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Abstract
Background: Preoperative chemoradiotherapy (CRT) for patients with rectal cancer has not yet been
established in Japan. We conducted a non-randomized phase II study to evaluate the e�cacy and safety
of preoperative CRT with S-1, a �xed-dose combination of tegafur, gimeracil, and oteracil potassium.

Methods: We conducted a prospective, interventional, single-center study.

Radiotherapy was administered at a total dose of 45 Gy (1.8 Gy in 25 fractions) for �ve weeks. S-1 was
administered orally for a total of nine weeks (�ve weeks during and four weeks after radiotherapy) at a
dose of 80 mg/m2/day. The endpoint was the pathological complete response (pCR) rate. The required
sample size was calculated to be 30 individuals. The characteristics of the 28 patients included were as
follows: cStage (II:12/ III:16), median age of 66 years (range 40–77 years), male/female (20/8), and
lesion site (Ra-Rb:3/Rb:23/Rb-P:2).

Results: Preoperative treatment was completed in 27 patients (96%). Treatment abandon was because of
diarrhea. Grade 3 or higher adverse events were observed in only two patients (7%). Clinical downstaging
was performed in eight patients (29%). Radical resection was achieved in 27 patients (96%), including 19
(68%) who underwent sphincter-preserving surgery. The pCR rate was 11% (three patients). The three-year
disease-free survival rate was 79%, and the overall survival was 89%. No local recurrence occurred three
years after surgery.

Conclusions: Preoperative CRT with S-1 has an acceptable safety pro�le, and can potentially contribute to
preserving anal function in patients with rectal cancer.

Trial registration: UMIN Clinical Trial Registry: UMIN000013598. Registered 1 April 2014,
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000015887

Background
Recent advances in chemotherapy have improved the prognosis for patients with colorectal cancer.
However, surgical complete resection still determines the prognosis [1]. Apart from the control of distant
metastasis, treatment of rectal cancer also involves the control of local recurrence [2, 3] and preservation
of anal function to maintain patients’ quality of life [4]. Research directed toward the treatment of low
rectal cancer considering the abovementioned concerns is highly important.

Total mesorectal excision surgery, as proposed by Heald et al. [5], is recognized as the gold standard for
rectal cancer treatment. Standard care in western countries is preoperative chemoradiotherapy (CRT)
followed by surgery [6]. The rationale behind this approach is provided by large phase III trials, which
have demonstrated that neoadjuvant therapy (preoperative adjuvant therapy) reduced the risk of local
recurrence [3, 7, 8].
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In Japan, the local recurrence rate with surgery alone is a commendable 3–12.6% [9–12], which is
comparable to that with neoadjuvant therapy and preoperative CRT in western countries. Surgery
including lateral lymph-node dissection [12] followed by adjuvant chemotherapy is recommended in
Japan; preoperative CRT can be performed in a limited number of patients, namely those with tumors
with a high risk of local recurrence and large pelvic masses or local invasion [1].

Despite the evidence of local control of rectal cancer, preoperative CRT raises several concerns [3, 7, 8] in
that it may have adverse effects, particularly concerning postoperative defecation and the effect on anal,
urinary, and sexual functions due to radiotherapy [13]. Furthermore, the treatment is complex and costly.
Most importantly, there is a concern that local control does not improve overall survival in patients with
previous preoperative CRT based on 5-�uorouracil (5-FU) [3, 7, 8]. To further improve outcomes,
preoperative CRT with novel, advanced anticancer agents should be carefully considered because of
e�cacy issues and new adverse events.

S-1 is an oral anticancer drug with a �xed-dose combination of tegafur, gimeracil, and oteracil potassium.
The gimeracil in S-1 prevents tegafur from being metabolized to anything other than �uorouracil, thereby
increasing the concentration of 5-FU in the body [14]. Oteracil potassium reduces gastrointestinal toxicity
caused by 5-FU [14]. There are reports on S-1 alone producing favorable responses in patients with
unresectable advanced or recurrent colorectal cancer [15, 16]. Furthermore, S-1 reportedly has a radiation-
sensitizing effect [17]. Therefore, preoperative CRT with S-1 may be safe and su�ciently effective;
moreover, combining radiation therapy and oral agents is a simple approach. Our previous phase I study
showed that preoperative CRT with S-1 was feasible and well tolerated by patients with low rectal cancer
[18]. Therefore, we conducted a phase II study to ensure that preoperative CRT with S-1 would be effective
and safe in patients with locally advanced rectal cancer using the doses set in our previous study.

