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Neoadjuvant Chemotherapy for Colorectal Cancer: Takeo Sato, Masanori Naito, Atsushi lkeda, Naoto Ogura, Hirohisa
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Summary

Surgery continues to play an important role in the curative treatment of gastrointestinal cancer. Recently, considerable
progress has been made in chemotherapy and radiotherapy. In particular, chemotherapy with FOLFIRI and FOLFOX has pro-
longed survival in patients with colorectal cancer. Molecular-targeted agents have also enhanced the effectiveness of chemo-
therapy. However, radical resection offers the potential for a cure and is unsurpassed by any other treatments. Nonetheless,
further improvement in survival is unlikely to be achieved by surgery alone. Studying how treatment regimens highly effective
against unresectable or recurrent colorectal cancer can be adapted to patients with resectable disease is thus an important
issue. Key words: Advanced colorectal cancer, Neoadjuvant chemoradiation therapy, Neoadjuvant chemotherapy, Corre-
sponding author: Takeo Satc, Department of Surgeéry, Kitasato University School of Medicine, 2-1-1 Asamizodai, Minami-
ku, Sagamihara, Kanagawa 252-0304, Japan
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Relation between Qutcomes and Regponse to Neoadjuvant Chemoradiotherapy in Locally Advanced Rectal Can-
cer: Sato T, Tkeda A, Naito M*, Ogura N*, Miwra H*, Tsutsud A%, Nakammnra T* and Watanabe M (¥1Depart-
ment of Surgery, Kitasato University School of Medicine)

Objectives: To clarify the therapeutic effectiveness of neoadjuvant chemoradiotherapy (NCRT) with S-1 and irinote-
can, we studied histopathclogical results and outcomes in a phase I /1 study in patients with locally advaunced rectal
cancer treated at our hospital.

Sabjects: We studied 76 patients enrolled in a phase I /1 study of NCRT with S-1 (80 mg/m?) and irinotecan (80
mg/m?).

Regults: The median follow-up was 4.6 years, and 20 patients (26.3%) had recurrence. The rate of recurrence accord-
ing to tumor grade was 61.9% (13.21) in grade I, 24.0% (6/25) in grade 1, and 3.3% (1/30) in grade M. Other types of
cancer (outside of the radiation field) developed in 2 patients. Nine patients (11.8%) died, including 6 deaths (7.9%)
from rectal cancer.

Conelusions: In grade 1T disease, only 1 patient with systemic metastases had recurrence, Among patients with grade
1 disease, a high proportion had distant metastases, irrespective of clinical characteristics. Our results suggest that
treatment response to NCRT is related to outcomes in patients with locally advanced rectal cancer. Future clinical trials
of NRCT in advanced lower rectal cancer should assess the relation between treatment response and outcomes. Ways to
predict treatment response on the basis of biopsy specimens obtained before therapy should also be investigated.
Key words: Local advanced rectal cancer, Neoadjuvant chemoradiation therapy, S-1, CPT-11
Jtn J Cancer Clin 58 (6) 1 397~401, 2012
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Abstract Gastric cancers with portal tumor thrombosis
{(GCPTs) are a rare entity, often concomitant with hema-
togenous metastases, and chemotherapy is mainly used to
treat them. However, the outcome of GCPT is reported to
be dismal. We experienced a case of GCPT with splenic
metastases. A 53-year-old man was admitted for anorexia.
Upper gastrointestinal scope revealed type 3 gastric cancer
of the stomach. Abdominal computed tomography showed
a huge tumor thrombus in the splenic vein extending to the
hepatic hilus and multiple metastases to the spleen. S-1 was
given orally from day 1 to day 21 and 60 mg of CDDP was
administered intravenously. The cancerous thrombosis in
the portal system and splenic metastases disappeared due to
chemotherapy. Total gastrectomy with lymphadenectomy
and splenectomy was carried out with curative intent after
10 courses of chemotherapy. Intraoperatively, no tumor
thrombosis was identified and the gastric tumor was sur-
gically removed. After surgery, the patient received adju-
vant chemotherapy of S-1. After 6 months he is well and
has not suffered from tumor relapse. A combination of
CDDP - S-1 plus intervention surgery seems to be a
promising option for GCPT.
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Introduction

