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Abstract. The present study designed a novel preoperative
chemoradiotherapy (CRT) with sequential oxaliplatin and
irinotecan with S-1 for locally advanced rectal cancer (LARC).
This phase I study evaluated the maximum tolerated dose and
recommended dose (RD) of oxaliplatin following irinotecan
with S-1. Patients with clinical stage T3 or 4 or involvement of
the regional nodes and no evidence of distant metastases were
treated with fixed doses of S-1 (80 mg/m?*/day) on days 1-5,
8-12, 15-19, 22-27 and 29-33, and irinotecan (40 mg/m?/day)
on days 1 and 8, followed by oxaliplatin on days 22 and 29.
The dose of oxaliplatin was initially 40 mg/m? (level 1) with
a predefined dose escalation schedule. The radiation dose was
1.8 Gyl/fraction to a total dose of 45 Gy. A total of 9 patients
were enrolled in the present study and 7 patients completely
received CRT with this study protocol. The maximum toler-
ated dose for oxaliplatin was 50 mg/m? (level 2). Three of four
patients experienced dose-limiting toxicity (grade 3 diarrhea)
in oxaliplatin phase of level 2 dose. The RD of oxaliplatin was
40 mg/m? (level 1 dose). In addition, 2 patients had pathological
CR (28.5%). Novel preoperative CRT with sequential oxali-
platin and irinotecan with S-1 for LARC resulted in acceptable
toxicity and promising efficacy. However, the RD of oxali-
platin was lower than in previous CRT studies that combined
oxaliplatin with S-1. To administer higher oxaliplatin, we have
planned a phase I trial of preoperative CRT with sequential
oxaliplatin followed by irinotecan with S-1 for LARC.
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Introduction

Preoperative chemoradiotherapy (CRT) significantly reduces
the risk of local recurrence and cancer-specific mortality
compared with surgery alone in locally advanced rectal
cancer (LARC) (1,2). Following a German phase III trial
in 2004, preoperative CRT with infusional 5-florouracil (5-FU)
and total mesorectal excision surgery has become the standard
treatment for stage II and III rectal cancer in Western coun-
tries (2). Recently, new agents such as oral fluoropyrimidines,
oxaliplatin and irinotecan, which were used in the metastatic
disease setting or adjuvant chemotherapy, have been used by
several groups to modify tumor response in clinical trials
of CRT (3). CAO/ARO/AIO-04 phase III trials showed that
adding oxaliplatin to 5-FU improved pathological complete
response (pCR) and disease free survival (DFS) compared
with 5-FU alone (4), whereas STAR-01, ACCORD 12 and
NSABP R-04 phase III trials with 5-FU or capecitabine plus
oxaliplatin did not show significant improvements in pCR
and DFS (5-7). In addition, phase III trials with irinotecan
have not been reported, but early phase I/II trials with 5-FU
or capecitabine plus irinotecan showed that pCR rates were
13.7-37% (8-13). Therefore, the use of fluoropyrimidine plus
oxaliplatin or irinotecan in CRT is not recommended outside
of clinical trials.

S-1 is an oral fluoropyrimidine containing tegafur, gimer-
acil, and oteracil potassium in a molar ratio of 1:0.4:1 (14).
Tegafur is a prodrug of 5-FU, and gimeracil is a reversible
inhibitor of dihydropyrimidine dehydrogenase that degrades
5-FU (15). Oteracil potassium inhibits the enzyme orotate
phosphoribosyl-transferase, which converts tegafur to 5-FU
and decreases gastrointestinal toxicity of 5-FU (15). S-1 has
good anticancer efficacy for colorectal cancer (CRC) and
an acceptable toxicity profile (16). In addition, chemoradio-
therapy with S-1 was effective and well tolerated in a previous
phase I/II study (17). Early phase studies of preoperative CRT
with S-1 plus irinotecan (phase II) or oxaliplatin (phase II)
regimen showed favorable toxicity profile and good pCR
rates (18,19).
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Recently, triplet combination chemotherapy regimen
(FOLFOXRI) has been demonstrated to be superior to doublet
regimen (FOLFIRI) in metastatic CRC, though triplet regimen
has more adverse effects than doublet chemotherapy (20).
Several tumors, including CRC, have intra-tumor genetic
heterogeneity, which reflects the presence of different subclonal
populations within the cancer and are likely associated with
clinical course and response to therapy (21,22). Chemotherapy
or chemoradiotherapy, including more agents with different
mechanisms, may improve treatment response in view of this
heterogeneity. Therefore, we hypothesized that chemoradiation
with triplet radiosensitizer of fluoropyrimidines, oxaliplatin
and irinotecan may have a higher response than regimens used
in previous studies. However, the feasibility of chemoradiation
with triplet radiosensitizer of fluoropyrimidines, oxaliplatin
and irinotecan is not well known. Therefore, we designed a new
preoperative CRT with sequential oxaliplatin and irinotecan
with S-1 for LARC and aimed to determine the maximum
tolerated dose (MTD) and recommended dose (RD) of oxali-
platin following irinotecan in a phase I study.