Methods
Protocol

The current study was conducted in a single center as an interventional, single-arm, phase II trial. The
enrollment period was between April 2014 and November 2017. The study protocol was approved by the
Ethics Committee of Toho University Omori Medical Center (approval numbers / approval date: no.25-216
/ 27 November 2013, no.27-251 / 18 February 2015), and written informed consent was obtained from all
registered patients. This study was registered in the UMIN Clinical Trials Registry as UMIN000013598
(further details can be accessed at https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?
recptno=R000015887). Cancer staging was based on the tumor, node, metastasis (TNM) classi�cation
system (Union for International Cancer Control, 6th edition) [19]. The Response Evaluation Criteria in Solid
Tumors (RECIST) v1.1 [20] were used to assess tumor response to preoperative treatment using
computed tomography (CT) or magnetic resonance imaging (MRI). Tumor response to preoperative
treatment was de�ned as: complete response (CR), complete disappearance of the target lesion; partial
response (PR), at least 30% reduction in target lesion; progressive disease (PD), 20% increase in target

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000015887
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lesion and absolute increase of 5 mm or more and/or appearance of new lesions; stable disease (SD), a
state of neither PR nor PD. We used the Common Terminology Criteria for Adverse Events v4.0 to grade
adverse events. Adverse events of preoperative CRT were evaluated by the physicians involved in this
study at the start of each course.

Endpoints

The pathological complete response (pCR) rate was the primary endpoint of this study. Secondary
endpoints included the treatment completion rate, downstaging rate, curative resection rate, anal
sphincter preservation rate, safety, local recurrence rates, disease-free survival (DFS), histological e�cacy
[21], and overall survival (OS). The evaluation of downstaging was compared before and after CRT. The
stage was denoted by a pre�x, indicating clinical �ndings at diagnosis with “c,” clinical �ndings after
preoperative treatment (i.e., yield of treatment) with “yc,”; the descriptions follow the TNM classi�cation
system and Japanese guideline for classi�cation of colorectal cancer [22], which have been used in
Japan since 2013 (http://www.jsccr.jp/whatsnew/kiyaku8.html). R0 resection was de�ned as “no distant
metastasis and no residual tumor.” Local recurrence was de�ned as anastomotic and pelvic recurrence.

Inclusion criteria

The inclusion criteria were the following: 1. histologically con�rmed rectum adenocarcinoma (i.e., in Ra,
which is the segment of the rectum from the height of the inferior border of the second sacral vertebra to
the peritoneal re�ection; Rb, which is the segment of the rectum located below the peritoneal re�ection; or
P, which is the anal canal; Ra-Rb, the notation is the location in Ra to Rb, with Ra as the main; Rb-P, the
notation is the location in Rb to P, with Rb as the main; not in the rectosigmoid [Rs], which is the segment
from the height of the sacral promontory to the inferior border of the second sacral vertebra) [23]; 2.
preoperative CT or MRI �ndings indicative of a cT3-4 clinical stage and any N stage [19]; 3. resectable
tumor; 4. no evidence of distant metastasis; 5. aged 20–80 years; 6. Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0 or 1; 7. no prior antitumor therapy; 8. adequate organ function
according to laboratory �ndings (white blood cell count ≥4,000/mm3 and ≤12,000/mm3, neutrophil
count ≥2,000/mm3, platelet count ≥100,000/mm3, hemoglobin ≥9.0 g/dl, glutamic oxaloacetic
transaminase and glutamic pyruvic transaminase ≤upper limit of normal ´ 2.5, serum total bilirubin ≤1.5
mg/dl, serum creatinine ≤N (upper limit of normal range), creatinine clearance ≥50 ml/min/body as
calculated using the Cockcroft-Gault equation [24]; 9. can receive therapeutics orally; and 10. those who
provided written informed consent.

 Exclusion criteria

Patients were excluded from the study on the basis of the following 16 exclusion criteria: 1. unable to
receive chemotherapy containing S-1; 2. history of radiotherapy in the pelvis; 3. clinically signi�cant
infections; 4. having serious complications; 5. experienced myocardial infarction within the last six
months, previous serious medical illness, or allergies to drugs; 6. multiple malignant diseases; 7. requiring
treatments for pleural effusion or ascites; 8. having current or previous brain metastases; 9. having
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symptoms of watery stool (diarrhea); 10. having fresh bleeding in the digestive organs; 11. circumstances
requiring treatment with �ucytosine, atazanavir sulfate, and warfarin; 12. evidence of mental disorders
that interfere with enrollment in a clinical trial; 13. women who are pregnant or lactating, or who are trying
to get pregnant; 14. men who want to have their own children; 15. in the need for systemic administration
of corticosteroids; 16. judged unsuitable to participate in this study by physicians.