Gastric cancers with portal tumor embolism (GCPTs) are a
rare entity with an incidence of 1.2 % in gastric cancers
[1]. GCPTs are often concomitant with hematogenous
metastases; curative surgery has not been indicated because
they are regarded as being part of distant metastases, so
intensive chemotherapy is applied [2—4]. However, the
outcome of GCPTs is reported to be poor. Recently, the
advent of new anticancer agents has provided us with a
strong tool for treating gastric cancers with distant metas-
tases including portal tumor embolism. In the current
study, we successfully treated GCPT with multiple splenic
metastases by RO surgery following combination chemo-
therapy. We discuss recent treatment strategy for GCPTs
with reference to English-language articles.

Case i'eport

A 53-year-old man was admitted to Kagoshima University
Hospital with anorexia and epigastric pain. He had a history of
distal gastrectomy for peptic ulcer 40 years before. Upper
gastrointestinal scope revealed type 3 gastric cancer in the
remnant stormach (Fig. 1). Biopsy examination revealed well-
differentiated adenocarcinoma. Abdominal computed
tomography (CT) showed a huge tumor thrombus in the
splenic vein extending to the intrahepatic portal vein (Fig. 2a,b).
Several collaterals (Fig. 2c) and multiple metastases to the
spleen were also identified (Fig. 2d). GCPT with multiple
splenic metastases was diagnosed, and intensive chemother-
apy was indicated. S-1 was given orally from day 1 to day 21
and 60 mg of CDDP was administered intravenously as pre-
viously reported [5]. High CEA anemia levels before che-
motherapy normalized after chemotherapy (Fig. 3). After five
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Fig. 1 Endoscopic findings of gastric tumor. Type 3 gastric cancer
was identified in the greater curvature of the middle part of the
remnant stomach

Fig. 2 Abdominal CT findings before chemotherapy. a Huge tumor
thrombosis was identified in the portal vein. b Tumor thrombosis extended

courses of chemotherapy, the cancerous thrombosis in the
portal vein drastically shrunk (Fig. 4a) and splenic metastases
also disappeared (Fig. 4d). Total gastrectomy with lym-
phadenectomy and splenectomy was carried out after 10
courses of chemotherapy with curative intent. No tumor
thrombosis was identified during the operation. The primary
gastric tumor also showed extensive shrinking and scarring
(Fig. 5). Macroscopically and histologically, splenic metas-
tases disappeared (Fig. 6) and residual cancer measuring 5 x
5 mm in diameter was found in the submucosal layer of the
remnant stomach. Therefore, the histological grade of the
tumor was estimated grade 2. After surgery, the patient
received adjuvant chemotherapy of S-1. To date, he is well and
has not suffered from recurrence of gastric cancer.

Discussion

Tumor embolism in the portal system occurs as a result of
multiple aggregates of tumor cells, and has been described

to the intrahepatic portal veins. ¢ Collaterals were developed, suggesting
portal hypertension, d Multiple splenic metastases were identified

@ Springer
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in patients with various malignancies including carcinoma
of the breast, stomach, pancreas, liver and prostate [6].
Although it has been reported that aggressive surgery for
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Fig. 3 Changes of sernm CEA ratio during and after chemotherapy.
Before chemotherapy, serum CEA ratio was 19.4 ng/ml but normal-
ized after one course of chemotherapy

GCPT without distant metastases improved the outcome [7,
8], generally tumor embolism is often concomitant with
hematogenous metastases like in the current case, so che-
motherapy is applied first. Eom et al. retrospectively ana-
lyzed postoperative outcome in 51 cases of GCPT. They
disclosed the clinical features of GCPT—median survival
of GCPT was 5.4 months and gastric cancer with portal
vein tumor thrombus had a poor prognosis. Recently, anti-
cancer agents have become available for recurrent or
advanced gastric cancer. Marked clinical efficacy of SI
plus CDDP has been reported [3], showing high efficacy
of the current regimen for hematogenous distant lesions of
gastric cancer. Hoshimoto et al. [8] demonstrated a case of
GCPT successfully treated with a combination of TS-1 and
CDDP; therefore, we followed their regimen when plan-
ning chemotherapy for our patient. To date, a definite
chemotherapeutic regimen for GCPT has not been dem-
onstrated. The combination of TS-1 and CDDP is regarded

