, 1997). This
suggests that gemcitabine at a dose of 250mgm™2 is a potent
radiosensitiser for controlling local disease, but its ability as a
chemotherapeutic agent is insufficient to counteract systemic
tumour spread. To improve prognosis for these patients, future
investigations for treatment with more systemic effects are
warranted,

In an effort to increase capacity for systemic therapy, reduction

. of the radiation field has been attemnpted. Investigators at the

University of Michigan elected to radiate the primary tumour
alone, without the inclusion of regional lymph nodes, and
administer full-dose gemcitabine concurrently, because the use
of full-dose gemcitabine requires reduction of the radiation dose,
based on their prior clinical experience (McGinn ef al, 2001; Muler
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et al, 2004). Reduction of the radiation field may be one of the
strategies not only for intense systemic therapy but also for
decreasing the troublesome gastrointestinal toxicity often observed
in our study; our recent retrospective study showed that a larger
planning target volume for irradiation wes only a significent
predictor of severe acute intestinal toxicity in patients treated with
chemoradiotherapy using gemcitabine (Ito et al, 2003).

Crane et al (2002) retrospectively compared the toxicity and
efficacy of concurrent gemcitabine-based chemoradiation with
those of concurrent 5-FU-based chemoradiation in patients with
unresectable pancreatic cancer treated in the University of Texas
MD Anderson Cancer Center. In the study, there was a
significantly higher severe toxicity rate in patients treated with
gemcitabine than in those with 5-FU, although the median survival
times were similar between the two arms (gemcitabine vs 5-FU: 11
vs 9 months). They concluded that concurrent gemcitabine and
radiotherapy could be an extremely difficult combination to
administer safely, with a very narrow therapeutic index. Recently,
investigators in Taiwan reported favourable results for radio-
therapy with  concurrent  gemcitabine  administration
(600 mg m? week™! for 6 weeks) in 2 small randomised study (Li
et al, 2003). The gemcitabine-based chemoradiotherapy showed a
significantly better median survival time (14.5 months) and a
comparable toxicity profile in comparison with the 5-FU-based
chemoradiotherapy (7.1 months). However, the number of

- enrolled patients in this study was only 16-18 in each arm, The

results need further confirmation by larger multi-institutional
clinical trials.

In summary, the chemoradiotherapy used in this study has a
moderate activity against locally advanced pancreatic cancer and
an acceptable toxicity profile, but appears to have more frequent
acute toxicittes compared with conventional chemoradiotherapy
using 5-FU. Most patients who underwent this therapy demon-
strated rapid appearance of distant metastasis. To explore
innovative approaches for locally advanced pancreatic cancer,
future investigations for treatment with more systemic effects and
less toxicity are needed.
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Abstract

Objective: This study investigated the maximum-toler
ated dose of hyperfractionated radiation therapy with
protracted 5-fluorouracil (5-FU) infusion in patients with
locally advanced, unresectable pancreatic cancer, Meth-
ods: Five cohorts of patients were scheduled to receive
escalating doses of hyperfractionated radiation therapy
{range, 45.6-64.8 Gy). All patients received two fractions
of 1.2 Gy each {separated by 6 h) per day for b days a
week, and received protracted 5-FU infusion (200 mg/m?¥
day) during the radiation course. The maximum-toler-
ated dose was defined as one dose level below the dose
at which more than one third of 3-6 patients experienced
dose-limiting toxicity. Resufts: Twenty-nine patients
were enrolled in this study. The most common toxicities
wefe nausealvemiting and anorexia. Although 1 patient
developed bieeding from a gastric ulcer 3 months after
the completion of chemoradiotherapy, the maximum-
tolerated dose was not reached even at the highest dose

level (level 5, 64.8 Gy}.The median survival time was 12.2
months and the 1-year survival rate was 55.0%. Conclu-
sion: The toxicity associated with our regimen was toler
able up to dose level 5 {64.8 Gy). We are currentiy con-
ducting a phase Il study of this hyperfractionated
radiation therapy with protracted 5-FU infusion at a dose
of 64.8 Gy.

Copyright ® 2004 S, Karger AG, Basel

Introduction

Because of the difficulty in diagnosing pancreatic can-
cer early, the vast majority of patients have unresectable
discase at the time of diagnosis. About 30-50% of the
unresectable cases have localized disease without distant
metastases. In the treatment of locally advanced, unre-
sectable pancreatic cancer, radiotherapy with concomi-
tant chemotherapy has been the treatment of choice since
it offers better survival rates when compared to treatment
by radiotherapy or chemotherapy alone [1, 2]. However,
improvement in chemoradiotherapy for pancreatic can-
cer is necessary because chemoradiotherapy has achieved
only modest improvements in median survival and min-
imal increases in long-term survival 3).
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Hyperfractionation, the administration of a larger
number of smaller doses per fraction, is one of the prom-
ising and tempting alternatives to conventional radiation
therapy. One possible advantage of hyperfractionation is
that this approach may permit an improvement in tumor
control by increasing the total tumor dose without in-
creasing the risk of late complications [4]. Several encour-
aging results of this therapeutic modality have been re-
ported in patients with head and neck cancer or lung
cancer {3, 6]. However, only limited information about
hyperfractionated radiation therapy is available for pan-
creatic cancer. Therefore, we conducted a phase I study
of hyperfractionated radiation therapy with 5-fluoroura-
cil (5-FU) in patients with locally advanced pancreatic
cancer. In the present study, 5-FU was administered by
protracted infusion during the radiation course to inten-
sify the anti-tumor effect of chemotherapy. The primary
objective of this study was to assess the toxicity of hyper-
fractionated radiation therapy with protracted 5-FU infu-
sion and to determine the maximum-tolerated dose of
radiation in this combined treatment.