Treatment regimen

The dose of S-1 was 80 mg/m2/day. S-1 was administered orally, twice daily along with radiation therapy
on days 1–5, 8–12, 15–19, 22–26, and 29–33. On days 36–40, 43–47, 50–54, and 57–61, S-1 was
administered twice daily without radiotherapy. Radiation therapy consisted of 1.8 Gy/day on days 1–5,
8–12, 15–19, 22–26, and 29–33 (total dose of 45 Gy in 25 fractions) (Fig. 1). Resection in rectal cancer
patients with D3 lymph node dissection was performed within 2–3 weeks after completion of S-1 therapy.
Postoperative treatment for one year consisted of starting oral administration of tegafur-uracil (300
mg/m2/day) and leucovorin (75 mg/body/day), following a cycle of four weeks of oral administration
and one week of no medication [25], within 4–6 weeks postoperatively.

Follow‐up

Blood tests, including the tumor markers carcinoembryonic antigen and carbohydrate antigen 19-9, were
performed once a month for one year after surgery. Imaging studies were performed every six months
postoperatively using CT or abdominal ultrasonography. The median duration of follow-up in this study
was 41 months (range, 4–74 months).

Study design and statistical methods

Using an expected CR rate of 20% and a threshold CR rate of 5%, the number of patients required for a
one-sided α = 0.1 and β = 0.1 was calculated to be 28. The target number of patients was set to 30, with
consideration given to ineligible cases. As approved by the Ethics Committee of Toho University Omori
Medical Center (approval number: 25-216, 27-251), patients who participated in the previous phase I trial
[18] were also re-enrolled for the current analysis. DFS and OS were evaluated using the Kaplan–Meier
method with the statistical analysis software “EZR” [26].

Patient characteristics

Thirty patients were enrolled; however, two patients were deemed ineligible. One patient was due for a re-
evaluation of wall-depth cT2 [19], and another patient was due for irradiation above the prescribed
radiation dose; they were excluded from this study (Fig. 2).

Results
The clinicopathological �ndings of the 28 patients enrolled in the study are presented in Table 1. There
were 20 men and eight women. Their median age was 66 (range, 44–70) years. The clinical �ndings at
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diagnosis (before treatment) were as follows: 13 patients (46%) had an ECOG PS of 0 and 15 (54%) had
an ECOG PS of 1; the lesion site was Ra-Rb, Rb, and Rb-P in three (11%), 23 (82%), and two (7%) patients,
respectively; the cT factor was cT3, cT4a, and cT4b in 19 (68%), four (14%), and �ve (18%) patients,
respectively; and the lesions in 12 (43%) and 16 (57%) patients were classi�ed as cStages II and III,
respectively. One patient had diarrhea symptoms due to preoperative CRT treatment, which therefore had
to be discontinued after three courses. Subsequently, this patient was scheduled for surgery. Thus,
preoperative treatment was completed in 27/28 patients, with a completion rate of 96%. Table 1 shows
the background information and surgical procedures for the 28 patients, including the patient who did not
complete CRT. The procedures performed on the patients were as follows: super low anterior resection
(sLAR, 21%), transanal total mesorectal excision (taTME, 21%), intersphincteric resection (ISR, 25%),
abdominoperineal resection (APR, 21%), and total pelvic exenteration (TPE, 11%). Laparoscopic surgery
and open surgery were performed in 20 (71%) and eight patients (29%), respectively. Radical surgery was
performed in 27 patients (96%). The histological types were differentiated carcinomas in 25 patients
(89%) and mucinous carcinomas in three patients (11%). The only patient who failed to complete CRT
treatment was a 52-year-old woman with PS0, Rb lesion site, clinical stage III, and a pathological
diagnosis of well-differentiated adenocarcinoma before treatment.