Fig. 4 Abdominal CT findings after chemotherapy. a Huge tumor
thrombosis was not identified in the portal vein. b Tumor thrombosis
of the intrahepatic also disappeared. ¢ Collaterals were partially found

&) Springer

in the hilus of the Jiver. d Multiple splenic metastases were not found
after chemotherapy
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Fig. 5 Resected specimen of
the stomach, Macroscopically
gastric cancer was not identified
in the remnant stomach

Fig. 6 Resected specimen of the spleen. Multiple splenic metastases
also disappeared macroscopically and histologically

as standard chemotherapeutic regimen for advanced gastric
cancer in Japan; this combination seems to be suttable for
treating rare cases of GCPT. In the current case, we deci-
ded to add RO surgery after chemotherapy; this was
because the primary lesion was still present after 10
courses of chemotherapy although the portal thrombus and
splenic metastases had disappeared. We previously repor-
ted that additional surgery following chemotherapy is
useful for cases of stage IV gastric cancer after identifying
the disappearance of distant metastases [9] and our patient
seems to be included in this group. Additional surgery may
enable removal of minute cancer cells leaving the patient
free from chemotherapy; however, the timing of the
operation and term of postoperative chemotherapy have
been unclear.

In conclusion, GCPTs are a rare entity; the combination
of CDDP + S1 seems to be a promising therapeutic

regime. When the thrombosis and distant Iesions are con-
trolled, additional surgery with curative intent may be
advisable to overcome this difficult situation.
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Abstract

Background/purpose  S-1 is a new oral fluoropyrimidine
anticancer agent shown to be effective for pancreatic
cancer. In a previous phase I trial, we evaluated the safety
of S-1 combined with radiotherapy to determine the max-
imum tolerated dose and dose-limiting toxicity in patients
with unresectable pancreatic cancer. The recommended
dose of S-1 for phase II trials of chemoradiotherapy was
determined as 80 mg/m*/day given on days 1-21 of a
28-day cycle. This phase 1I study was conducted to further
evaluate the efficacy and toxicity of radiotherapy combined
with S-1 (UMIN000004794).

Methods Eligible patients had locally advanced and un-
resectable pancreatic cancer without distant metastases, an
Eastern Cooperative Oncology Group performance status
of 0-1, adequate organ and marrow functions, and no prior
anticancer therapy. Patients initially received 4 weeks of
chemoradiotherapy. S-1 was given orally at a dose of
80 mg/m?/day twice daily on days 1-21. Radiotherapy was
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delivered in fractions of 1.25 Gy twice daily, 5 days per
week for 4 weeks (total dose: 50 Gy in 40 fractions). One
month after the completion of chemoradiotherapy, S-1 was
administered for 14 days followed by a 14-day rest period.
This cycle was repeated as maintenance therapy until dis-
ease progression or unacceptable toxicity.

Results  Fifty patients were enrolled in this phase II study.
Median follow-up was 14.6 months (range 5.4-58.9
months). Forty-three patients (86%) completed the sched-
uled course of chemoradiotherapy. There was no treatment-
related death or grade 4 toxicity. The major toxic effects
were leukopenia and nausea. The objective tumor response
according to the Response Evaluation Criteria in Solid
Tumours criteria was partial response in 15 patients (30%)
(95% confidence interval (CI), 18-45%), stable disease in
23 (46%), and progressive disease in 12 (24%). Median
progression-free survival and median overall survival were
6.7 months (95% CI, 4.7-11.2 months) and 14.3 months
(95% CI, 10.8-20.8 months), respectively. Survival rates at
1 and 2 years were 62 and 27%, respectively.