Materials and methods

Ethics and patient consent. The present study was reviewed
and approved by Mie University Institutional Review Board,
and the study was performed in accordance with the Helsinki
Declaration of 1975, as revised in 2000. Patients were required
to provide written informed consent prior to enrollment.
The present study was registered at the UMIN Clinical Trial
Registry as UMINO000017674 (further details accessible at:
http://www.umin.ac.jp/ctr/index.htm).

Eligibility criteria. Eligible patients had LARC with T3 to 4
or involvement of regional nodes as determined by computed
tomography (CT), magnetic resonance imaging (MRI), or
endoscopic ultrasound and had histologically-confirmed adeno-
carcinoma prior to surgery. Eligible patients also had an Eastern
Cooperative Oncology Group performance status of 0-1 and a
survival expectation of >3 months. Additional eligibility criteria
included: age 20-80 years at enrollment, no severe compromise
of main organ functions (including bone marrow, lung, liver
and kidney), and blood specific biochemistry results (leukocyte
count 4,000-12,000/ul, platelet count =100x10°/u1, hemoglobin
concentration =9.0 g/dl, total bilirubin concentration <1.5x
upper normal limit, serum aspartate aminotransferase and
alanine aminotransferase levels <2.5x upper normal limit, and
serum creatinine concentration <1.5x upper normal limit). The
exclusion criteria were patients with potential risk factors for
S-1, irinotecan, and oxaliplatin-related adverse events. The risk
factors included patients with child-bearing potential or lacta-
tion; patients without intention to use contraception; clinically
significant cardiovascular, pulmonary or renal disease; clinical
evidence of gastrointestinal bleeding; bowel obstruction and
perforation; active inflammatory bowel disease; active infec-
tion; considerable pleural effusion, cardiac effusion and ascites;
and any other cases regarded as inadequate for enrollment by
the investigator.

Pretreatment evaluation. Complete clinical and radiographic
staging was performed prior to enrollment in the study.
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Patients underwent the following evaluations: History and
physical examination; CT scan of the chest, abdomen, and
pelvis; chest X-ray; colonoscopy; barium enema; endoscopic
ultrasound; and pelvic MRI. A complete blood count with
differential analysis, serum chemistry tests, urinalysis, elec-
trocardiogram, carcinoembryonic antigen, and carbohydrate
antigen 19-9 levels were obtained. During treatment, patients
were evaluated at least weekly via a history and physical
examination, and they underwent a complete blood count
with differential analysis, electrolyte analysis, liver function
tests, chemistry panel assays, coagulation panel assays, and
urinalysis.