Patients and Methods

Patients

Eligibility ¢riteria included (1) locally advanced unresectable
pancreatic cancer; (2) histologically or cytologically confirmed ad-
enocarcinoma of the pancreas; (3) 20-74 years of age; (4) an Eastern
Cooperative Oncology Group performance status of 0-2, and (5)
no prior anti-cancer treatment. Required pretreatment laboratory
data included white blood cell count =4,000/ul, hemoglobin level
=10 g/dl, platelet count = 100,000/ul, normal serum creatinine
level, serum total bilirubin level =2.0 mg/d], serum albumin level
2 3.0 g/d] and serum transaminase level 2.5 x upper normal
limit. Exclusion criteria were: concomitant malignancy; pleural
and/or peritoneal effusion; active ulcer of the gastrointestinal tract;
active infection; severe heart disease; pregnant or lactating females,
or other serious medical conditions. A chest X-ray and abdominal
computed tomography (CT) were performed on all patients before
treatment. The disease was considered locally advanced if abdom-
inal CT revealed celiac trunk and/or superior mesenteric artery
encasements with no evidence of systemic metastasis. Diagnostic
laparoscopy was not performed. Histological and/or cytological
confirmation was obtained by needie biopsy. Endoscopic or percu-
taneous biliary drainage was performed before treatment in pa-
tients with obstructive jaundice, This protocol was approved by the
Institutional Review Board of the National Cancer Center. All pa-
tients received a full explanation of this study and gave writien
informed consent before entry into the study.

Treatment

The study design consisted of a sequential dose escalation of
radiation therapy. The radiation dose {evel was planned in five
cohorts as shown in table 1. The starting dose of radiation was
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Table 1. Dose-escalation scheme for maximum-tolerated doses in
hyperfractionated radiation therapy

Study Dose/fraction Total Total Treatment
cchort Gy fractions dose, Gy duration, days
1 1.2 18 45.6 25

2 1.2 42 30.4 29

3 1.2 46 55.2 31

4 1.2 50 60.0 33

5 1.2 54 64.8 37

Treatment duration is given from the first day to the last day of
radiation.

45.6 Gy, deemed safe based on the results of previcus studies of
hyperfractionation for pancreatic cancer [7-9]. Dose escalations at
4.8-Gy increments were planned if the previous dose had been tol-
erated. All patients received two fractions of 1.2 Gy each (sepa-
rated by 6 h) per day for 5 days a week using 10-14 MV X-rays
from a microtron (MM22, Scanditronix, Uppsala, Sweden). Treat-
ment planning was determined by a three-dimensional treatiment
planner (FOCUS, Computerized Medical Systems, St. Louis, Mo.,
USA). Contours of the clinical target volume, which included the
primary tumor, regional iymph nodes detected by CT, and para-
aortic regions at celiac and supramesenteric axes were manually -
outlined on serial CT images displayed on a monitor. The defini-
tion of the regional lymph nodes followed the 6th edition of the
UICC TNM Classification. Paraaortic lymph node metastasis was
considered distant metastasis. A planning target volume which in-
cluded a 10-mm margin of normal tissue surrounding the clinical
target volume was defined on each CT image and on the ¢raniocau-
dal dimension. Four field techniques (anterior, posterior and op-
posed iateral fields) were used. Spinal cord dose was maintained
below 43 Gy, = 350% of liver was limited to =30 Gy, and = 50% of
both kidneys were limited to =20 Gy. Chemotherapy consisted of
protracted infusion of 5-FU at a dose of 200 mg/m*day, which
began on the first day of radiation and continued through the entire
radiation course. One week after the completion of chemoradio-
therapy, maintenance chemotherapy of 5-FU (500 mg/m?, drip in-
fusion} was given weekly until disease progression or unacceptable
toxicity.

The toxicity of the treatment was scored according to the crite-
ria of the Japan Society for Cancer Therapy [10], which are funda-
mentally similar to the National Cancer Institute comnion toxicity
criteria. Both radiation therapy and chemotherapy were suspended
for grade 3 hematological toxicity or grade 2 non-hematological
toxicity excluding nausea/vomiting and anorexia during the treat-
ment course, and treatment was restarted when toxicity was re-
solved. Dose-limiting toxicity (DLT) was defined as grade 3 or 4
non-hematological toxicities (excluding nausea/vomiting and an-
orexia} or grade 4 hematological foxicity ocenrring during chemo-
radiotherapy or within 4 weeks after completing treatment. If both
radiation therapy and chemotherapy were suspended for more than
10 days due to adverse effects, the adverse effects were considered
DLT.

Ueno/Okusaka/Ikeda/ Tokuuye



Radiation dose escalation was scheduled to proceed as follows.
Initially, 3 patients were to be studied in cohort 1. If none of the
initial 3 patients in a cohort experienced DLT, the radiation dose
was to be increased in the next 3 patients according to the schedules
listed in table 1. If I or 2 of the initial 3 patients in a cohort expe-
rienced DLT, a maximum of 3 additional patients were entered
into the cohort. If only 1 or 2 of 6 patients experienced DLT, dose
escalation would continue. If 3 or more patients experienced DLT
at a given dose level, then the previous dose level would be consid-
ered maximum-tolerated dose. Dose escalation to the next cohort
was allowed after observing a previous cohort for a minimum of 4
weeks after the completion of chemoradiotherapy.

Foliow-up CT was performed every 2 months to assess objective
tumor response according to World Healih Organization <riteria
{11]. Progression-free and overall survival were measured from the
tst day of study entry, and the survival rate was calculated by the
Kaplan-Meier method. Serum CA [9-9 levels were measured
monthly by radioimmunometric assay using the Centocor radioim-
munoassay kit (Centocor, Malvern, Pa., USA).

Resulis

Patient Characteristics

Between April 1999 and May 2001, 29 patients with
locally advanced, unresectable pancreatic cancer were en-
rolled in the study at the National Cancer Center Hospi-
tal, Tokyo, Japan. The demographic characteristics of the
29 patients are listed in table 2. Relatively many patients
with pancreatic body-tail cancer were enrolled in the
study. All patients were in stage [Il according to the UICC
TNM Classification (ed 6).

Toxicities

All 29 patients were assessable for toxicity, Two of the
29 patients failed to complete chemoradiotherapy for rea-
sons other than toxicity: 1 patient at dose level 1 aban-
doned treatment after 25.2 Gy because of disease progres-
sion, and another patient at dose level 3 refused to
continue treatment after 50.4 Gy, although there were no
clinically significant adverse effects. Of the 27 patients
evaluable for DLT, 22 (81%) compieted the scheduled
course of chemoradiotherapy. However, the remaining 5
had to abandon treatment because of adverse effects: naun-
sea/vomiting and anorexia (3 patients), alanine amino-
transferase elevation (1 patient) and thrombocytopenia
(1 patient). Table 3 shows the toxicities that occurred dur-
ing chemoradiotherapy or within 4 weeks after complet-
ing treatment. Hematological toxicity was relatively mild
and reversible. Two patients exhibited grade 3 neutrope-
nia, but these toxicities recovered immediately after in-
terruption of chemoradiotherapy. Although thrombocy-
topenia was a rare foxicity, ! patient at level 5 showed

Hyperfractionated Chemoradiotherapy for
Pancreatic Cancer

Table 2, Patient characteristics (n = 29)

Characteristics Patients
n %

Gender

Men 17 59

Women 2 41
Performance status

0 5 17

l 24 33
Biliary drainage 7 24
Tumor location

Head 9 31

Body-tail 20 69

Median carcinoembryonic antigen was 2.9 ng/ml (range: 0.9~
42.1) and median CA 19-9 429 U/ml (range: 1-16,680), Median
age of the patients was 59 vears (range 32-74).

grade 4 thrombocytopenia after 52.8 Gy. Since this
thrombocytopenia persisted after discontinuation of
chemoradiotherapy, bone marrow aspiration was per-
formed, and the patient was diagnosed with myelodys-
plastic syndrome. The most common non-hematological
toxicities were nausea/vomiting and anorexia, which
were observed in 27 (93%) and 24 patients (83%), respec-
tively. These adverse effects were generally mild to mod-

- erate, but 5 patients required temporary treatment inter-

ruption (median, 2 days, range, 2-5 days) and 3 patients
abandoned chemoradiotherapy because of prolonged
toxicities. Other non-hematological toxicities included
diarrhea and liver dysfunction, but these were also gener-
ally mild and transient. During the median follow-up pe-
riod of 8.2 months (range, 1.7-26 months), late radiation-
related toxicity was observed in only 1 patient, who
developed bleeding from a gastric ulcer 3 months after
the completion of chemoradiotherapy (level 1, 45.6 Gy)
and then recovered from the ulcer by conservative treat-
ment. There were no life-threatening toxicities, and no
treatment-related deaths occurred. Table 4 summarizes
the DLT observed in the current study. The maximum-
tolerated dose of this phase [ study was not reached even
at the highest dose level (level 5, 64.8 Gy).

Therapeutic Results and Patient Qutcome .

Six patients (21%) achieved a partial response, 19
(66%) remained stable and 4 (14%) showed progressive
disease demonstrated by the development of distant me-
tastases. The serum CA 19-9 leve]l was reduced more than

Oncology 2004;67:215-221
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Table 3. Treatment-related toxicity {n = 29)

Toxicities . Study cohort
1 ' 2 3 : 4 : 5
45.6 Gy (n =6) 4Gy(n=3) 5352Gy(n="1 60.0 Gy (n = 6} 648 Gy(n="7)
1,2 3 4 1,2 3 4 1,23 4 1,2 3 4 ,2 3 4
Hematological
Anemia I 0 0 0D 0 0 4 0 0 0 0 O o 0o 0
Leukocytopenia 3 0 0 3 0 0 6 1 0 30 0 4 0 0
Neutropenia 3 0 0 2 0 0 22 0 2 0 0 1 0 0
Thrombocytopenia 0 0 0 0 0 0 60 0 0 2 0 0 0o 0 1
Non-hematological
Anorexia 2 30 2 0 0 4 3 9 1 i 0 3 3 0
Nausea/vomiting 5 0 0 3 0 0 7 0 0 3 2 0 7 0 O
Diarrhea I 0 0 1 0 0 [ 0 1 0 0 3 0 ¢
Stomatitis 0 ¢ 0 G 6 0 t 0 0 o o0 0 1 0 0
AST/ALT 3 0 O 1 0 0 3 0 0 1 10 2 0 0
Alkaline phosphatase 1 0D 0 0 0 0 1 0 0 2 0 0 0 0o 0
Skin rash 1 0 0 60 0 0 2 0 0 1 0 0 0 o0 o0
Abdominal pain | 0 0 0 0 0 1 0 0 o0 o 0 1 0 0
Fatigue 3 1 0 20 0 5 0 0 4 ¢ 0 5 0 0
Weight loss 0 6 0 l 0 0 2 0 ¢ 2 0 0 1 0 0
AST = Aspartate aminotransferase; ALT = alanine aminotransferase.
Table 4. Dose-limiting toxicity (n = 27)
Study cohort © -Patients  Patients DLT : Total dose
B oo with DLT ' o at DLT, Gy
1 (45.6 Gy) 6" 1 suspension of treatment for > [0 days® 31.2
2(50.4 Gy) 3 0
3(55.2 Gy) 6 2 suspension of treatment for >10 days® 36.0
grade 3 diarrhea 55.2
4 {60.0 Gy) 6 2 suspension of treatment for >10 days® 31.2
grade 3 ALT elevation 46.8
5(64.8 Gy) 6 l grade 4 thrombocytopenia 52.8

ALT = Alanine aminotransferase.
4 One patient developed gastric ulcer 3 months after the completion of chemoradiotherapy.
b Due to nausea/vomiting and anorexia.
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Fig. 1. Overall survival curve and progression-free curve of 29 pa-
tients who received hyperfractionated radiotherapy with protract-
ed 5-FU infusion for locally advanced pancreatic cancer. Vertical
lines indicate censored cases.

Table 5. Patterns of initial disease progres-

sion
Progression Patients
“n %
None 10 34
Local 2 7
Distant 15 52
Liver 8
Lymph nodes 3
Peritoneurn 1
Liver and peritoneum 2
Lung and peritoneum |
Local and distant? 2 7

1 Peritoneum,

50% in 12 (55%) of 22 patients who had a pretreatment
level of 100 U/ml or greater. Disease progression and
death from cancer were documented in 19 and 13 pa-
tients, respectively, at the time of analysis. The initial
sites of disease progression are listed in table 5. Distant
metastases predominated over local progression. The me-
dian progression-free time and 1-year progression-free
tate were 5.4 months and 20.2%, respectively. The me-
dian survival time (MST) and 1-year survival rate were
12.2 months and 55.0%, respectively (fig. 1).

Hyperfractionated Chemoradiotherapy for
Pancreatic Cancer

Discussion

Based on previous randomized trials, concurrent ex-
ternal-beam radiotherapy and chemotherapy have been
the treatment of choice for locally advanced, unresectable
pancreatic cancer [1, 2]. Nevertheless, there is substantial
room for improvement in chemoradiotherapy for pancre-
atic cancer because chemoradiotherapy has achieved
only modest improvements in median survival and min-
imal increase in long-term survival to date [3]. Therefore,
there is a clear need to establish more effective chemora-
diotherapy for locally advanced pancreatic cancer.

Since local relapse of disease after chemoradiotherapy
remains high, local tumor control and systemic chemo-
therapy are necessary for locally advanced pancreatic
cancer. To intensify local tumor control, numerous clini-
cal trials have been performed with specialized radiother-
apy techniques, including intraoperative radiotherapy,
brachytherapy, high-dose conformal radiotherapy and
hyperfractionated radiation therapy [7-9, 12-15]. It is
noteworthy that relatively good local tumor control and
survival were achieved in these trials in which a higher
dose was given using external-beam radiotherapy com-
bined with either intraoperative radiotherapy or brachy-
therapy. These findings suggest the efficacy of dose-in-
tensive radiotherapy for locaily advanced pancreatic
cancer.,

Hyperfractionation is expected to produce a differen-
tial effect between the response in tumor and normal tis-
sues, The basic rationale of hyperfractionation is that the
use of small dose fractions allows higher total doses to be
administered within the tolerance of late-responding nor-
mal tissues and that this translates to a higher biologi-
cally effective dose to the tumor [4]. Other rationales for
hyperfractionation are radiosensitization through redis-
tribution and reduced dependence on oxygen effect [4,
16, 17]. Clinical trials have demonstrated that hyperfrac-
tionated radiotherapy has a favorable treatment efficacy
in some types of tumors, including head and neck cancer
and lung cancer [5, 6].

With regard to pancreatic cancer, however, only lim-
ited information about hyperfractionated radiation is
available. In 1990, the Gastrointestinal Tumor Study
Group reported on hyperfractionated radiation therapy
in patients with locally advanced pancreatic cancer [7].
In this study, 18 patients received two fractions of 1.2 Gy
each per day (total 50.4 Gy) and bolus 5-FU infusion
(350 mg/m?) on the first 3 and last 3 days of radiation
therapy. However, the study results were not encourag-
ing; the MST and I-year survival rate were 35 weeks and

Oncology 2004;67:215-221 219
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Table 6. Comparison of toxicity, response rate and MST

Toxicity and response Patients, n (%)

current study  conventional regimen

(=29 {n=20)
= Grade 2 toxicity
Leukocytopenia 8 (28) 4 (20)
Thrombocytopenia 1(3) 0
Nausea/vomiting 21 (72) 3{15)
Diarrhea 2( . 0(0)
Stomatitis 0 3{15)
ALT elevation 5(17) 2(10)
Response rate 6(21) 2(10)

MST was /2.2 months in the current study and /0.4 months in
patients treated with the conventional regimen. ALT = Alanine
aminotransferase.

39%, respectively. Prott et al. [8] treated 32 patients with
tocally advanced pancreatic cancer by hyperfractionated
radiation therapy (total 44.8 Gy) along with 5-FU and
leucovorin (MST, 12.7 months}, and Luderhoff et al. {9}
conducted a pilot study using a combination of hyperfrac-
tionated radiation {total 45-50 Gy) and continuous infu-
sion of 5-FU in 13 patients (MST, 36 weeks). Summariz-
ing these three trials, although toxicities seemed to be
acceptable, improved survival was unfortunately not
achieved. However, the total dose of radiation used in
these trials might have been insufficient to obtain ade-
quate local tumor control. Therefore, in the current study,
we conducted a phase I study, and concluded that the
toxicity associated with our regimen was tolerable up to
a total dose of 64.8 Gy. Qur conclusions were consistent
with the results of the recent phase [-1I study for locally
advanced pancreatic cancer, in which Ashamalla et al.
[18] reported that the use of hyperfractionated radiother-
apy (2 fractions of 1.1 Gy each per day) to a dose of
63.8 Gy combined with weekly paclitaxel was tolerated.
They also reported that good local control was observed
following their regimen; complete relief of pain was
achieved in 10 of 14 patients, and objective response was
achieved in 5 of 17 evaluable patients.

The adverse effects associated with our regimen
seemed to be tolerable. There were no life-threatening
toxicities, and no treatment-related deaths occurred.
However, acute reactions such as gastrointestinal toxicity
were more severe compared with conventional regimens

™~
=~
<

Oncology 2004;67:215-221

of chemoradiotherapy. Table 6 shows a comparison of
adverse effects between our hyperfractionated chemora-
diotherapy and the conventional chemoradiotherapy pre-
viously performed in our hospital, which consisted of pro-
tracted 5-FU infusion (200 mg/m?*/day) with current
radiation therapy (50.4 Gy in 28 fractions over 5.5 weeks)
{19]. Although hematological toxicity did not significant-
Iy differ between these two regimens, nausea/vomiting
were more frequently observed in the hyperfractionated
chemoradiotherapy. As a result, 8 of 29 (28%) patients
treated by hyperfractionated chemoradiotherapy re-
quired treatment interruption due to gastrointestinaf tox-
icities, and 3 of the 8 patients abandoned chemoradio-
therapy. It is interesting that these 3 patients developed
such gastrointestinal toxicities before reaching a total ra-
diation dose of 40 Gy (31.2, 36.0, and 31.2 Gy, respec-
tively). Therefore, although this schedule of hyperfrac-
tionated radiation therapy was acceptable for most
patients with pancreatic cancer, some patients developed
severe and/or prolonged acute toxicities at a relatively low
total radiation dose. There was no significant association
between the gastrointestinal toxicities and pretreatment
factors including gender, age, performance status, and tu-
mor location {data not shown).

In the current study, relatively good local tumor con-
trol was obtained: 6 patients (21%) achieved a partial re-
sponse and 19 (66%) remained stable. At the time of anal-
ysis, local disease progression had occurred in only 4
(14%) patients. In addition, the MST of 12.2 months was
equal or superior to that of previous studies using con-
ventional fractionation [1, 2, 19]. These findings have
encouraged us to conduct further trials of hyperfraction-
ated chemoradiotherapy. However, the incidence of dis-
tant metastasis did not decrease after treatment in the
present study. Therefore, more effective systemic therapy
will be necessary to reduce distant metastases and subse-
quently improve [ong-term survival.

In conclusion, the toxicity associated with our regimen
was tolerable up to doselevel 5 (64.8 Gy). Hoping to dem-
onstrate a superior survival benefit for patients with lo-
cally advanced pancreatic cancer, we are currently con-
ductinga phase I trial of this hyperfractionated radiation
therapy with protracted 5-FU infusion at a dose of
64.8 Gy.

Ueno/Okusaka/Tkeda/Tokuuye
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The incidence of biliary tract cancer has been steadily increasing in
Japan over the past several decades (Okusaka, 2002). Currently,
biliary tract cancer is the sixth leading cause of death from cancer
in Japan, with statistics from 2002 indicating a total of about 16 000
deaths from this disease. As a result of the lack of characteristic
early symptoms, biliary tract cancers are often diagnosed at an

_advanced stage, and the prognosis of patients with advanced
. biliary tract cancer is dismal. Although systemic treatment is used

for advanced disease, the impact of existing chemotherapy is
virtvaily negligible. A large number of agents, including 3-
fluorouracil (5-FU), mitomycin-C, and cisplatin, have been tested
as single agents or in combination therapies without appreciable
efficacy (Hejna et al, 1998; van Riel et al, 1999; Yee et al, 2002),
Although recent clinical studies have suggested the potential
activity of gemcitabine for the treatment of biliary tract cancer,
producing response rates of 8 to 36% (Mezger et al, 1998; Raderer
et al, 1999; Gallardo et al, 2001; Gebbia et al, 2001; Kubicka et al,
2001; Penz et al, 2001; Tsavaris ef gl, 2004), studies on a larger
scale are needed to confirm its efficacy. In any case, to improve the
prognosis of patients with biliary tract cancer, a cléar need exists
for new, effective chemotherapeutic agents.

$-1 is a novel orally administered drug that is a combination of
tegafur (FT), 5-chlore-2,4-dihydroxypyridine (CDHP), and oteracil
potassium {(Oxo) in a 1:0.4:1 molar concentration ratio (Shir-
asaka et al, 1996a). 5-chloro-2,4-dihydroxypyridine is a competi-
tive inhibitor of dihydropyrimidine dehydrogenase, which is
involved in the degradation of 5-FU, and acts to maintain
efficacious concentrations of 5-FU in plasma and tumour tissues

*Correspondence: Dr H Ueno; E-mail: hiveno@nccgo.jp
Received 24 May 2004 revised 2 September 2004; accepted 6
September 2004: published online 26 October 2004

The aim of this study was to investigate the efficacy and safety of an oral fluoropyrimidine derivative, S-1, in patients with advanced
bifiary tract cancer. Patients with pathologically confirmed advanced biliary tract cancer; a measurable lesion, and no history of
radiotherapy or chemotherapy were enrolled. S-1 was administered orally (40 mgm™ bi.d.) for 28 days, followed by a |4-day rest
period. A pharmacokinetic study was performed on day | in the inifial eight patients. In all, |9 consecutive eligible patients were
enrolled in the study between July 2000 and |anuary 2002. The site of the primary tumour was the gallbladder {(n=16), the
extrahepatic bile ducts {(n=2), and the ampulla of Vater {n=1). A median of two courses of treatment (range, |—12) was
administered. Four patients achieved a partial response, giving an overall respanse rate of 21,1%. The median time-to-progression and
median overall survival pericd were 3.7 and 8.3 months, respectively. Although grade 3 anorexia and fatigue occurred in two patients
each (10.5%), no grade 4 toxicities were observed. The pharmacokinetic parameters after a single orat administration of S-1 were
sirnilar to those of patients with other cancers. 5-1 exhibits definite antitumour activity and is well tolerated in patients with advanced
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{Tatsumi et al, 1987). Oteracil potassium, a competitive inhibitor
of orotate phosphoribosyltransferase, inhibits the phosphorylation
of 5-FU in the gastrointestinal tract, reducing the serious
gastrointestinal toxicity associated with 5-FU (Shirasaka et al,
1993}, S-1 therapy in athymic nude rats was associated with the
retention of a higher and more prolonged concentration of 5-FU in
plasma and tumour tissues, when compared with UFT (Shirasaka
et al, 1996b). The antitumour effect of S-1 has been already
demonstrated in a variety of solid tumours: the response rates for
advanced gastric cancer {Sakata et al, 1998; Koizumi ef al, 2000},
colorectal cancer (Chtsu et al, 2000), non-small-cell lung cancer
(Kawahara et al, 2001), and head and neck cancer (Inuyama et al,
2001) in the late phase II studies conducted in Japan were 44-49,
35, 22, and 29%, respectively. In addition, a recent early phase II
study for advanced pancreatic cancer demonstrated a response
rate of 21% in 19 patients {Okada et al, 2002). The efficacy of $-1
for the treatment of gastrointestinal cancer has also been reported
in European patients: the response rates for advanced gastric
cancer (Chollet et al, 2003) and colorectal cancer {Van den Brande
et al, 2003} were 32 and 24%, respectively. However, no previous
reports have described the efficacy and safety of S-1 for the
treatment of biliary tract cancer. Consequently, the present early
phase I study was conducted to evaluate the efficacy and safety of
S-1 in patients with advanced biliary tract cancer.