Conclusions Combination therapy with S-1 and radiation
in patients with locally advanced and unresectable pan-
creatic cancer is considered a promising, well-tolerated
regimen that can be recommended as an effective treatment
for locally advanced pancreatic cancer.

Keywords S-1 - Phase II study - Pancreatic cancer -
Chemoradiotherapy

Introduction

Adenocarcinoma of the exocrine pancreas (pancreatic

cancer) carries a very poor prognosis [1, 2]. In patients with
locally unresectable disease, the results of randomized
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trials by the Gastrointestinal Tumour Study Group indicate
that concurrent treatment with external-beam radiation
therapy (EBRT) and 5-fluorouracil (5-FU) results in sig-
nificantly better survival than EBRT or chemotherapy
alone [3, 4]. Concurrent EBRT and 5-FU is now generally
accepted as a standard treatment for locally advanced
pancreatic cancer. However, only modest benefits were
obtained in early combined-modality trials, with a median
survival of only 10 months. To improve the efficacy of
treatment, various anticancer agents, such as gemcitabine,
and different radiation schedules have been evaluated in
clinical trials [5—-10]. To date, however, the optimal regi-
men for chemoradiotherapy remains elusive [11]. The
development of new agents and combination regimens is
needed to improve survival in patients with unresectable
advanced pancreatic cancer.

S-1 is a new oral fluoropyrimidine derivative combining
tegafur with two modulators, 5-chloro-2,4-dihydroxypyri-
dine (CDHP) and potassium oxonate, in a molar ratio of
1:0.4:1 [12]. CDHP is a reversible competitive inhibitor of
dihydropyrimidine dehydrogenase, an enzyme involved in
the degradation of 5-FU. CDHP in combination with
tegafur thus prolongs the duration of effective 5-FU con-
centrations in serum and tumour tissue. Potassium oxonate
is a reversible competitive inhibitor of orotate phosphor-
ibosyltransferase, an enzyme participating in 5-FU phos-
phoribosylation in the gastrointestinal mucosa. Potassium
oxonate ameliorates the gastrointestinal toxicity of tegafur
by decreasing 5-fluorodeoxyuridine monophosphate pro-
duction in the gastrointestinal mucosa [13]. Recent clinical
trials of S-1 have reported promising results in various
solid tumors, including pancreatic cancer [14-16]. A recent
phase II clinical trial of S-1 as a single agent obtained an
objective response rate of 37.5% in patients with metastatic
pancreatic cancer in Japan [17].

S-1 has also been shown to be a potent radiosensitizer in
human solid tumor xenografts [18, 19], suggesting that a
combination of radiotherapy and S-1 may improve survival
in patients with locally advanced pancreatic cancer. How-
ever, the efficacy and safety of chemoradiation therapy
with S-1 have not yet been fully investigated in patients
with pancreatic cancer [20-23]. We previously performed a
phase I study to evaluate the safety and determine the
maximum tolerated dose (MTD) of S-1 plus radiotherapy
in patients with unresectable pancreatic cancer [24]. The
recommended dose of S-1 combined with radiation was
estimated to be 80 mg/m*/day given on days 1-21. Our
findings suggested that a combination of S-1 and radiation
was a promising and well-tolerated regimen that may be
able to be used on an outpatient basis. The present phase II
study was conducted to further evaluate the efficacy and

toxicity of EBRT combined with S-1 for locally advanced
and unresectable pancreatic cancer.

Patients and methods
Objectives

The primary endpoint of this study was objective tumor
response. The secondary endpoints were toxicity, pro-
gression-free survival, and overall survival.

Eligibility

Patients with histologically or cytologically confirmed
adenocarcinoma of the pancreas were enrolled from
October 2005 through October 2008 at Kagoshima Uni-
versity Hospital. Eligible patients had incurable, locally
advanced or unresectable disease on clinical or surgical
staging examinations. Patients with distant metastatic dis-
ease were excluded. Our criteria for locally advanced and
unresectable disease were as follows: tumor infiltration into
the hepatic artery, superior mesenteric artery, or celiac axis
and/or unreconstructable superior mesenteric vein/portal
vein occlusion. Eligibility criteria also included the fol-
lowing: age 20 years or over; Eastern Cooperative Oncol-
ogy Group performance status of 0-1; measurable or
assessable disease; life expectancy of >3 months; no prior
anticancer therapy; adequate organ functions as defined by
leukocyte count of 4,000/mm?°, hemoglobin 9.0 g/dL,
platelet count IOO,OOO/mm3, bilirubin 1.5 mg/dL, and
creatinine 0.7 mg/dL.

The exclusion criteria were as follows: active infection;
severe heart disease; interstitial pneumonitis or pulmonary
fibrosis; pleural effusion or ascites; active gastroduodenal
ulcer; pregnant or nursing women; severe mental disorder;
active concomitant malignancy; or other serious medical
conditions. Patients who lacked sufficient integrity of the
gastrointestinal tract or who had mal-absorption syndrome
were also excluded. The protocol was approved by the
Human Studies Group at the Kagoshima University School
of Medicine. All patients gave written informed consent
before participation.

Treatment program

Patients initially received 4 weeks of chemoradiotherapy.
S-1 (Taiho Pharmaceutical Co., Ltd. Tokyo, Japan) was
administered orally twice daily at a dose of 80 mg/m?*/day
from days 1 to 21. EBRT was delivered with 10 MV
photons using a conformal technique in fractions of
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1.25 Gy twice daily, 5 days per week for 4 weeks.
Therefore a total dose of 50 Gy was delivered in 40 frac-
tions over the course of 4 weeks [25]. The radiation field
included the primary tumor and adjacent lymph nodes
(pancreaticoduodenal and celiac axis), as defined by com-
puted tomography-assisted treatment planning before the
initiation of chemoradiotherapy. One month after the
completion of chemoradiotherapy, S-1 was administered
for 14 days followed by a 14-day rest period. This cycle
was repeated as maintenance therapy until disease pro-
gression or unacceptable toxicity.

Toxicity and efficacy evaluation

Toxicity was graded according to the National Cancer
Institute: Common Toxicity Criteria, version 3.0. Standard
antiemetic therapy was prescribed as required. Antidiar-
rheal drugs were not given prophylactically, but could be
used for the symptomatic treatment of diarrhea of grade 2 or
higher. Chemotherapy was withheld on the development of
grade 2 or higher nonhematologic toxicity or grade 3 or
higher hematologic toxicity. Chemotherapy was resumed at
the same dose level when toxicity was grade 1 or when the
granulocyte and platelet counts were >1,500 and >100,000/
mm?>, respectively. Radiation could be withheld because of
toxicity at the discretion of the treating physician.

Physical examinations, complete blood cell counts, and
serum chemical analyses were performed at least once
weekly. Tumors were evaluated by computed tomography
every 3 months. Tumor response was assessed according to
the Response Evaluation Criteria in Solid Tumors (RE-
CIST) by three independent radiologists who were blinded
to the patients. Serum CA19-9 concentrations were mea-
sured every 4 weeks. A value of 37 U/mL was defined as
the upper limit of normal. Overall survival time was cal-
culated from the date of treatment initiation to the date of
death or the last follow-up. Progression-free survival time
was calculated from the date of treatment initiation until
documented disease progression or death from any cause
(whichever occurred first).

Statistical analysis

All data are presented as percentages of patients or as
means =+ standard deviation of the mean. Percentages
were compared by the x* test, and means were analyzed
by the Mann—Whitney test. The required number of
patients was determined according to the optimal two-
stage design. The threshold response rate and expected
response rate were 20 and 40%, respectively. The sample
size of this trial was 44 patients, with a type I error of 5%
and a power of 90%. Tumor response and toxicity were
evaluated on an intention-to-treat basis. The Kaplan—
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Meier method was used to estimate overall survival and
progression-free survival.