Page 7/21

Table 1
Clinicopathological �ndings in the 28 patients eligible for analysis

Characteristic Number of patients (n=28)

Age (years, median) (range) 66 (40-77)

Sex, n (%)  

  Male 20 (71)

 Female 8 (29)

PS  

 0 13 (46)

  1 15 (54)

Tumor locationa , n (%)  

 Ra-Rb 3 (11)

 Rb 23 (82)

  Rb-P 2 (7)

Tumor size (cm, median) (range) 4.3 (1.9–10.4)

cT factorb , n (%)  

  cT3 19 (48)

 cT4a 4 (14)

 cT4b 5 (18)

cStageb , n (%)  

 II 12 (43)

  III 16 (57)

Operations, n (%), (number of laparoscopic procedures)  

PS ECOG performance status; sLAR super low anterior resection; taTME transanal total mesorectal
excision; ISR intersphincteric resection; APR abdominoperineal resection; TPE total pelvic exenteration;
Tub tubular adenocarcinoma; Muc mucinous adenocarcinoma; Ra, the segment of rectum from the
height of the inferior border of the second sacral vertebra to the peritoneal re�ection; Rb, rectum
located below the peritoneal re�ection; Ra-Rb, the location in Ra to Rb, with Ra as the main; Rb-P, the
location in Rb to anal canal, with Rb as the main

a According to the Japanese Classi�cation of Colorectal Carcinoma (Second English edition)

b According to the tumor, node, metastasis classi�cation system (UICC 6th edition)
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  sLAR 6 (21), (6)

  taTME 6 (21), (4)

 ISR 7 (25), (7)

 APR 6 (21), (3)

 TPE 3 (11), (0)

Sphincter preserving resection 19 (68)

Histology  

  Tub 1, 2 25 (89)

 Muc 3 (11)

PS ECOG performance status; sLAR super low anterior resection; taTME transanal total mesorectal
excision; ISR intersphincteric resection; APR abdominoperineal resection; TPE total pelvic exenteration;
Tub tubular adenocarcinoma; Muc mucinous adenocarcinoma; Ra, the segment of rectum from the
height of the inferior border of the second sacral vertebra to the peritoneal re�ection; Rb, rectum
located below the peritoneal re�ection; Ra-Rb, the location in Ra to Rb, with Ra as the main; Rb-P, the
location in Rb to anal canal, with Rb as the main

a According to the Japanese Classi�cation of Colorectal Carcinoma (Second English edition)

b According to the tumor, node, metastasis classi�cation system (UICC 6th edition)

Adverse events

Adverse events during preoperative CRT are listed in Table 2. In all grades, adverse events included
anemia, hypoalbuminemia, diarrhea, leukopenia, transaminitis, and general fatigue in 71%, 68%, 46%,
39%, 29%, and 25% of the patients, respectively. Buttock pain and buttock dermatitis occurred in 25% and
18% of the patients, respectively. Most adverse events that occurred in patients were grade 1 or 2. Grade 3
adverse events occurred in only two patients (7%), with diarrhea or hypoalbuminemia occurring in 8%. No
grade 4 adverse events were observed. Postoperative adverse events are listed in Table 3. Grade 3
adverse events included hypoalbuminemia in 7% and intestinal leakage, ileus, anemia, and
hypercreatininemia in 4% of the patients. No grade 4 adverse events were observed during the
postoperative period.
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Table 2
Adverse events associated with preoperative chemoradiotherapy in advanced rectal

cancer patients (n = 28)
Adverse event G1 G2 G3 G4 Total

(%)
≤G2
(%)

G3 + 4
(%)

Diarrhea 6 6 1 0 13
(46)

7 (25) 1 (4)

Constipation 1 0 0 0 1 (4) 0 (0) 0 (0)

Melena 2 0 0 0 2 (7) 0 (0) 0 (0)

Anal pain 1 0 0 0 1 (4) 0 (0) 0 (0)

Anal discomfort 3 0 0 0 3 (11) 0 (0) 0 (0)

Stomatitis 1 0 0 0 1 (4) 0 (0) 0 (0)

Stomachache 3 0 0 0 3 (11) 0 (0) 0 (0)

Nausea 4 0 0 0 4 (14) 0 (0) 0 (0)

Anorexia 5 1 0 0 6 (21) 1 (4) 0 (0)

General fatigue 7 0 0 0 7 (25) 0 (0) 0 (0)

Weight loss 2 0 0 0 2 (7) 0 (0) 0 (0)

Buttocks skin pain 6 1 0 0 7 (25) 1 (4) 0 (0)

Buttocks dermatitis 1 4 0 0 5 (18) 4 (14) 0 (0)