Treatment. Patients underwent four-field (anterior-posterior,
posterior-anterior, and right and left laterals) approach and
radiation therapy was delivered using a 10-MV linear accel-
erator. Patients were treated in the prone position using a
dedicated device to minimize exposure of the small bowel.
A CT-based treatment planning system was mandatory to
define the planning target volume, including the primary
tumor, internal iliac lymph nodes, presacral lymph nodes,
obturator lymph nodes, and the surrounding mesorectum.
Radiotherapy was administered in fractions of 1.8 Gy/day,
5 days/week, for 5 weeks. The total dose of radiation deliv-
ered was 45 Gy. During radiation therapy, patients received
chemotherapy using the following regimen. The regimen
comprised fix doses of S-1 (80 mg/m?*/day) and irinotecan
(40 mg/m?*/day). S-1 was given on days 1-5, 8-12, 15-19,
22-26 and 29-33. Irinotecan (40 mg/m?/day) was given on
days 1 and 8, and oxaliplatin was given on days 22 and 29,
2 weeks after irinotecan administration. Table I provides a
summary of oxaliplatin dose levels. Oxaliplatin adminis-
tration was initiated at 40 mg/m? (level 1), with a planned
dose escalation to dose levels 2 and 3. A treatment schema
is shown in Fig. 1. Patients were premedicated prior to
chemotherapy treatment to minimize nausea and vomiting,
which are associated with 5-HT3 receptor antagonists. The
interval between the completion of CRT and operation was
6-8 weeks. The assessment of tumor resectability included a
history and physical examination, imaging evaluation using
CT and MRI, and proctosigmoidoscopy. Following thorough
exploration of the peritoneal cavity and distant lesions for
metastases, low anterior resection or abdominoperineal
resection with total mesorectal excision was performed
in conjunction with a colonic J-pouch-anal anastomosis
(CAA). A diverting ileostomy was usually used to prevent
from anastomotic leakage.

Assessment. Adverse events were assessed at least weekly
during radiation therapy, using the National Cancer Institute
common toxicity criteria (version 3.0). Side effects were
managed aggressively with standard supportive measures.
Resectability was also evaluated and a complete pathological
response was defined as no evidence of malignancy in the
specimen.

Study design, definitions, and endpoints. The primary endpoint
of this study was the determination of the MTD and the RD. The
secondary endpoint was evaluation of the extent and frequency
of the adverse events and the resectability of locally-advanced
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rectal cancer. The dose-limiting toxicity (DLT) was defined as
Grade 4 hematological toxicity (leucopenia and neutropenia
persisting beyond 4 days and thrombocytopenia); Grade 3
or higher non-hematological toxicity, despite adequate
supportive care; any single interruption of radiation therapy
of =7 days or >2 interruptions per radiation course; any delay
of >14 days in the completion of radiation therapy; and any
treatment-related hospitalization or death. Perianal dermatitis
was defined as adverse effects of radiation and excluded as a
criterion of DLT. Patients with DLT before oxaliplatin admin-
istration were not included in this study. The MTD was defied
as the dose level that produced DLT in at least two out of three
patients, or two out of six patients. If DLT occurred in one of
the first three patients, three additional patients were assigned
to receive the same dose level. If none of the three patients
initially receiving a given dose level exhibited DLT, or if one
out of six patients exhibited DLT, the dose was increased to the
next level. Dose escalation was not allowed in the same patient.
The dose level immediately below the MTD was considered
the RD for phase II studies.

Results

Patient characteristics. From May 2015 through February 2017,
nine patients treated at our institution were enrolled in this
study. Two patients who developed Grade 3 radiation enteroco-
litis before oxaliplatin administration were not included in this
study because of delays of >14 days in completing radiation
therapy. Characteristics of patients who completely received
this protocol treatment are summarized in Table II.

DLT and RD levels. The observed toxicities are described
in Table III. Three patients were initially enrolled at dose
level 1. In the S-1+irinotecan regimen on level 1 protocol
phase, almost adverse effects were Grade 1 though two
patients had nausea of Grade 2 which required intravenous
fluids. All three patients had Grade 1 perianal dermatitis by
first dose of S-1+oxaliplatin. In the level 1 S-1+ oxaliplatin
regimen phase, one patient experienced Grade 2 diarrhea
and one patient developed Grade 2 anemia from Grade 1 in
the irinotecan phase. In addition, all three patients developed
perianal dermatitis by completion of irradiation. In summary
of the level 1 protocol, all three patients were treated without
interruptions to chemotherapy or irradiation or Grade 3-4
adverse effects defined as DLT. Second, three patients were
enrolled at dose level 2. In phase of S-1+irinotecan regimen on
level 2 protocol, one patient experienced a 3-day interruption
of irradiation because of developing Grade 3 diarrhea after the
second dose of irinotecan. Another patient also had a 4-day
interruption of irradiation with Grade 2 stomatitis, fatigue, and
diarrhea just before the first dose of S-1+oxaliplatin. All three
patients had Grade 1 perianal dermatitis caused by the first
dose of S-1+oxaliplatin as well as the S-1+irinotecan regimen
on level 1 protocol phase. In the level 2 S-1+ oxaliplatin regimen
phase, two patients developed Grade 3 diarrhea treated with
intravenous fluids just before completion of irradiation though
irradiation was not interrupted. Grade 1 peripheral neuropathy
caused by oxaliplatin was observed in all three patients.
Subsequently, three additional patients were enrolled at the
same dose level 1 according to the study protocol, because of
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Table I. Summary of S-1/CPT-11/L-OHP dose levels used in
combination with radiation therapy.