Results
Patients and treatments

Between October 2005 and October 2008, 50 patients were
enrolled. The median age of the subjects was 66 years
(range 49-78 years), and the median follow-up time was
14.6 months (range 5.4-58.9 months). The clinical char-
acteristics of the patients are summarized in Table 1. All
50 patients had locally advanced and unresectable pan-
creatic cancer without distant metastases. Two tumors were
classified as stage IIB (T3N1MO), 21 tumors were as stage
III (TANOMO), and 27 were as stage III (T4NIMO),
respectively, according to the International Union Against
Cancer (UICC) 2002 TNM classification. The two stage
IIB tumors had extensive involvement of the jejunal branch
below the superior mesenteric vein.

Forty-three patients (86%) completed the full regimen of
chemoradiotherapy. The remaining seven patients (14%)

Table 1 Patient and tumor characteristics

Characteristics No. of patients (%)
Patients enrolled 50
Gender

Men 24 (48)

Women 26 (52)
Age (years)

Median (range) 66 (49-78)
ECOG performance status

0 44 (88)

1 6 (12)
Tumor location

Head 36 (72)

Body-tail 14 (28)
Tumor size (cm)

Median (range) 4.0 (2.0-8.0)
Stage of tumor

1IB: T3N1IMO 24

III: TANOMO 21 (42)

III: TANIMO 27 (54)
Serum CEA (ng/mL)

Median (range) 3.7 (1.3-20.1)

Serum CA 19-9 (U/mL)
Median (range)

343 (1-7,068)

Tumor stage was evaluated according to UICC-TNM Classification,

6th edition

ECOG Eastern Cooperative Oncology Group
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required a reduction in the dose of S-1 or radiation because
of adverse events. Two patients with grade 3 fatigue dis-
continued radiotherapy after 40 and 30 Gy, respectively.
Five patients refused S-1 treatment on days 15-21 because
of grade 1 or 2 appetite loss.

Forty patients (80%) received maintenance chemother-
apy with S-1 after chemoradiotherapy, for a total of 388
cycles (median 8, range 1-50). Of the remaining 10
patients, nine had deterioration of general condition due to
disease progression before initiating chemotherapy, and
one patient refused treatment because of general fatigue.

Toxicity

All 50 patients were evaluated for toxicity during che-
moradiotherapy (Table 2). There was no treatment-related
mortality or grade 4 toxicity. Hematologic toxicity, par-
ticularly leukopenia (40%), was a common adverse effect
of combined treatment with S-1 and radiation. Gastroin-
testinal toxicity, such as anorexia (28%) and nausea
(34%), was also frequent. Grade 3 toxicities included
leukopenia (6%), fatigue (4%), and skin rash (2%).
Nearly all toxic effects were mild and transient. No
patient discontinued treatment because of leukopenia or
skin rash. Two patients with grade 3 fatigue stopped
treatment after receiving a radiation dose of 30 and
40 Gy, respectively.

Toxicity during maintenance chemotherapy is summa-
rized in Table 3. Anorexia was a common adverse effect
(30%). There was no grade 3 or 4 toxicity during the
maintenance chemotherapy. There were no apparent late
radiation toxicities during the study.

Table 2 Toxicity during chemoradiation (n = 50)

Efficacy and survival

Tumor response was determined in all treated patients
(n = 50). Fifteen patients (30%) had a partial response
(95% confidence interval (CI), 18-45%), 23 (46%) had
stable disease, and 12 (24%) had progressive disease
associated with the development of distant metastases. The
serum CA19-9 concentration decreased to below 50% of
the baseline value in 18 patients (42%) and entered the
normal range in 6 patients (14%) among 43 patients who
had a pretreatment value higher than the upper limit of
normal (37 U/mL). Two patients were able to undergo
curative resection after 4 and 11 months chemoradiother-
apy, respectively.

Median progression-free survival and median overall
survival were 6.7 months (95% CI, 4.7-11.2 months) and
14.3 months (95% CI, 10.8-20.8 months), respectively.
Overall survival rates at 1, 2, 3, and 4 years were 62%
95% CI1, 48-76%), 27%, 15%, and 12%, respectively
(Fig. 1). At the time of analysis, 42 patients had died of
disease progression. Disease progression was documented
in 45 patients (90%). As summarized in Table 4, the pat-
tern of initial disease progression was distant metastasis in
27 patients (54%), local progression of the pancreatic
tumor in 12 (24%), and both in 6 (12%).