Increased urination
frequency

3 0 0 0 3 (11) 0 (0) 0 (0)

Painful urination 1 0 0 0 1 (4) 0 (0) 0 (0)

Residual urine 3 0 0 0 3 (11) 0 (0) 0 (0)

Hand-foot syndrome 0 0 0 0 0 (0) 0 (0) 0 (0)

Hyponatremia 0 1 0 0 1 (4) 1 (4) 0 (0)

Hyperkalemia 2 0 0 0 2 (7) 0 (0) 0 (0)

Hypoalbuminemia 16 2 1 0 19
(68)

3 (11) 1 (4)

Hyperbilirubinemia 0 1 0 0 1 (4) 1 (4) 0 (0)

Hypercreatininemia 0 0 0 0 0 (0) 0 (0) 0 (0)

Transaminitis 7 1 0 0 8 (29) 1 (4) 0 (0)

Leukopenia 5 6 0 0 11
(39)

6 (21) 0 (0)
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Adverse event G1 G2 G3 G4 Total
(%)

≤G2
(%)

G3 + 4
(%)

Neutropenia 8 0 0 0 8 (29) 0 (0) 0 (0)

Anemia 12 8 0 0 20
(71)

8 (29) 0 (0)

Thrombocytopenia 4 0 0 0 4 (14) 0 (0) 0 (0)

Table 3
Postoperative complications in advanced rectal cancer patients (n = 28)

Postoperative complication Total
number

G1 G2 G3 G4 Total
(%)

≤G2
(%)

G3 + 4
(%)

Retroperitoneal space
infection

28 1 3 0 0 4 (14) 3 (11) 0 (0)

Intestinal leakage 22 1 1 1 0 3 (14) 2 (9) 1 (5)

Urological leakage 3 1 0 0 0 1 (33) 0 (0) 0 (0)

Ileus 28 0 0 1 0 1 (4) 1 (4) 1 (4)

Pneumoderma 20 1 0 0 0 1 (5) 0 (0) 0 (0)

High output stoma 17 1 0 0 0 1 (6) 0 (0) 0 (0)

Hypoalbuminemia 28 10 15 2 0 27 (96) 17
(61)

2 (7)

Hyperbilirubinemia 28 2 2 0 0 4 (14) 2 (7) 0 (0)

Hypercreatininemia 28 0 0 1 0 1 (4) 1 (4) 1 (0)

Transaminitis 28 4 0 0 0 4 (14) 0 (0) 0 (0)

Leukopenia 28 2 0 0 0 2 (7) 0 (0) 0 (0)

Anemia 28 15 7 1 0 23 (82) 8 (29) 1(4)

Thrombocytopenia 28 4 0 0 0 4 (14) 0 (0) 0 (0)

Response to treatment after CRT

Clinical response (downstaging: c > yc) as assessed by CT before and after CRT using RECIST, and
pathological curability are presented in Table 4. The preoperative downstaging rate was 29% (8/28).
According to the RECIST, four patients (14%) had CR, 15 patients (53%) had PR, eight patients (29%) had
SD, and one patient (4%) had PD. The clinical response rate (percentage of CR + PR) according to the
RECIST was 68% (19/28). All patients with surgical curative-A were evaluated for pathological R0; pCR
was observed in three patients. The pCR rate as the endpoint in this study was 11%.
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Table 4
Response to treatment and pathological �ndings (n = 28)

Finding Number of patients (%)

Responsea  

Complete response 4 (14)

Partial response 15 (53)

Stable disease 8 (29)

Progressive disease 1 (4)

Downstaging (c > ycb) 8 (29)

Pathological curabilityc  

R0 27 (96)

R1 0 (0)

R2 1 (4)

Pathological response  

Non-pCR 25 (89)

pCR 3 (11)

pCR pathological complete response

aAccording to the Response Evaluation Criteria in Solid Tumors (RECIST) v1.1

b Notation used to compare stages. Stages were denoted as “c,” and “yc,” to distinguish between
before CRT and after CRT, respectively.

c R0, no distant metastasis and no residual tumor; R1, microscopic residual tumor at resection lines;
R2, macroscopic residual tumor.

Received bene�t from preoperative CRT

Sphincter-preserving resection was achieved in 19 patients (68%). Among the 25 patients with Rb and Rb-
P lesions, 14 (56%) had anal preservation. Before CRT, 4/9 patients (44%) with cT4 cancer, assuming APR
or TPE, were able to achieve anal preservation. Although seven patients had anal pain and 12 patients
had melena before CRT, all patients had relief of symptoms after CRT (Table 5).
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Table 5
Received bene�t from preoperative CRT with S-1

Received bene�t n (%)

Improvement of anal pain 7/7 (100)

Improvement of melena 12/12 (100)

Sphincter-preserving surgery  

Rb and Rb-P 14/25 (56)

Rb/cT4 and Rb-P/cT4 4/9 (44)

CRT chemoradiotherapy;

Rb, rectum located below the peritoneal re�ection; Rb-P, rectum (Rb) to anal canal, and cT4, tumor
wall invasion beyond the serosa before CRT

Long-term prognosis

Four patients (11%) had a recurrence within three years after surgery. There were no local recurrences.
Distant metastases were found in three patients with pulmonary metastasis and one patient with aortic
lymph node metastasis. Three patients died within three years after surgery. There was only one tumor-
related death, which was in a patient with PD who received preoperative CRT. The two other deaths were
not tumor related. The three-year DFS was 79%, and the three-year OS was 89% (Fig. 3).

 

Discussion
The purpose of this study was to evaluate the e�cacy and safety of preoperative CRT with S-1 for locally
advanced rectal cancer at the recommended dose determined in a previous phase I study [18].

First, we evaluated the safety of preoperative CRT with S-1. In a similar phase II study reported by
Inomata et al. [21], in which S-1 was administered at the same dose as in our study, the incidence of
adverse events was reported to be acceptable. Grade 3 or higher adverse events were reported to be
10.8% [21], which is comparable to the 7% found in our study. Therefore, preoperative CRT with S-1 can be
performed safely at our recommended dose. Based on the high completion rate, compliance with S-1
medication can also be judged acceptable. The occurrence of skin problems on the buttocks due to
radiation were also considered acceptable because of their low grade. However, because of the high
incidence of diarrhea symptoms characteristic of S-1 adverse events, such symptoms must be monitored
closely to ensure that they do not interfere with continued treatment. Our study showed an unexpectedly
favorable effect of preoperative CRT on patient symptoms, including reduction in anal pain and
improvement of melena, which has not been reported previously [21, 27]. This �nding, although not an
endpoint, might be considered reduction in clinical symptoms with CRT treatment.
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Next, we evaluated the effect of preoperative CRT with S-1. Tumor shrinkage due to preoperative
treatment may contribute to improved curative surgery [28, 29], and it can also be expected to be
associated with improved anal function preservation [30, 31]. Similar studies using S-1 have reported pCR
rates of 22.2% [27] and 10.8% [21], although there were slight differences in the regimen. These results
are comparable to the treatment effects in our study. Among patients with Rb and Rb-P lesions, 56% were
able to achieve anal preservation. Among them, 4/9 patients (44%) with cT4 cancer achieved anal
preservation. This suggests that preoperative CRT may contribute to anal preservation. Traditionally, we
have been working on anal function preservation surgery with laparoscopic-ISR and -taTME, which
precedes the transanal procedure [32–34]. In the present study, these techniques were performed in
approximately half of the patients. Pro�ciency in this technique may have been one of the factors that led
to the 68% overall anal preservation.

In a report by Hiratsuka et al. [35] on long-term prognosis, the rates of local recurrence, lung metastasis,
and liver metastasis were 13.5%, 16.2%, and 2.7%, respectively. In the present study, although the
observation period was only 3 years, the recurrence after surgery was well controlled, with only three
patients (11%) experiencing lung metastasis. In particular, local recurrence was well controlled as we
observed no local recurrence, which is better than the 13.5% reported by Hiratsuka et al. This may be due
to the additional 4 weeks of S-1 treatment after radiotherapy; however, the exact reason is unclear. The
frequency of distant metastases in our study was comparable to that in their study.

Preoperative CRT has been performed with an anticancer agent in addition to S-1. The pCR rates in
preoperative CRT with S-1 plus irinotecan have been reported to be 34.7% [36] and 24% [37] in two
studies. A pCR rate of 22.9% [38] was reported for preoperative CRT with S-1 plus oxaliplatin. All of these
reports revealed higher levels of tumor control than those obtained in studies using CRT with S-1 alone;
however, the incidence of side effects in these reports was higher than 15%, which is problematic. A
recent multicenter study of preoperative CRT with S-1 plus oxaliplatin, which employed a total dose of
50.4 Gy but ensured treatment compliance by chemotherapy gaps, reported a pCR rate of 27.3%, and
11.1% of the patients showed grade 3 adverse events [39]. Regarding long-term prognosis, the 3-year DFS
in the pCR and non-pCR groups were 92% and 58%, respectively, with a signi�cantly better prognosis
reported in the pCR group. However, the 3-year DFS for all patients was 67.5%, which did not improve the
overall prognosis. All recurrences were distant metastases. These results indicate that while local
recurrence is well controlled, the strong tumor-suppressive effect of preoperative CRT is not re�ected in
the overall prognosis.

There have been no phase III studies on preoperative CRT with S-1 so far. The 3-year OS in our phase II
study on CRT with S-1, was 89%, whereas the 3-year OS in other phase II studies on preoperative CRT with
two agents, S-1 plus irinotecan and S-1 plus oxaliplatin, was reported to be 94.3% [40], and 93% [39],
respectively. Moreover, the 3-year OS in a phase II study on preoperative CRT with capecitabine plus
irinotecan, was also reported to be 93.6% [41]. The OS in preoperative CRT with two agents might be
slightly better than with one agent in phase II studies. However, in the phase III trial ACCORD [42], which is
a study on preoperative CRT with capecitabine plus oxaliplatin, the three-year OS was reported to be
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88.3%, and there was no prognostic bene�t found in the capecitabine plus oxaliplatin group compared to
the capecitabine alone group. Therefore, it may not be that preoperative CRT with two agents is more
likely to contribute to OS prolongation. The preoperative CRT that actually improves life expectancy has
not yet been established. Further studies are needed to determine whether the tumor-suppressive effect of
preoperative CRT for lower rectal cancer leads to anal preservation and contributes to improved
prognosis.

This study was limited by its non-randomized, single-center nature. Therefore, a multicenter, randomized
clinical trial on a larger number of patients is required.

Conclusions
Preoperative CRT with S-1 has an acceptable safety pro�le and the potential to contribute to preserving
anal function in patients with rectal cancer.

Abbreviations
5-FU: 5-�uorouracil; APR: abdominoperineal resection; CR: complete response; CRT: chemoradiotherapy;
CT: computed tomography; DFS: disease-free survival; ECOG: Eastern Cooperative Oncology Group; ISR:
intersphincteric resection; MRI: magnetic resonance imaging; OS: overall survival; pCR: pathological
complete response; PD: progressive disease; PR: partial response; PS: performance status; RECIST:
Response Evaluation Criteria in Solid Tumors; SD: stable disease; taTME: transanal total mesorectal
excision; TNM: tumor, node, metastasis; TPE: total pelvic exenteration

Declarations
Ethics approval and consent to participate

The study protocol was approved by the Ethics Committee of Toho University Graduate School of
Medicine (approval number 25-216, 27-251), and written informed consent was obtained from all
registered patients.

Consent for publication

Not applicable.

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly available due to the
data is con�dential patients' data but are available from the corresponding author on reasonable request.

Competing interests



Page 15/21

Kimihiko Funahashi received research grants from Taiho Pharmaceutical Co., Ltd., Tokyo, Japan; Yakult
Honcha Co., Ltd., Tokyo, Japan; Eisai Co., Ltd., Tokyo, Japan; and Chugai Pharmaceutical Co., Ltd., Tokyo,
Japan. The other authors declare no con�icts of interest associated with the present study.

Funding

No external funding was received for this study.

Authors’ contributions

MU performed the analysis. KF contributed to the study conception and design. MU, KF, TK, SK, KY, YM,
TK, and YN performed the surgical treatment. MU, KF, TK, and SK administered chemotherapy and
checked for side effects. AT planned and performed the radiation therapy. All authors have read and
approved the �nal manuscript.

Acknowledgments

We would like to thank the radiotherapy staff and operating room staff for their help with this study. We
would like to thank Editage (www.editage.com) for English language editing.

References
1. Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T, et al. Japanese Society for Cancer of the

Colon and Rectum (JSCCR) guidelines 2019 for the treatment of colorectal cancer. Int J Clin Oncol.
2020;25:1–42.

2. Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glimelius B, Gunnarsson U. Swedish Rectal
Cancer Trial: long lasting bene�ts from radiotherapy on survival and local recurrence rate. J Clin
Oncol. 2005;23:5644–50.

3. Gerard JP, Conroy T, Bonnetain F, Bouché O, Chapet O, Closon-Dejardin MT, et al. Preoperative
radiotherapy with or without concurrent �uorouracil and leucovorin in T3-4 rectal cancers: results of
FFCD 9203. J Clin Oncol. 2006;24:4620–5.

4. Sprangers MA, Taal BG, Aaronson NK, te Velde A. Quality of life in colorectal cancer. Stoma vs.
nonstoma patients. Dis Colon Rectum. 1995;38:361–9.

5. Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer surgery—the clue to pelvic
recurrence? Br J Surg. 1982;69:613–6.

�. Sugihara K, Kobayashi H, Kato T, Mori T, Mochizuki H, Kameoka S, et al. Indication and bene�t of
pelvic sidewall dissection for rectal cancer. Dis Colon Rectum. 2006;49:1663–72.

7. Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C, et al. Preoperative versus
postoperative chemoradiotherapy for locally advanced rectal cancer: results of the German
CAO/ARO/AIO-94 randomized phase III trial after a median follow-up of 11 years. J Clin Oncol.
2012;30:1926–33.



Page 16/21

�. Bosset JF, Calais G, Mineur L, Maingon P, Stojanovic-Rundic S, Bensadoun RJ, et al. Fluorouracil-
based adjuvant chemotherapy after preoperative chemoradiotherapy in rectal cancer: long-term
results of the EORTC 22921 randomised study. Lancet Oncol. 2014;15:184–90.

9. Fujita S, Yamamoto S, Akasu T, Moriya Y. Outcome of patients with clinical stage II or III rectal cancer
treated without adjuvant radiotherapy. Int J Colorectal Dis. 2008;23:1073–9.

10. Kusters M, Beets GL, van de Velde CJ, Beets-Tan RG, Marijnen CA, Rutten HJ, et al. A comparison
between the treatment of low rectal cancer in Japan and the Netherlands, focusing on the patterns of
local recurrence. Ann Surg. 2009;249:229–35.

11. Fukunaga Y, Higashino M, Tanimura S, Takemura M, Fujiwara Y. Laparoscopic rectal surgery for
middle and lower rectal cancer. Surg Endosc. 2010;24:145–51.

12. Fujita S, Mizusawa J, Kanemitsu Y, Ito M, Kinugasa Y, Komori K, et al, Colorectal Cancer Study Group
of Japan Clinical Oncology Group. Mesorectal excision with or without lateral lymph node dissection
for clinical stage II/III lower rectal cancer (JCOG0212): A multicenter, randomized controlled,
noninferiority trial. Ann Surg. 2017;266:201–7.

13. Ito M, Saito N, Sugito M, Kobayashi A, Nishizawa Y, Tsunoda Y. Analysis of clinical factors
associated with anal function after intersphincteric resection for very low rectal cancer. Dis Colon
Rectum. 2009;52:64–70.

14. Shirasaka T. Development history and concept of an oral anticancer agent S-1 (TS-1): its clinical
usefulness and future vistas. Jpn J Clin Oncol. 2009;39:2–15.

15. Shirao K, Ohtsu A, Takada H, Mitachi Y, Hirakawa K, Horikoshi N, et al. Phase II study of oral S–1 for
treatment of metastatic colorectal carcinoma. Cancer. 2004;100:2355–61.

1�. Ohtsu A, Baba H, Sakata Y, Mitachi Y, Horikoshi N, Sugimachi K, et al. Phase II study of S–1, a novel
oral �uorophyrimidine derivative, in patients with metastatic colorectal carcinoma. S–1 cooperative
colorectal carcinoma study group. Br J Cancer. 2000;83:141–5.

17. Nakata E, Fukushima M, Takai Y, Nemoto K, Ogawa Y, Nomiya T, et al. S–1, an oral �uoropyrimidine,
enhances radiation response of DLD–1/FU human colon cancer xenografts resistant to 5–FU. Oncol
Rep. 2006;16:465–71.

1�. Funahashi K, Koike J, Shiokawa H, Ushigome M, Shimada H, Kaneko H, et al. Phase I trial of
preoperative chemoradiation therapy with S-1 for low rectal cancer. Hepatogastroenterology.
2014;61:99–104.

19. Sobin LH, Wittekind Ch. TNM Classi�cation of Malignant Tumors. 6th ed. New York: Wiley-Liss; 2002.

20. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New response
evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45:228–47.

21. Inomata M, Akagi T, Nakajima K, