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UFT, an orally administered drug, is a combination of
tegaful, a prodrug of 5-FU, and uracil. a competitive inhibitor
of dihydropyrimidine dehydrogenase. A Japanese phase 2
study conducted in the early 1980s of UFT administered af a
daily dose of 300-600 mg exhibiled a 25% tumor response in
16 evaluable patients with advanced pancreatic cancer.” Re-
cently, we conducted a confirmatory phase 2 study of UFT at a
dose of 360 mp/m*/d, bul this study failed to confirm the initial
response finding; none of 21 patients achieved an objective
tumor response. ¥

S-1 is an oral antlcancer drup thatl consists of tegafur
{FT) as a prodrug of 5-FU, 5-chloro-2,4-dihydroxypyridine
{CDHP), and potassium oxonate (Oxo). The drug was devel-
oped in Japan to improve the tumor-selective toxicitly of 5-FU
by 2 biochemical modulators, CDHP and Oxo, CDHP is a
competitive inliibitor of diydropyrimidine dehydrogenase in-
volved in degrading 5-FU and maintains efficacious 5-FU con-
centrations in plasma and tumor tissues. Oxo, a competitive
inhibitor of orotate phosphoribosyltransferase, inhibits phos-
phorylation of 5-FU in the gastrointestinal fract and reduces
the serious gastrointestinal toxicity of 5-FU. S-1 has already
demonstrated a potent antitumor effect on various solid tumors
in clinical studies.” '* We conducted an early phase 2 study of
S-1 in patients with metastatic pancreatic cancer,'® and our
study showed promising resulis, with a 21% response rale in
19 evaloable patients, and a manageable toxicity profile of this
apgenl. We are conducting a multiinstitutional late-phase 2
study of S-1 for metastatic pancreatic cancer to confirm the
results in this study.

There has been hope that improved therapeutic results
might be obtained with 5-FU-based multiagent chemotherapy
since several agenis having at least some activity have been
identified. We performed a phase 2 trial of combined chemo-
therapy using 5-FU and cisplatin, a potential modulator of
5-FU, which itself showed some antitumor activity against
pancreatic cancer.’ 5-FU was administered at 500 mg/m®/d by
continuous intravenous infusion for 5 days and cisplatin was
administered at 80 mg/m? intravenously on the first day of ev-
ery 28 days. The therapy on this schedule had limited antitu-
mor aclivity, with only an 8% response rate in 37 patients,
With this treatment, 4 (21%) of the 2] patients obtained re-
markable symptom relief.'® Based on laboratory data suggest-
ing a profound schedule dependency for cytotoxicity of this
combination, Tsuji el al*® conducted a phase 2 trial of continu-
ous-infusion 5-FU and low-dose consecutive cisplatin for 39
patients with advanced pancrealic cancer. 5-FU (160 mg/mz.v'd)
was continuously infused over 24 hours for 7 consecutive
days, and cisplatin (3 mg/m?d) was administered over 30 min-
ules for 5 days, followed by a 2-day rest every 4 weeks. The
objective response rate was 28.2%, with a clinical benefif re-
sponscrale 0f 48.7% and a median survival time 0f 6,5 months.

Meost studies of 5-FU-based, multiageni chemotherapy
have documented litile reproducible impact on patient sur-
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vival, while all of these regimens have exhibited great toxicity.
Takada et al'" failed {o demonstrale a survival benefit of the
combination chemotherapy consisting of 5-FU, doxorubicin,
and mitomycin for Japanese patients with unresectable pancre-
atic and biliary cancer. Based on the results to date, 5-FU-
based chemotherapy cannot be recommended outside clinical
trials.

Chemotherapy Using Agents Other
Than Fluoropyrimidine

Various agents other than flucropyrimidine, iicluding
drugs developed in Japan, have also been studied in advanced
pancreatic cancer patients. CPT-11, a semisynthetic, water-
soluble derivative of the plant alkaloid camptothecin, has been
tested for this disease. Sakata et a)'® reportcd a 11.4% response
rate in a phase 2 trial employing 100 mg/m? given weekly or
150 mg/m? given biweekly, However, only 35 of the 57 eli-
gible patients were evaluable for efficacy in this study, A con-
finmalory phase 2 study is now underway in Japan.