Discussion
Concomitant radiotherapy and chemotherapy is commonly

used to treat locally unresectable pancreatic cancers [8]. S-1
is expected to improve the outcomes of chemoradiotherapy

Toxicity Grade Toxicity of Toxicity of Toxicity of
grade* 1-4 grade 3-4 grade 4 (%)
0 1 2 3 4 (%) (%)
Hematological toxicity
Leukopenia 30 12 5 3 0 40.0 6.0 0
Neutropenia 46 0 0 0 8.0 0 0
Anemia 50 0 0 0 0 0 0 0
Thrombocytopenia 48 1 1 0 0 4.0 0 0
Non-hematological toxicity
Nausea 33 9 8 0 0 34.0 0 0
Vomiting 49 0 1 0 0 2.0 0 0
Anorexia 36 7 7 0 0 28.0 0 0
Diarrhea 47 1 2 0 0 6.0 0 0
Stomatitis 49 1 0 0 0 2.0 0 0
Rash 49 0 0 1 0 2.0 2.0 0
Fever 49 1 0 0 0 2.0 0 0
Fatigue 47 0 1 2 0 6.0 4.0 0
* National Cancer Institute Common Toxicity Criteria, version 3.0
@ Springer
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Table 3 Toxicity during maintenance chemotherapy (n = 40)

Toxicity Grade Toxicity of Toxicity of Toxicity of
grade™ 14 grade 34 grade 4
0 ! 2 3 4 (%) (%) (%)
Hematological toxicity
Neutropenia 38 1 1 0 0 5.0 0 0
Non-hematological toxicity
Nausea 39 0 1 0 0 25 0 0
Vomiting 39 0 1 0 0 2.5 0 0
Anorexia 28 7 5 0 0 30.0 0 0
Diarrhea 39 0 1 0 0 2.5 0 0
Stomatitis 39 0 1 0 0 2.5 0 0
Rash 38 0 2 0 0 5.0 0 0
Fatigue 39 0 1 0 0 2.5 0 0
* National Cancer Institute Common Toxicity Criteria, version 3.0
100 - for locally advanced pancreatic cancer because of its high
palliative effectiveness, as well as its potent radiosensitizer
80 - activity [26-28]. The preliminary results of a Japanese
9 phase II study of S-1 in patients with advanced pancreatic
E 60 - cancer demonstrated high safety and effectiveness [16, 17].
o However, regimens combining S-1 and radiation have not
§ 40 . yet been fully investigated in patients with advanced pan-
s creatic cancer [20-23]. We conducted this phase II study to
a 20 | further evaluate the efficacy and toxicity of radiotherapy
o combined with S-1 for locally advanced and unresectable
04 pancreatic cancer. Our regimen, combining the standard
T T : ; . . daily dose of S-1 for systemic chemotherapy (80 mg/m?/
0 12 24 36 48 60

Survival time (month)

Fig. 1 Overall survival (solid line) and progression-free survival
curves (dotted line) for all 50 patients

Table 4 Patterns of initial disease progression (n = 50)

No. of patients (%)

None 5 (10%)
Distant metastases 27 (54%)
Liver 10
Peritoneum 9
Liver and peritoneum 3
Peritoneum and pleura 1
Lung 1
Lung and lymph node 1
Pleura 1
Lymph node 1
Local progression 12 (24%)
Local progression and distant metastases 6 (12%)
Liver 2
Peritoneum 3
Lung 1
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day) with concurrent radiotherapy, was based on the results
of our previous phase I study [24]. In addition, maintenance
treatment with S-1 was given after chemoradiotherapy in
this phase II study.

To date, three phase I studies of S-1 and concurrent
radiotherapy, including our regimen, and two phase II
studies have been reported in locally advanced pancreatic
cancer [20-24] (Table 5). In other phase I/II studies of S-1
and radiotherapy for locally advanced pancreatic cancer,
radiotherapy was delivered in 1.8 Gy daily fractions to a
total dose of 50.4 Gy (SFRT: standard fractionated radio-
therapy) [20-23]. Unlike other studies, hyperfractionated
radiotherapy (HART: 50 Gy at 1.25 Gy/fraction twice
daily) was adopted in the current study. HART was intro-
duced as a way to increase the total tolerated dose and
maximize local control without significantly increasing late
complications, as compared with conventional SFRT [29].
We have previously performed a comparison study
between HART and SFRT with concomitant low-dose
gemcitabine for unresectable pancreatic cancer [25]. This
study showed that the HART/gemcitabine regimen has
equivalent efficacy and safety and a shorter treatment time
as compared with the SFRT/gemcitabine regimen. Based
on this background, the present study employed HART.
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Table 5 Clinical trials of S-1 with radiation in pancreatic cancer

Authors Year Phase n RT dose (Gy) Response rate (%) MST (months) 1-year sur. (%)
Sudo et al. [20] 2007 1 16 504 43.8 13.7 71.3

Tkeda et al. [21] 2007 1 21 50.4 19 11 429

Shinchi et al. [24] 2007 I 17 50 36 12.3 NA

Kim et al. [22 2009 11 25 504 24 129 43

Sudo et al. [23] 2010 I 34 504 41 16.8 70.6

Present study I 50 50 30 14.3 62

n number of patients, RT radiation therapy, MST median survival time, sur. survival, NA not available

In this study, radiotherapy plus S-1 was associated with
relatively mild toxicity. The main grade 3 toxic effects
were leukopenia (6%), fatigue (4%), and skin rash (2%).
There were no serious adverse events or treatment-related
deaths. This combination was well tolerated and feasible in
patients with locally advanced pancreatic cancer. The
toxicity profile was similar to those in other studies of S-1-
based chemoradiation [20-23]. There were no late radia-
tion toxicities during the study. '

In the present study, the tumor response rate and the
disease control rate were 30 and 76%, respectively. The
median survival was 14.3 months, and the overall survival
rates at 1, 2, 3, and 4 years were 62%, 27%, 15%, and 12%,
respectively. As shown in Table 5, the median survival
time has varied between 11 and 16.8 months in other phase
I/II studies. Our results compare favorably with those of
other phase I/II studies [20-23].

Maintenance chemotherapy with S-1 was administered
to delay or reduce the development of distant metastases
in responding or stable patients after S-1 and radiother-
apy. In this study, to reduce toxicity and improve thera-
peutic compliance, S-1 was administered for 14 days
followed by a 14-day rest period. Consequently, there was
no grade 3 or 4 toxicity during the maintenance chemo-
therapy. Fourteen out of 40 patients (35%) received
maintenance chemotherapy with S-1 for more than 12
cycles with less toxicity.

As stated above, our regimen for S-1 combined with
radiotherapy showed promising antitumor effectiveness
and a good survival benefit in patients with locally
advanced pancreatic cancer. It is particularly noteworthy
that five patients survived for longer than 3 years.
Administration of S-1 chemotherapy after chemoradio-
therapy might have been partly responsible for the favor-
able survival in the present study. In patients with locally
advanced pancreatic cancer treated with chemoradiation, it
is important to enhance local tumor control and simulta-
neously reduce the risk of distant metastases. In addition to
controlling local disease by acting as a potent radiosensi-
tizer, S-1 acts systemically as a chemotherapeutic agent
[19]. S-1 plus radiation may thus improve long-term

survival in patients with advanced cancer who receive
chemoradiation.

In summary, our combined regimen of S-1 and radiation
was effective and well tolerated with low toxicity in
patients with locally advanced and unresectable pancreatic
cancer. Moreover, because S-1 is administered orally, S-1
plus radiation can be given on an outpatient basis, with no
need for hospitalization. The ability of S-1 to deliver pro-
longed, effective plasma concentrations of 5-FU without
the need for intravenous access or an infusion pump makes
it an attractive alternative to conventional regimens com-
bining chemotherapy and radiation. Our results are very
promising and suggest that S-1 combined with radiation
can be recommended as a standard treatment for locally
advanced pancreatic cancer.
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