Level  S-1(mg/m) CPT-11 (mg/m*  L-OHP (mg/m?)
-1 80 40 30
1 80 40 40
2 80 40 50
3 80 40 60

CPT-11, irinotecan; L-OHP, oxaliplatin.

Table II. Patient characteristics.

Characteristics Patients
Age (range) 55 (38-76)
Sex
Male 3
Female 4
Performance status
0 7
Tumor site
Rb 5
Rb-P
Clinical stage
cT2N1 1
cT3NO 1
c¢T3N1 1
cT3N2 1
cT4N1 1
cT4N2 2

Rb, rectum below the peritoneal reflection; P, anal canal.

incidence of Grade 3 non-hematological toxicity. One patient
had Grade 2 diarrhea without interruption of irradiation and
chemotherapy in the S-1+irinotecan regimen phase. In addi-
tion, this patient experienced Grade 3 diarrhea and stomatitis
with cessation of radiation therapy (total 43.2 Gy), delay of
chemotherapy and administration of intravenous fluids in the
S-1+oxaliplatin regimen phase. Because non-hematological
toxicity as DLT was observed in three patients and level 2
was designated as MTD, this study finished by enrolling seven
patients. Therefore, level 1 was considered the RD for the
phase II study.

Efficacy measures. We evaluated the tumor response to chemo-
radiotherapy. Details of the patients' treatment responses are
shown in Table IV. The downstaging rate in the tumor and
nodal stage was 85.7% (6/7 patients) and 57.1% (4/7 patients),
respectively. Five patients achieved radiographic CR (28.5%)
and PR (42.8%). Five patients underwent laparoscopic low
anterior resection with colonic J-pouch reconstruction, one
underwent laparoscopic CAA with colonic J-pouch and total
intersphincteric resection, and one underwent laparoscopic
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Table III. Toxicity parameters evaluated in the study and matched control group.

Dose level 1

Dose level 2

S-1+CPT11 toxicity Gl G2 G3 G4 Gl G2 G3 G4

Hematological
Neutropenia 0 0 0 0 2 0 0 0
Anemia 1 0 0 0 0 0 0 0
Thrombocytopenia 0 0 0 0 0 0 0 0
AST/ALT abnormalities 1 0 0 0 1 0 0 0
Hyperbilirubinemia 0 0 0 0 0 0 0 0

Non-hematological
Nausea 0 2 0 0 0 0 0 0
Vomiting 0 0 0 0 0 0 0 0
Stomatitis 1 0 0 0 1 1 0 0
Fatigue 1 0 0 0 2 1 0 0
Diarrhea 1 0 0 0 1 1 1 0
Peripheral neuropathy 0 0 0 0 0 0 0 0
Skin (perianal dermatitis) 3 0 0 0 3 0 0 0

Dose level 1 Dose level 2

S-1+L-OHP toxicity Gl G2 G3 G4 Gl G2 G3 G4

Hematological
Neutropenia 1 0 0 0 0 1 0 0
Anemia 0 1 0 0 0 0 0 0
Thrombocytopenia 0 0 0 0 0 0 0 0
AST/ALT abnormalities 2 0 0 0 3 0 0 0
Hyperbilirubinemia 0 0 0 0 0 0 0 0

Non-hematological
Nausea 0 0 0 0 0 1 0 0
Vomiting 0 0 0 0 0 0 0 0
Stomatitis 0 0 0 0 0 1 0 0
Fatigue 1 0 0 0 1 1 0 0
Diarrhea 2 1 0 0 0 1 3 0
Peripheral neuropathy 0 0 0 0 2 0 0 0
Skin (perianal dermatitis) 0 3 0 0 1 3 0 0

CPT-11, irinotecan; L-OHP, oxaliplatin.

Concomitant chemoradiotherapy with sequential regimen of S-1, CPT11 and L-OHP in patients with locally advanced rectal cancer

Day 1 8 15 22 29 33 -
RT (1.8 Gy/day) T T (NN Tt T

$-1 (80 mg/m®) T T Tt Tt Tt
CPT-11 (40 mg/m2) t t

L-OHP T T

Figure 1. Concomitant chemoradiotherapy with sequential regimen of S-1, CPT-11 and L-OHP in patients with locally advanced rectal cancer. CPT-11 with
S-1 was sequentially followed by L-OHP with S-1. CPT-11, irinotecan; L-OHP, oxaliplatin.

CAA with coloplasty and subtotal intersphincteric resec-
tion. Surgical site infection and anastomotic leakage were
not observed. Two patients had a microscopically-positive

circumferential resectional margin (R1) and five had complete
resection (RO). Finally, two patients had pathological
CR (28.5%).
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Table I'V. Individual patient characteristics and treatment response.

Dose Pretreatment Pathological Dose-limiting Radiographic Pathological Surgical
Patient level stage stage toxicity response effects grade® outcome
1 1 T3N1IMO TONOMO No CR 3° RO
2 1 T4N2MO T2NOMO No PR 2 RO
3 1 T4N2MO T2N1MO No SD 1b RO
4 2 T2N1MO TONOMO Yes CR 3° RO
5 2 T3NOMO T3NOMO No SD la R1
6 2 T4N2MO T3N2MO Yes PR la R1
7 2 T3N2MO T2N2MO Yes PR la RO

“The degree of histopathological tumor regression based on the Guidelines for Clinical and Pathological Studies on Carcinoma of the
Colon and Rectum: Grade 1a, >2/3 vital residual tumor cells (VRTCs); Grade 1b, ~1/32/3 VRTCs; Grade 2, <1/3 VRTSCs; and Grade 3,
no VRTCs. °pCR, pathologic complete response; PR, partial response; SD, stable disease; R1, microscopically positive resection margin;

RO, microscopically negative resection margin.

Discussion

CRT is an important element that enhances local control
for patients with LARC such as T3, T4, and lymph node
metastasis (3). Proposed improvement for CRT have been
better local control and less toxicity. Preoperative CRT
improved local control and reduced therapeutic toxicity
compared with postoperative CRT and preoperative therapy
with continuous infusional 5-FU is the standard practice
for LARC (2). Furthermore, many clinical trials have been
performed to improve clinical outcomes in preoperative
CRT (3). Newer generation agents, including cytotoxic and
biological drugs such as oral fluoropyrimidines, oxaliplatin,
irinotecan, antibody against vascular endothelial growth
factor, and anti-epidermal growth factor receptor, have been
used as radiosensitizers in recent clinical trials (3). Despite the
oncological benefits of these agents shown in clinical trials,
the mechanism of conventional chemotherapeutic agents for
radiosensitization varies among the different agents (23).
One mechanism of 5-FU as radiosensitizer is through
killing S phase cells, which are relatively radioresistant (24).
Oxaliplatin plays a role as a radiosensitizer through various
mechanisms, such as DNA damage by the formation of
inter- and intra-strand crosslinks, induction of G2 and M cell
cycle arrest, and blockage of DNA repair (25,26). Irinotecan
is metabolized to SN38, which inhibits topoisomerase I and
has radiosensitizing properties. It has been suggested that
irinotecan may enhance the lethal effects of ionizing radiation
by attaching to the DNA-topoisomerase I adducts in sites of
single strand DNA breaks (26). These cytotoxic drugs provide
therapeutic efficacy by different mechanisms for each other
and combination therapies with these agents are standard
chemotherapy in CRC. However, intra-tumor heterogeneity,
which reflects the presence of different subclonal populations
within the cancer, likely impacts the response and resistance
to therapy (21,22). Combination therapy with more agents may
be effective countermeasure to drug resistance due to tumor
heterogeneity. In addition, the toxicity of triplet regimen is
greater while anticancer effect of triplet is superior to doublet
in CRC (27). Therefore, we designed chemoradiation with
triplet radiosensitizer of fluoropyrimidines, oxaliplatin, and

irinotecan and adopted a sequential schedule of oxaliplatin
and irinotecan for low toxicity. This sequential administration
could reduce adverse effects than simultaneous administration
and may be feasible not only for young patients but also for
elderly patients.

In this study, we performed CRT with S-1 plus oxali-
platin following irinotecan for seven patients with LARC. The
prescribed dose (40, 80 mg/m?) of irinotecan and S-1 in this
study was based on previous phase II studies (23). Initial dose of
irinotecan was prescribed as the minimum dose following these
studies (28,29) because this trial was the first study with triple
agents: S-1 and irinotecan followed by S-1 and oxaliplatin. A
multicenter phase I trial (SAMRAI-1) concluded that the RD of
irinotecan was 60 mg/m? in preoperative CRT combined with
S-1 and irinotecan and incidence of Grade 3 or higher diarrhea
defined as DLT was 11.1% (30). Our study showed Grade 3
enterocolitis of two patients, who were accordingly excluded
from this trial, and Grade 3 diarrhea of one patient in S-1 plus
irinotecan phase despite lower dose and shorter dose duration
compared with SAMRAI-1. This discrepancy may be due to
UGT1A1 genetic polymorphisms, which delay the metabolism
of SN-38, the active metabolite of irinotecan, and are suscep-
tible to toxicities such as neutropenia and diarrhea. Our study
did not evaluate UGT1A1 genetic polymorphisms because the
dose of irinotecan was far lower than that in doublet regimen of
systemic chemotherapy using irinotecan, whereas SAMRAI-1
excluded a genotype of UGT1A1*6/*6, UGT1A1%28/*28 or
heterozygote for both UGT1A1*6 and *28. In addition, Grade 3
enterocolitis in two patients might be associated with adverse
effects of irradiation and chemotherapy.

The RD of oxaliplatin was determined to be 40 mg/m?.
DLT occurred in three of seven patients at dose level 2 and
all DLTs were Grade 3 diarrhea. However, the RD of oxali-
platin identified in this study was lower than that in previous
trials of oral fluoropyrimidines plus oxaliplatin. Phase III
trials with capecitabine plus oxaliplatin were performed with
oxaliplatin 50-60 mg/m? (23). In addition, oxaliplatin was also
administered with 60 mg/m? in phase II studies with S-1 plus
oxaliplatin (19). The lower RD of oxaliplatin in this study
might be caused by administration followed by irinotecan
considering that all DLTs were Grade 3 diarrhea. Our protocol,



FUJIKAWA et al: CHEMORADIOTHERAPY WITH OXALIPLATIN, IRINOTECAN AND S-1 FOR RECTAL CANCER

combined with S-1 80 mg/m?, irinotecan 40 mg/m?* and
followed by oxaliplatin 40 mg/m?, was safe in this patient group
without genotyping of UGT1A1 polymorphisms. However, if
sequential CRT regimen with oxaliplatin following irinotecan
in this study is transposed to inverse sequential regimen with
irinotecan following oxaliplatin, diarrhea may decrease in the
late phase of CRT.

With 5-FU or capecitabine plus oxaliplatin CRT, pCR
rates were 16-17 and 13.3-19.2%, respectively, in phase III
trials, while the pCR rates of 5-FU or capecitabine plus
irinotecan CRT were 13.7-37 and 15-50%, respectively, in
phase II studies (23). In S-1 based CRT regimens of early
phase studies, pCR rates of CRT with S-1 plus oxaliplatin
and irinotecan were 27.3 and 34.7%, respectively (18,19). Our
study showed an acceptable pCR rate of 28.5% though it was a
phase 1 trial. Though we anticipated that a CRT regimen with
triplet agents including oxaliplatin, irinotecan, and S-1 could
potentially have better pCR rates than previous CRT studies
with S-1 plus oxaliplatin or irinotecan, our CRT regimen did
not show excellent pCR rates in this study. This result might
be affected according to lower dose of both oxaliplatin and
irinotecan than in the SAMRAI-1 study (30) and SHOGUN
trial with S-1 (31).

In conclusion, a new preoperative CRT with sequential
oxaliplatin and irinotecan with S-1 for LARC resulted in
acceptable toxicity and promising efficacy. However, the RDs
of oxaliplatin were lower than in previous CRT studies that
combined oxaliplatin with S-1. To administer higher oxaliplatin
dose, sequential CRT regimen with oxaliplatin followed by
irinotecan may be recommended. Therefore, we are planning
a phase I trial of preoperative CRT with sequential oxaliplatin
followed by irinotecan with S-1 for LARC.
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