Daocetaxel, a semisynthetic taxane, has also been evalu-
ated. In a French study, Rougier et al'? reported 5 objective
responses (29%) in 17 advanced pancreatic cancer patients in
the injtial report, and 6 responses (15%) in 40 patients in the
final report. However, subsequent trials, including a Japanese
study, could not confirm the favorable results, Nonc of the 21
patients in the Japanese trial showed a response.’ »

(Gemcitabine is a deoxycytidine analog that is capable of
inhibiting DNA replication and repair. Gemcitabine has the
potential for great activity against various solid tamors, includ-

. ing pancreatic cancer, because of its prolonged inhibition of

both cell synthetic function and progression through the cell
¢ycle. In the randomized trial comparing gemcitabine with
5-FU, gemcitabine showed significantly better resulis in clini-
cal benefit response and survival.?' Accordingly, pemcitabine
has been accepted as first-line chemotherapy for advanced
pancreatic cancer. In the phase 1 trial conducted in Japan be-
fore this randomized trial, the recomimended dose schedule of
gemcitabine was 800 mg/m? weekly x 3, followed by 1 week
of rest, with leukocylopenia as dose-limiting toxicity.” How-
ever, in most trials of gemcitabine for pancreatic cancer, in-
cluding the previous randomized study, a dose of 1000 mg/m?
has been employed and approvéd in Western couniries. There-
fore, we conducted a phase | trial (o confirm the tolerability of
weekly scheduled gemcitabine at a dose of 1000 mg/m? in
Japanese patients with advanced pancreatic cancer.®® This
study showed low mmdence of dose-limiting toxicity, suggest-
ing that 1000 mg/m? gemcitabine weekly x 7, followed by 1
week resl and again weekly x 3 every 4 weeks may be tolerated
in Japanese patients with advanced pancreatic cancer. In this
trial, a parlial response was obtained in 2 (18%} of the 11 en-
rolled palients with metastatic pancreatic cancer and a clinical
benefit response was achieved in 2 {29%) of the 7 evaluable
patients. Based on the consistency in response and toxicity of
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Chemotherapy for Pancreatic Cancer

this study with those of previous Western trials, gemcitabine .

was approved for pancreatic cancer treatment in Japan in 2001.

Despite worldwide agreement on the role of gemcitabine
as a [irst-line treatment in advanced pancrealic cancer, thera-
pies that can achieve more significant survival advantages are
needed because prognosis for patients wilh this disease still
remains very poor. Based on preclinical and clinical data
showing favorable antitumor effects of gemeitabine in combi-
nation with other cytotoxic agents, additional trials of gem-
citabine-based regimens, including gemcitabine plus S-1, are
in progress in Japan. Several trials of new agents arising from
our increased understanding of the pathobiology of pancreatic
cancer are also underway to identify compounds with activity
against this disease.

RESULTS IN PATIENTS WITH
RESECTABLE DISEASE

Although surgical resection has offered the only curative
strategy for pancreatic cancer, the long-term outcome afier re-
section remains poor. Chemotherapy can play a role as an ad-
juvant freatment after resection for pancreatic cancer; there is
hope that postoperative local recurrence and metastasis will be
reduced with addition of chemotherapy, resulting in improved
survival.

Takada et al** conducted a randomized, controlled trial
to evaluale posioperative adjuvant chemotherapy with mito-
myecin C and 5-FU in patients with resected pancreaticobiliary
cancer. In this trial, patients were stratified according to dis-
ease and institution. One-hundred fifty-eight patients with re-
sected pancreatic cancer were then randomly assigned to ad-
juvant chemotherapy {81 patients) or surgery alone (77 pa-
tients). The 5-year survival rate in pancreatic cancer patients
was 11.5% in the adjuvant group and 18.0% in the no-adjuvant
group, with no significant difference noted between the
£roups.

A multicenter randomized trial in 89 Japanese patienis
with resected pancreatic cancer compared adjuvant cisplatin
and 5-FU for 2 courses afler pancreatectomy with surgery
alone, No statistical differences in survival were seen between
the 2 groups, although the 5-year survival rate {or patients with
adjuvant therapy was somewhal better than for those treated
with surgery alone (unpublished data). Given gemcitabine’s
favorable results in patients with advanced pancreatic cancer.
we are now conducting an additional cooperative group study
comparing adjuvant chemotherapy using gemcitabine and ob-
scivation alone after pancreatic resection. Ten centers are par-
ticipating in this study, which began accrval in 2002, Final
analysis of the study is expected in 2006.

CONCLUSION
Pancreatic cancer is a major cause of cancer-related mor-
tality in Japan and remains the most virulent disease in the
world. At present, chemotherapy is of limited value in the
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treatment of pancreatic cancer, ajthough gemcitabine has been
accepled as [irst-line chemotherapy for advanced pancreatic
cancer. However, various trials are being atiempled that we
hope will resull in improving patient survival. Clinical trials of
novel agents or gemeitabine-based regimens may be manda-
tory for the further development of chematherapy for pancre-
atic cancer. Moreover, the evolving understanding of molecu-
lar and genetic biology should facilitate research to develop
novel target-based agents and to establish individualized
therapy regimens for this disease,
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Abstract Pancreatic cancer is the fifth leading cause of
cancer-related mortality in Japan, with an estimated
annual incidence rate of approximately 20,000 cases.
Even in patients with resectable disease, the long-term
outcome remains unsatisfactory due to early recurrence
after resection. However, surgical resection has offered
the only curative strategy for pancreatic cancer. Cur-
rently available chemotherapeutic agents have little
impact on survival, although the development of gem-
citabine has renewed interest in clinical research for
pancreatic cancer. To further improve the prognosis of
patients with pancreatic cancer, the development of
more effective nonsurgical treatment is essential. Studies
to identify more effective treatments, such as chemo-
therapy, interventional therapy and gene therapy, are
ongoing in Japan. The expanding understanding of
molecular and genetic biology should facilitate research
to develop novel molecular-targeted agents and
to establish individualized therapy regimens for this
disease.
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Introduction

Pancreatic cancer is the fifth leading cause of cancer-
related mortality in Japan. The estimated annual inci-
dence is approximately 20,000 cases, which is similar to
its mortality [26). Of all the treatment modalities for
pancreatic cancer, only resection offers the opportunity
for cure. However, because of local extension andfor
metastatic disease, only a small minority of pancreatic
cancer patients are candidates for resection with curative
intent. Moreover, even for these selected patients, the
prognosis remains unsatisfactory because of postopera-
tive recurrence, indicating that surgery alone has limited
value in the treatment of pancreatic cancer. Accordingly,
to improve the overall survival of patients with pancre-
atic cancer, there is an urgent need to develop effective
nonsurgical treatment for this disease. Various studies
have been conducted to identify more effective nonsur-
gical treatments for pancreatic cancer in Japan. This
review focuses on new approaches for chemotherapy in
patients with advanced pancreatic cancer, and intro-
duces other approaches including nonmyeloablative
allogeneic stem cell transplantation and gene therapy.

Fluoropyrimidine-based chemotherapy in Japan

Of all chemotherapeutic drugs, the thymidylate syn-
thase inhibitor fluorouracil (5-FU) has been the most
extensively evaluated and most widely used agent for
pancreatic cancer in Japan. Since the results with this
agent remain poor, with reported response rates
reaching 20% [17), there have been various attempts at
biochemical modulation to enhance the antitumor
activity of 5-FU through different agents. In Japan,
sequential administration with methotrexate and 5-FU
has been examined, but the antitumor activity of this
regimen appears to be only marginal [9]. UFT is an
orally administered drug developed in Japan that is a
combination of tegafur, a prodrug of 5-FU, and uracil,



a competitive inhibitor of dihydropyrimidine dehy-
drogenase. Unfortunately, clinical trials of this agent
have demonstrated little superiority in therapeutic
effect to 5-FU alone against advanced pancreatic
cancer [22, 31].

S-1 is an oral anticancer drug, which consists of
tegafur (FT), 5-chloro-2,4-dihydroxypyridine (CDHP},
and potassium oxonate (Oxo). The drug was developed
in Japan to improve the tumor-selective toxicity of 5-FU
by two biochemical modulators, CDHP and Oxo.
CDHP is a competitive inhibitor of dihydropyrimidine
dehydrogenase involved in degradation of 5-FU, and
maintains efficacious 5-FU concentrations in plasma
and tumor tissues. Oxo, a competitive inhibitor of oro-
tate phosphoribosyltransferase, inhibits phosphoryla-
tion of 5-FU in the gastrointestinal tract and reduces the
serious gastrointestinal toxicity of 5-FU. $-1 has already
demonstrated a potent antitumor effect in various solid
tumors in clinical studies [7, 11, 12, 16, 25, 27], We
conducted an early phase II study of S-1 in patients with
metastatic pancreatic cancer [19]). This study showed
promising results with a 21% response rate in 19
evaluable patients and a manageable toxicity profile of
this agent. We are conducting a multi-institutional late
phase II study of S-1 for metastatic pancreatic cancer to
confirm these results.

There has been hope that improved therapeutic
results might be obtained with 5-FU-based multiagent
chemotherapy, since several agents having at least some
activity have been identified. Cisplatin has been the most
extensively used agent as a potential modulator of 5-FU,
and has itself demonstrated some antitumor activity
against pancreatic cancer. The combination of continu-
ous infusion of 5-FU and bolus administration of cis-
platin has been found to have limited antitumor activity,
with only an 8% response rate in 37 Japanese patients
(15]. With this treatment, 4 (21%) of 21 patients
obtained remarkable symptom relief [20]. Based on
laboratory data suggesting a profound schedule depen-
dency for the cytotoxicity of this combination, Tsuji and
colleagues conducted a phase II trial of continuous-
infusion 5-FU and low-dose consecutive cisplatin in 39
patients w1th advanced pancreatic cancer {30]. 5-FU
(160 mg/m? per day) was continuously infused over 24 h
for seven consecutive days and c1splatm (3 mg/m? per
day) was administered over 30 min for 5 days followed
by a 2-day rest period, every 4 weeks. The objective re-
sponse rate was 28.2%, with a clinical benefit response
rate of 48.7% and a median survival time of 6.5 months.

Most studies of 5-FU-based multiagent chemother-
apy have documented little reproducible impact on
patient survival, while all of these regimens exhibit great
toxicity. Takada and coworkers failed to demonstrate a
survival benefit for combination chemotherapy consist-
ing of 5-FU, doxorubicin and mitomycin for Japanese
patients with unresectable pancreatic and biliary tract
cancer compared to palliative surgery alone [29]. Based
on the results to date, 5-FU-based multiagent chemo-
therapy cannot be recommended outside clinica! trials.
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Chemotherapy using gemcitahine

Gemcitabine is a deoxycytidine analog that is capable of
inhibiting DNA replication and repair. Gemcitabine has
the potential for great activity against various solid
tumors including pancreatic cancer. This is because of
gemcitabine’s prolonged inhibition of both cell synthetic
function and progression through the cell cycle. In a
randomized trial comparing gemcitabine with 5-FU,
gemcitabine showed significantly better results in terms
of clinical benefit and survival [3]. Accordingly, gemcit-
abine has been accepted as first-line chemotherapy for
advanced pancreatic cancer. In the phase I trial con-
ducted in Japan before this randomized trial, the rec-
ommended dose schedule of gemcitabine was 800 mg/m?
weekly %3 followed by | week of rest, with leukocy-
topenia as the dose-limiting toxicity [28]. However, in
most trials of gemcitabine for pancreatic cancer includ-
1n§ the previous randomized study, a dose of 1000 mg/

has been employed and approved in Western coun-
tries. Therefore, we conducted a phase I trial to confirm
the tolerability of a weekly schedule of gemcitabine at a
dose of 1000 mg/m? in Japanese patients with advanced
pancreatic cancer [I8]. This study showed a low inci-
dence of dose-l1m1tmg toxicity, suggesting that gemcit-
abine at 1000 mg/m?* weekly x7 followed by ! week rest
and weekly X3 every 4 weeks may be tolerated in Japa-
nese patients with advanced pancreatic ¢cancer. In this
trial, a partial response was obtained in 2 (18%) of the
11 enrolled patients with metastatic pancreatic cancer
and a clinical benefit response was achieved in 2 (29%)
of the 7 evaluable patients. Based on the consistency in
response and toxicity of this study with those of previous
Western trials, gemcitabine was approved in Japan for
the treatment of pancreatic cancer in 2001.

Despite worldwide agreement on the role of gemeit-
abine as a first-line treatment in advanced pancreatic
cancer, only a minority of patients obtain clear benefits
such as symptom relief and prolongation of survival
from the administration of gemcitabine. Accordingly, it
is important to establish effective methods for estimating
individual drug response and toxicity, We are currently
conducting a pharmacogenomics study for gemcitabine
to identify polymorphisms of genes encoding drug-
metabolizing enzymes and membrane-transporter pro-
teins for gemcitabine and its metabolites, and their
correlation with pharmacokinetics, toxicity and tumor
response in pancreatic cancer patients. In this study,
evidence for functional single-nucleotide polymorphisms
responsible for gemcitabine metabolism is accumulating.
This gene-based information has the potential to aid in
the establishment of individualized therapy regimens
using gemcitabine for pancreatic cancer.

Based on preclinical and clinical data showing the
favorable antitumor effects of gemcitabine in combina-
tion with other cytotoxic agents, additional trials of
gemcitabine-based regimens including gemcitabine plus
§8-1 are in progress in Japan.
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Other new agents

Several novel chemotherapeutic agents developed in
Japan, such as irinotecan, exatecan, UCN-01, NK911,
capecitabine and S-1, have been evaluated in clinical
trials for pancreatic cancer in Japan andfor other
countries. It is hoped that improved therapeutic results
might be obtained using these agents either singly or in
combination with gemcitabine. This section focuses on
irinotecan and NKO911, clinical trials of which are
ongoing for pancreatic cancer patients in Japan.

Irinotecan, a semisynthetic, water-soluble derivative
of the plant alkaloid camptothecin, induces antitumor
activity by inhibition of topoisomerase I. The single-
agent antitumor activity of irinotecan in pancreatic
cancer has been demonstrated in two phase II studies
[24, 33]. In the first study conducted in Japan, admin-
istration of irinotecan at 100 mg/m? weekly or 150 mg/
m? every other week to previously untreated patients
resulted in a response rate of 11% in the 35 assessable
patients treated [24]. In the second study, conducted by
the European Organization for Research and Treatment
of Cancer (EORTC), an irinotecan regimen of 350 mg/
m? every 3 weeks induced partial responses in 9% of the
32 assessable patients [33]. A confirmatory phase Il
study is now underway in Japan. While no significant
survival improvement with the combination of irino-
tecan and gemcitabine over gemcitabine alone has been
reported recently [23], this agent may have the potential
to be used in gemcitabine-refractory patients.

A new agent, developed based on the pathobiology
of pancreatic cancer, is also being studied in a clinical
trial for treatment of this disease. NK911 is a doxo-
rubicin-encapsulated polymeric micellar nanoparticle
[10]. The polymeric micelle carrier of NK911 consists
of a block copolymer of polyethyleneglycol and pol-
yaspartic acid. Polyethyleneglycol is expected to be in
the outer shell of the micelle. NK911 has a highly
hydrophobic inner core, and therefore can entrap a
sufficient amount of doxorubicin. After the NK911 is
extravasated from the tumor vessels, doxorubicin is
released from NKOG11. It is suggested that pegylated
liposomal doxorubicin (known as Doxil) can deliver
doxorubicin to a solid tumeor, via the enhanced per-
meability and retention (EPR) effect, more efficiently
than NK911. This is because pegylated liposomal
doxorubicin is more stable in the bloodstream. How-
ever, it is expected that NK911 can distribute more
doxorubicin into cancer cells distant from the tumor
vessel than can pegylated liposomal doxorubicin, once
NKO911 is extravasated from the tumor vessel. It is,
therefore, suggested that NK911 may be more effective
against cancers where the tumor vessel network is
rough due to an abundant collagen-rich matrix, e.g.
pancreatic cancer. In a phase I trial, NK911 was well
tolerated and produced only moderate nausea and
vomiting at myelosuppressive dosages. A partial
response was obtained in one patient with gemcitabine

refractory pancreatic cancer [13]. A phase II study of
NK911 is ongoing in Japan.

A novel arterial infusion chemotherapy

Homma and coworkers have reported a novel arterial
infusion chemotherapy for advanced pancreatic cancer
{8). To restrict the blood flow into the pancreas, the
peripancreatic blood vessels were embolized superselec-
tively with microcoils. The catheter tip for continuous
arterial infusion of 5-FU and cisplatin is placed in the
splenic artery just proximal to the branching of the great
pancreatic artery for treatment of the primary tumor,
and in the common hepatic artery for treatment of
metastatic liver lesions. In 3! patients with advanced
pancreatic cancer, 2 achieved a complete response and
16 showed a partial response. The median survival per-
iod of all patients was 18.3 months. They concluded that
this treatment is effective against both primary tumor
and metastatic lesions in unresectable pancreatic cancer
patients.

Other approaches in Japan

Allogeneic stem-cell transplantation has been proven to
have potent antitumor effects not only in patients with
hematologic malignancies but also in those with solid
tumors [6, 32]. Successful nonmyeloablative allogeneic
peripheral blood stem-cell transplantation has been
reported in patients with metastatic renal cell carcinoma,
and the results with this treatment are consistent with a
graft-versus-tumeor effect [4, 5]. Omuro and colleagues
described a patient who showed continuous regression
of unresectable pancreatic tumor following non-
myeloablative allogeneic peripheral blood stem-cell
transplantation, which was considered to be attributed
to a graft-versus-tumor effect {21]. Based on the results
of the report and those for other malignancies, clinical
trials of nonmyeloablative allogeneic peripheral blood
stem-cell transplantation are being conducted with
pancreatic cancer patients in several institutes in Japan.

Increased understanding of the biology of pancreatic
cancer could provide the potential to develop entirely
novel treatment options. One innovative approach for
therapy is a combination of interferon « and antisense
K-ras [I4). We have shown that interferon « gene
transduction into pancreatic cancer cells induces growth
suppression and cell death in the cells; an effect that
appears to be more prominent when compared with
other types of cancers and normal cells. Another strat-
egy developing for pancreatic cancer targets its charac-
teristic genetic aberration, K-ras point mutation. It has
been reported that the expression of antisense K-ras
RNA significantly suppresses the growth of pancreatic
cancer cells [1, 2). When these two gene therapy strate-
gies are combined, the expression of antisense K-ras



RNA significantly enhances interferon a-induced cell
death (1.3- to 3.5-fold), and suppresses subcutaneous
growth of pancreatic cancer cells in mice. Because the
2,5 -oligoadenylate synthetase/RNaseL pathway, which
is regulated by interferon and induces apoptosis of cells,
is activated by double-strand RNA, it is plausible that
the double-strand RNA formed by antisense and
endogenous K-ras RINA enhances the antitumor activity
of interferon «. This study suggested that the combina-
tion of interferon o and antisense K-ras RNA is a
promising gene therapy strategy against pancreatic
cancer,

Conclusion

Pancreatic cancer is a major cause of cancer-related
mortality in Japan. At present, nonsurgical therapy is of
limited value in the treatment of pancreatic cancer, but
various approaches are being attempted that we hope
will result in improved patient survival. The evolving
understanding of molecular and genetic biology should
facilitate research to develop novel target-based agents
and to establish individualized therapy regimens for this
disease.
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Phase Il study of radiotherapy combined with gemcitabine for
locally advanced pancreatic cancer

T Okusaka™', Y Ite?, H Ueno', M lkeda', ¥ Takezako', C Morizane' ¥ Kagami? and H Ikeda?

! Hepatobiliary and Poncreatic Oncology Division, National Cancer Center Hospital, 5-1-1 Tsukifi, Chuo-ku, Tokya 104-0045, Jopan; 2Radiation Oncology
Division, National Cancer Center Hospital, Tokyo, Jopan

Gemcitabine has been reported to be a potent radicsensitiser in human pancreatic cell lines. This study was conducted to evaluate
the efficacy and toxicity of radictherapy 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 aver 5.5 weeks) and weekly gemcitabine (250 mgm™2, 30-min infusion), Maintenance gemcitabine (1000 mgm™2 weekly
% 3 every 4 weeks) was initiated | month after the completion of the chemoradiotherapy and continued until disease progression or
unacceptable toxicity. Of the 42 pattents, 38 (20%) 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
disease progression at the time of analysis, 34 (979%) 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 parcreatic cancer, chemoradiotherapy has been accepted
as standard treatment because 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 chemotherapy
alone (Gastrointestinal Tumor Study Group, 1988). In attempts 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, 1997). Gemcitabine has also been shown to be

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

profile. Future investigations for treatrment with more systemic effects are warranted.
British Journal of Cancer (2004) 91, 673-677. doi:10.1038/s).bjc.6602001
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a potent radiosensitiser in human pancreatic and other solid
tumour cell 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 [ trial that was conducted in
our hospital determined the recommended dose of weekly
gemcitabine for the phase II chemoradiotherapy trial to be
250mgm™? (lkeda et al, 2002). We report our results of the phase
IT study that was conducted to clarify the efficacy and toxicity of
concomitant chemoradiotherapy 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
>4000mm’®, platelet count >100000mm? haemoglobin level
=10gdl™'); adequate renal function (normal serum creatinine
and blood urea nitrogen levels, and a creatinine clearance level
260mg min~'); & serum aspartate aminotransferase (AST) level
«<2.5 times upper normal limit (UNL); a serum alanine
aminotransferase (ALT) level <2.5 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
2.0mgdi™" 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.
Obstruction 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 and/or
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 time was 14 months, type | error was 5% (one-tailed) and
statistical power was 70%.

Radiotherapy was delivered via a racetrack microtron (MMS50,
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
FOCUS (version 3.2.1, CMS, 5t Louis, MO, USA) was used as a
radiotherapy treatment planning system. Clinical target volume
(CTV) included the primary tumour, nodal involvement 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 2
10-mm margin. Pour field techniques (anterior, posterior and
opposed lateral fields) were used. Spinal cord dose was maintained
below 45 Gy and 250% of liver was limited to <30Gy, 250% of
both kidneys were limited to <20Gy.

Gemcitabine at a dose of 250 mgm™? was given intravenously
over 30 min starting 2h before radiotherapy weekly for 6 weeks.
This schedule was based on an in vitro 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 3.0-5.0 times UNL, serum AST/
APT of 5.0-10 times UNL and/for 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
and/or 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
toxicities (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 observed. At 1 month after the completion of
chemoradiotherapy, maintenance chemotherapy of gemcitabine at
a dose of 1000 mg m™* was administered as a 30-min intravenous
infusion weekly for 3 weeks with 1-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 Jevels were measured monthly by
a radioimmunometric assay using the Centocor radicimmunoas-
say kit (Centocor, Inc., Malvern, PA, USA).
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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 18.0-45.0 Gy. The reasons for the treatrment 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 3 or more leucopenia and/or
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 modified in subsequent injections. Maintenance chemother-
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 (12%) 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 a pretreatment serum CA19-9 (carbohydrate
antigen 19-9} level of 100 Um!™! or greater, the level was reduced
more than 509% within 14 weeks after initiation of treatment.

Table | Patient characteristics
Number of patients 42
Gender

Male 19 (45%)

Fernale 23 (55%)
Age (years)

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

12 (29%)

I 30 (71%)
Tumour lacation

Head 21 (5098}

Body-tal 11 (50%)
CEA (ngmi™')

Median (range) I (1.0-627)

CAI9-9 (Umi™")

Median (range) 775 (1-15620)

ECOG = Eastern Cooperative Oncology Group; CEA = carcinoembryonic antigery
CAI9-9 = carbohydrate antigen 19-9.

© 2004 Cancer Research UK



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
occurred in one patient (2%) 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 (90%). In total, 14 patients
(33%) required 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 4351U17Y), although the serum ALT levels of both recovered

Table 2 Patterns of initial disease progression

Local No. (%)
Distant metastasis 33(99)
Peritoneumn 17 (49)
Liver 15 (43)
Lymph node 1 (3
Ovary 1(3)
Bone 13
Local and distant metastasis 1 (3)
100 7
S
&
@
= 507
_g Overall survival
c
= }
w JLL L 1, I ] Il
Progression-free 1 L
survival
0 B
T T T T L]
0 6 12 18 24 30
Months after treatment
Figure | Progression-free survival and overall survival curves of patients

with locally advanced pancreatic cancer receiving radiotherapy with
gemcitabine.
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Table 3 Acute toxicity

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

Haematological toxicity
Leucocytopenia 3N 17 (40) 21 (50) 1)
Neutropenia 92 15 (38) 11 (26) 3(7)
Thrombcoytopenia 22 (52) 2(9 L (2) (eX(0)]
Anaemia 21 (50) 17 (40) 0 (0) 1* (2)

Monhgematological toxicity
Total bilirubin 10 (24) 5(12) 1 3) 0 (0)
AST 14 (33) S (12 1 (2) A ()]
ALT 15 (36) 11 (26) 4(10) 0 (0)
ALP 15 (36) 5(12) 00) 0O
Creatinine 0 {0) 00 0 {0) 0O
Anorexia 3210 5(12) 10 (24) 14 (33)
MNausea 11 (26) 11 {26) 9 (21) 0
Vorniting 10 (24) 707 0 {0 0
Diarrhoea I {2} 1 (2) 0 0 {0
Mucositis 0(0) 0(0) 0 0O
Buodenal ulcer 0 0 (0) 0(0) 1*@)
Fatigue 17 (43} 14 (33) 2(5 0 {©)
Skin rash 0 (0 I (2) 0 (O 0O
Infection 0 0(0) 0O 1* {2)

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

to the grade 1 levels 4 days after discontinuation of the treatment.
We suspected that the ALT elevation in these two patients 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; Gastrointestinal
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 et al, 1990; Wagener et al,
1996; Thomas et al, 1997; Prott et al, 1997; Okusaka et al, 2001).
However, marked improvement in their survival has not been
observed. In an attempt to optimise radicsensitisation, radio-
therapy with protracted 5-FU infusion has been examined recently,
but the median survival times were similar to those observed in
previous studies (Ishii et al, 1997).

Germncitabine 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 mechanism 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 I studies for radiotherapy
with gemcitabine have been conducted (McGinn et al, 2001; Pipas
et al, 2001; Wolff et al, 2001; Tkeda et al, 2002; Poggi et al, 2002),

British Journal of Cancer (2004) 91{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
250mgm™2, because three of the six patients give a dose of
350 mgm™? of gemcitabine demonstrated dose-limiting toxicities
involving neutropenia/leucopenia and elevated transaminase
(Tkeda 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 nausea 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 al, 1997). This
suggests that gemcitabine at a dose of 250mgm™ 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 attempted. 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 et al, 2001; Muler
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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 5 days a
week, and received protracted 5-FU infusion {200 mg/m?/
day) during the radiation course, The maximum-taoler-
ated dose was defined as one dose level below the dose
at which morethan one third of 3-6 patients experienced
dose-limiting toxicity. Results: Twenty-nine patients
were enrolled in this study. The most common toxicities
were hausea/vomiting and anorexia. Although 1 patient
developed bleeding from a gastric ulcer 3 months after
the completion of chemoradiotherapy, the maximum-
tolerated dose was not reached even at the highest dose

leve! (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 currently con-
ducting a phase I 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
disease 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 [5, 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 hypes-
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 criteria included (1) locally advanced unresectable
pancreatic cancer; (2) histologically or cytologically ¢onfirmed 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
=z 10 g/dl, platelet count =100,000/ul, normal serum creatinine
level, serum total bilirubin level =2.0 mg/dl, serum albumin level
= 3.0 g/dl 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; pregnaunt 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 needle 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 written
informed consent before entry into the study,

Treatment

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

Study Dose/fraction Total Total Treatment
cohort Gy fractions dose, Gy duration, days
l 1.2 38 45.6 25

2 1.2 42 50.4 29

3 1.2 46 55.2 31

4 1.2 50 60.0 3

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 previous 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 treatment
planner {FOCUS, Computerized Medical Systems, St. Louis, Mo.,
USA). Contours of the clinical target volume, which included the
primary tumor, regional lymph 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 a2 10-mm margin of normal tissue surrounding the clinical
target volume was defined on each CT image and on the craniocau-
dal dimension. Four field techniques (anterior, posterior and op-
posed lateral fields) were used. Spinal cord dose was maintained
below 45 Gy, =50% 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 common 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 toxicity occurring 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 effacts, the adverse effects were considered
DLT.
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Radiation dose escalation was scheduled to proceed as follows.
Initially, 3 patients werc to be studied in cohort . 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. Ifonly 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.

Follaw-up CT was performed every 2 months to assess objective
tumor response aceording to World Health Organization criteria
[{1]. Progression-free and overall survival were measured from the
Ist day of study entry, and the survival rate was calculated by the
Kaplan-Meier method, Serum CA 19-9 levels were measured
monthly by radicimmunometric assay using the Centocor radioim-
munoassay kit {Centocor, Malvern, Pa., USA).

Results

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 [1l 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%) completed the scheduled
course of chemoradiotherapy. However, the remaining 5
had to abandon treatment because of adverse effects: nau-
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 toxicity, | patient at level 5 showed

Hyperfractionated Chemoradiotherapy for
Pancreatic Cancer

Table 2. Patient characteristics {n = 29)

Characteristics Patients
n U

Gender

Men 17 59

Women 12 41
Performance status

0 5 17

1 24 83
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 years (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 | 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 I study was not reached even
at the highest dose level (fevel 5, 64.8 Gy).

Therapeutic Resuits and Patient Outcome

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 level was reduced more than

Oncology 2004:67:215-221



Table 3. Treatment-related toxicity (n = 29}

Toxicities Study cohort
1 2 3 4 5
456 Gy (n=6) 504Gy (n=3) 552Gy(n=7) 60.0 Gy (n = 6) 648 Gy{(n="T)
1,2 3 4 1,2 3 4 1,2 3 4 ,2 3 4 1,2 3 4
Hematological
Anemia 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0
Leukocytopenia 3 0 0 3 0 ¢ 6 1 0 3.0 0 4 0 O
Neutropenia 3 0 0 2 0 0 2 2 0 2 0 0 l 0 0
Thrombocytopenia 0 0 0 0 0 0 0O 0 0 2 0 0 0 0 1
Non-hematological
Anorexia 2 3 0 2 0 0 4 3 0 1 3 0 3 3 4]
Nausea/vomiting 5 0 0 3 0 0 7 0 0 3 2 0 7 0 0
Diarrhea 1 0 0 1 ¢ 0 1 1 0 1 0 0 3 0 0
Stomatitis 0 O 0 0 0 0 1 0 0 0 0o o0 !0 0
AST/ALT 3 0 0 1 0 0 3 0 0 1 I 0 2 0 0
Alkaline phosphatase [ 0 0 0 ¢ © 1 0 0 2 ¢ 0 0 0 0
Skin rash [ 0 0 ¢ 0 0 2 0 0 | 0 0 0 0 0
Abdominal pain 1 0 O o 0 0 1 0 0 ¢c 0 o 1 0 0
Fatigue 3 1 0 2 0 0 5 0 0 4 0 0 5 0 0
Weight loss 0 0 0 1 0 0 2 0 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
with DLT -at DLT, Gy
1(45.6 Gy) 62 1 suspension of treatment for >10 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 1 grade 4 thrombocytopenia 52.8

ALT = Alanine aminotransferase,

2 One patient developed gastric ulcer 3 months after the completion of chemoradiotherapy.
® Due to nausea/vomiting and anorexia.

Oncology 2004;67:215-221
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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
Peritoneum 1
Liver and peritoneum 2
Lung and peritoneum 1
Local and distant® 2 7

3 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 l-year progression-free
rate were 5.4 months and 20.2%, respectively, The me-
dian survival time (MST) and [-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 locally advanced pancreatic
cancer.

Hyperfractionation is expected to produce a differen-
tial effect between the respense 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 l-year survival rate were 35 weeks and

Oncology 2004;67:215-221



Table 6. Comparison of toxicity, response rate and MST

Toxicity and response Patients, n (%)

current study  conventional regimen

(n=29) (n=20)
=Grade 2 toxicity
Leukocytopenia 8(28) 4 {20
Thrombocytopenia 1(3) 0 (0}
Nausea/vomiting 21(72) 3(15)
Diarrhea 2(7) 00
Stomatitis 0 (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
locally 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. Our conclusions were consistent
with the results of the recent phase I-II 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
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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 S-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-
ly 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 gastrointestinal tox-
icities, and 3 of the 8 patients abandoned chemoradic-
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 long-term survival.

In conclusion, the toxicity associated with our regimen
was tolerable up to dose level 5 (64.8 Gy). Hoping to dem-
onstrate a superior survival benefit for patients with lo-
cally advanced pancreatic cancer, we are currently con-
ducting a phase II 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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