PATIENTS AND METHODS

Patients

Patients were required to meet the following eligibility criteria:
histologically or cytologically confirmed advanced biliary tract
cancer; at least one measurable lesion; no history of prior
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antitumour treatment except resection; a Kamofsky performance
status (KPS) of 80- 100 points; age of 20~74 years; an estimated
life expectancy of at least 2 months; adequate organ function,
defined as a white blood cell count of 400012 000 mm™3, a platelet
count 100000 mm >, a haemoglobin level >10.0g/dl, a normal
serum creatinine level, a serum total bilirubin level <3 times the
uppet limit of normal, an aspartate aminotransferase and alanine
aminotransferase level £2.5 times the upper limits of normal; and
written informed consent. Patients who had obstructive jaundice
were considered eligible if their bilirubin level could be reduced to
within 3 times the upper limit of normal after biliary drainage. The
exclusion criteria were as follows: a history of drug hypersensi-
tivity; severe complications, such as infection, heart disease, and
renal disease; symptomatic metastasis of the centzal nervous
system; active concomitant malignancy; marked pleural effusion or
ascites; watery diarrhoea; and pregnancy or lactation. This study
was approved by the institutional review board at the Natiopal
Cancer Center and conducted in accordance with the Good Clinical
Practice guidelines of Japan.

Treatments

S-1 was administered orally at a dose of 40 mg m™ twice daily after
breakfast and dinner, Three initial doses were established
accordin§ to the body surface area (BSA) as follows: BSA
<1.25m" 80mgday ™" 1.25m?<BSA<1.50m% 100 mgday™
and 1.50m*<BSA, 120mgday™. S-1 was administered at the
respective dose for 28 days, followed by a 14-day rest period; this
treatment course was repeated until the occurrence of disease
progression, unacceptable toxicities, or the patient's refusal to
continue. When a grade 3 or greater haematologic or grade 2 or
greater nonhaeamatologic toxicity occurred, the temporary inter-
ruption of the S-1 administrations was allowed until the toxicity
subsided to grade 1 or less. If the daily dose of 5-1 was considered
to be intolerable, the retreatment dose was reduced by 20 mg day™*
{minimum dose, 80 mgday™"), If no toxicity occurred, the rest
period shortened to 7 days was allowed. If 2 rest period of more
than 28 days was required because of toxicity, the patient was
withdrawn from the study. Patients were not allowed to receive
concomitant radiation therapy, chemotherapy, or hormonal
therapy during the study. Patients maintained a daily journal to
record their intake of S-1 and any signs or symptoms that they
experienced. 5-1 was provided by Tatho Pharmaceutical Co. Ltd
{Tokyo, Japan).

Response and toxicity evaluation

The response after each course was assessed according to the Japan
Society for Cancer Therapy Criteria (Japan Society for Cancer
Therapy, 1993), which is similar to the World Health Organization
Criteria. Briefly, a complete response (CR) was defined as the
disappearance of all clinical evidence of the tumour for a minimum
of 4 weeks. A partial response (PR) was defined as a 50% or greater
reduction in the sum of the products of two perpendicular
diameters of all measurable lesions for a minimum of 4 weeks, No
change (NC) was defined as a reduction of less than 50% or a less
than 25% increase in the sum of the products of two perpendicular
diameters of all lesions for a minimum of 4 weeks. Progressive
disease (PD) was defined as an increase of 25% or more in the sum
of the products of two perpendicular diameters of all lesions, the
appearance of any new lesion, or a deterioration in the clinical
status that was consistent with disease progression. Primary bile
duct lesions were not considered to be measurable lesions because
the dimensions of such lesions are difficult to measure accurately.

The response duration was calculated from the day of the first
sign of a response until disease progression; time-to-progression
(TTP} was calculated from the date of study entry unti
documented disease progression; and overall survival time was
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calculated from the date of study entry to the date of death or the
last follow-up. The median probability of the survival period and
the median TTP were estimated using the Kaplan-Meier method.
Compliance was calculated for all treatment courses using the ratio
of the total dose actually administered to the scheduled dose.

Physical examinations, complete blood cell counts, biochemistry
tests, and urinalyses were performed at least biweekly. Adverse
events were evaluated according to the National Cancer Institute
Common Toxicity Criteria, version 2.0. Objective responses and
adverse events were confirmed by an external review committee.

Analysis was t0 be performed when 19 patients were enrolled. In
this study, the threshold rate was defined as 5% and the expected
rate was set as 15%. If the lower limit of the 90% confidence
interval exceeded the 5% threshold (objective response in four or
more of the 19 patients), S-1 was judged to be effective and we
would proceed to the next large-scale study. If the upper limit of
the 90% confidence interval did not exceed the expected rate of
15% (no objective response in the 19 patients), S-1 was judged to
be ineffective and the study was to be ended. If response was
confirmed in 1-3 of the 19 patients, whether to proceed to the next
study or not was judged based on the safety and survival data from
the present study.

Pharmacokinetics

A pharmacokinetic study was performed in the first eight patients
enrolled in the study. Blood {5 ml) was collected before and 1, 2, 4,
6, 8, 10, and 12 h after the administration of $-1 on day 1 of the first
course, The plasma was then separated by centrifugation and
stored at —20°C until analysis. Plasma concentrations of FT were
quantified using high-performance liquid chromatography with
UV detection, and the concentrations of 5-FU, CDHP, and Oxo
were quantified using gas chromatography-negative ion chemical
ionisation mass spectrometry, as reported previously (Matsushima
et al, 1997), .

Pharmacokinetic parameters, including the maximum plasma
concentration (Cpax, ngml™"), time to reach Cuex (Timay h), area
under the concentration vs time curve for zero to infinity (AUC,..
o Dghmi™"), and the elimination half-life (T, h) were calculated
using a noncompartment model and Win-Nonlin software,
Version 3.1 (Pharsight, Apex, NC, USA).

RESULTS

Patients

Nineteen consecutive eligible patients with advanced biliary tract
cancer were enrolled in the study between July 2000 and january
2002 at the National Cancer Center Hospital, Tokyo, Japan. The
patient characteristics are summarised in Table 1. Before the start
of the study, six patients had received surgical resection and seven
patients had undergone percutaneous or endoscopic biliary
drainage for obstructive jaundice. Of the 19 patients, 17 had
metastatic disease at the time of their enrollment in the study,
while two patients were diagnosed as having locally advanced
disease. The liver was the most common site of metastases (14
patients}, followed by the distant lymph nodes (11 patients) and
the lungs (three patients).

Treatments

In all, 19 patients were given a total of 63 courses of chemotherapy,
with a median of two courses each (range, 1-12). The initial
administered dose of S-1 was 100 mgday™ in seven patients and
120mgday™" in 12 patients. Dose reduction was required in one
patient because of grade 2 diarrhoea after the third course of
ireatment. The reasons for treatment discontinuation were as
follows: disease progression (16 patients), grade 3 diarrhoea and

© 2004 Cancer Research UK
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Table 1 Patient characteristics (n=19)
Characteristics MNo. of patients {%)
Gender
Male 12 (63.2)
Female 7 (36.8)
Median age (years) (range) 59 (44-71)
Karnofsky performance status, points
100 8 (42.1)
90 10 (52.6)
80 | (53)
Median body surface area {en?) grange) 1.56 (1.37-1.83)
Median first dose {mgm™2day™" 723 (65.8-78.6)
{range)
History of surgical resection 6 (31.6)
Primary tumour site
Gallbladder 16 (84.2)
Extrahepatic bife ducs 2 (10.5)
Ampulla of Vater 1 {5.3)
Median CEA (ngmil™') (range) 6.8 (1-737)
Median CA 19-9 {Uml™") (range) 103 (1 -48,160)

Table 2 Response results (n=19)

Total CR PR NC PD NE Response rate (%)

QOwerall 19 0 4 9 5 | 211
Primory tumour site
Gallbladder 6 0 3 8 4 | 188
Extrahepatichileduts 2 0 0 | | O v
Amepulla of Vater | o 1 0 0o 0 1000

CR = Complete response; PR = partial response; NC =no change; PD = progressive
disease; NE = not evaluable.

grade 3 stomatitis (one patient), prolonged grade 2 nausea (one
patient}, and patient’s request for transference to another hospital
{one patient). Except for two patients, in whom treatment was

. abandoned because of toxicities, all the patients were treated as

outpatients. The overall compliance rate was 94.3%.

Response and survival

Of the 19 patients, none of the patients showed a CR but four
patients achieved a PR, giving an overall response rate of 21.1%
(95% confidence interval, 6.1-45.6%) (Table 2). The median
response duration was 6.7 months {range, 2.8-10.0 months}. Nine
patients showed NC and five patients had PD. The tumour
response could not be evaluated in one patient because the patient
was transferred to another hospital, for personal reasens, prior to
the response evaluation. At the time of analysis, 18 of the 19
patients had died because of disease progression, The median TTP
was 3.7 months, and the overall median survival time was 8.3
months, with a 1-year survival rate of 21.1% {Figure 1).

Toxicity

Al 19 patients were assessed for toxicities that are [isted in Table 3.
Treatment was generally well tolerated throughout the study.
Although haematologic and gastrointestinal toxicities were com-
mon, most of the toxicities were mild and transient. Grade 3
anorexia and fatigue occurred in twe patients each {10.5%), and
grade 3 anaemia, neutropenia, stomatitis, nausea, diarrhoea, and
fever occurred in one patient each (5.3%). No signs of cumulative

© 2004 Cancer Research UK
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Table 3 Treatmentrelated adverse events (n=19) worst grade
reported during freatment period

Grade®

Toxicity 1 2 3 4 Grade 1-4(%) Grade 3-4 (%)

Haermatologic
teukopenia 5 300 42.1 0
MNeutropenia 4 2 1 0 368 53
Anzemia 34 10 42.1 53
Thrombocytopenia 2 000 10.5 0

MNonhagematolegic
Nausea 4 2 1 0 368 53
Vomiting 4+ 0 6 0 21 0
Anorexia 302 0 263 105
Stomatitis 3001 0 201 53
Diarrhoea 22 1 0 263 53
Total bilirubin I 1 0 0 10.5 0
ALT 2 4 0 0 318 0
AST 4 2 0 ¢ 316 0
Fatigue 0 0 2 0 (05 0.5
Fever 00 1 0 53 5.3
Rash I ¢ 0 & 53 0
Pigmentation changes 3 0 ¢ @ 15.8 0

AST = aspartate aminotransferase; ALT = alanine amingtransferase. *NCl Commen
Toxicity Criteria, version 2.0.

toxicity were noted. Of the 17 patients who were treated as
outpatients, one patient required hospitalisation because of grade
3 nausea, anorexia, and fatigue during the middle of the first
course of treatment. Although one patient died within 8 weeks of
study enrollment because of rapid disease progression, no
treatment-related deaths were observed.

Pharmacokinetics

Table 4 and Figure 2 show the results of the pharmacokinetic study
for §-1 in the current study. The pharmacokinetic parameters for
5-1 in other cancers, as reported by Hirata et al (1999) are also
shown in Table 4 and Figure 2 for reference. Hirata et al
investigated the pharmacokinetic parameters after the single
administration of $-1 at a dose of 40mgm™ in 12 Japanese
patients with gastric, colorectal, and breast cancer. The parameters
of 5-FU in both studies were similar, and no large differences in
the parameters of other compounds, including CDHP, were seen.

DISCUSSION

Although most patients with biliary tract cancer have an
unresectable disease at the time of diagnosis, no standard
chemotherapies have been established for this disease {Hejna

British Jounal of Cancer (2004) 91(10), 1765~1774
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Table 4 Phamacokinetic parameters after single administration of S-1 at
2 dose of 40 mgm 2

Current study  Hirata's study

Compound Parameter {(n=8) (n=12)
FT Comax (ng ™" 1721.6+4004 1971042490
Tonase (1) 361 24412
AJC {pghml™) 2464301791500 282165 +77714°
Tie () 82420 i3.4£31
S-FU Corax (0gm™h) 146962} 1285415
Tonax (h) 40400 35417
AJC (nghmi™) 799.84+285.3 72394 2727°
T () 19403 19404
coHP Corane {(NETAI™H 24331645 28461166
Troase (1) 33410 21412
AUC {nghmi™") 1472.6-£361.6*  13722+5737°
Tun (b} 32407 30405
Oxo Corax (ngmi™Y) 55.3+484 7804582
T (M) 33210 23£ 10
AUC (nghmi™") 2304+ 14022 365.7 +248.6%
Tin (1) 28406 30414

Parasmeters are represented as mean+sd. *AUCh_ ., ZAUC,_ 45 “AUCH_ (s
*AUCy24. FT =tegafur 5-FU =5S-fuorouracl; COHP = 5-chloro-24-dinydroxypyr-
idine; Oxo =oteracil potassiurm,

Current study (7 =8)
4000 4000

Hirata's study (n =12}

= 1000 L L S " 1000 M

g g

5 100 £ 1004

8 .

g 5 ]

g 10 g 109

S 8
i T T 71 1T
0 2 4 68 1012 C 2 4 6 8 10 12 14

Time (h) Time (h)

Figure 2 Plasma concentration—time profiles of FT (@), 5-FU (R},
CDHP {O), and Oxo (O) after administration of S-1. The values are
expressed as the mean +s.d.

et al, 1998; van Riel et al, 1999; Okusaka, 2002; Yee et al, 2002).
Since biliary tract cancer is an uncommon disease, studies of
chemotherapy for biliary tract cancer are relatively few, and the
number of included patients is generally small. In addition, the
response rates and survival times described in published studies
are difficult to compare because most studies contain patients with
heterogeneous tumour groups, such as intrahepatic or extrahepatic
bile duct cancer and galibladder cancer. 3-flnorouracil has been the
most commonly studied drug for this disease, although the
antitumour effect of single-agent 5-FU is limited, with a response
rate of less than 20%. Although the combined use of 5-FU with
other agents, such as leucoverin, mitomycin C, or cisplatin, often
produces a response rate of over 20% (Polyzos et af, 1996; Ducreux .
et al, 1998; Taieb et al, 2002), the toxicities also become greater;
whether combination therapies contribute to prolonged survival
remains uncertain. In recent small-scale studies, gemcitabine has
shown relatively good response rates, ranging from 8 to 36%, for
biliary tract cancer (Mezger et al, 1998; Raderer ef al, 1999;
Gallardo et al, 2001; Gebbia ef al, 2001; Kubicka et al, 2001; Penz
et al, 2001; Tsavaris et al, 2004), but large-scale studies are needed
to confirm its efficacy. Therefore, the development of new effective
chemotherapeutic agents is urgently needed to improve survival in
patients with advanced biliary tract cancers.

A novel orally administered drug, S-1, has been developed based
on the biochemical modulations by CDHP, a dihydropyrimidine
dehydrogenase inhibitor, and Oxo, a protector against 5-FU-
induced gastrointestinal toxicity; S-1 has exhibited significant
antitumour effects on various solid cancers (Sakata et af, 1998;
Koizumi et al, 2000; Ohtsu et al, 2000; Inuyama et al, 2001;
Kawahara et al, 2001; Chollet et al, 2003; Van den Brande ef al,
2003}, Since the drug is available in oral form, $-1 has a potential
advantage, as far as patient convenience is concerned, especially in
terms of quality-of-life. This consideration is very important for
biliary tract cancer patients because their remaining lifespan is
generally short. Consequently, the efficacy of S-1 for the treatment
of biliary tract cancer was examined,

In the current study, S-1 produced a good response rate of
21.1%, which is superior to those obtained with other single
agents, including 5-FU, mitomycin C, and cisplatin (Table 5),
suggesting an antitumour effect of $-1 on biliary tract cancer, In
this study, patients with gallbladder cancer accounted for three of
the four responders; however, the efficacy of 5-1 for each primary
tumour site cannot be accurately assessed because of the small .
number of subjects analysed.

Table 5 Recent studies of single-agent chemotherapy for biliary tract cancer

No. of patients

Authoy Regimen Total Gallbladder Ca. Response rate (%) MST (months)
Takada et af (1994) S-FU 18 10 0 NA
Taal et of (1993) Mitornycin < 30 13 10 45
Okada et of (1994) Cisplatin 13 é 8 55
jones et of (1936) Paclitaxel 15 4 0 NA,
Pazdur et al (1999) Docetaxel 17 Q ¢ NA
Papakostas et al (2001) Docetaxel 25 16 20 8
Sanz-Altarnira et ol 2001) Winotecan B 10 8 10
Mezger et af (1998) Genmcitabine 13 4 8 NA
Raderer et af {1999) Gemcitabine 19 5 16 6.3
Penz et af (2001) Gemgcitabing® 2 10 P 1.5
Kubicka et of (2001) Gemcitabine 23 0 30 93
Gallardo et ol {2001) Gemcitabine 26 26 36 7
Gebbia et af (2001) Gerncitabing 18 12 2 8
Tsavaris et of (2004) Gemditabine 30 14 30 14
Current study S-1 19 16 21 8.3

5-FU: S-fluorouracl, MST: median survival time; NA; not avaiable. *Biweekly.
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Since patients with biliary tract cancer tend to suffer various
tumour-related complications, such as cholangitis and impaired
liver function, enhanced chemotherapy-related toxicities, includ-
ing neutropenic sepsis, are a concern. However, 5-1 was well
tolerated in the present study, and no grade 4 toxicities accurred.
Haematological toxicities were acceptable and similar to the results
of clinjcal studies examining $-1 for the ireatment of other cancers
in Japan. Gastreintestinal toxicities were also well tolerated, as in
the other Japanese studies, although strong gastrointestinal
toxicities, particularly severe diarrhoea, have been reported in
Western countries (van Groeningen ef al, 2000; Cohen et al, 2002;
Chollet et al, 2003; Van den Brande et al, 2003), The difference in
toxicities between the Japanese and Western studies remains

. unexplained, although the conversion of FT to 5-FU seems to occur
- more slowly in japanese patients than in patients from other ethnic
_ groups (Comets et al, 2003). A pharmacokinetic study suggested

that the pharmacokinetic parameters of S-i were similar in
patients with biliary tract cancer and in patients with other cancers
in Japan.

Since no serious adverse events occurred in this study, most of
the patients were treated as outpatients, enabling a relatively good
quality-of-life. The $-1 compliance rate of the patients was very
good (94.3%), with only one patient requiring a dose reduction
and only twe patients discontinuing S-1 because of toxicity. In
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view of the favourable toxicity profile, its evaluation in combina-
tion with other agents might be of particular interest to improve
therapeutic results. Combination therapy with $-1 and cisplatin
has already been conducted for gastric cancet, and an excellent
response rate of 76% was reported in a phase II study (Ohtsu et al,
2001).

In conclusion, the results of this study indicate that $-1 is a safe
and active agent for the treatment of patients with biliary tract
cancer. Further investigations of this agent are warranted in this
population of patients with a poor prognosis.
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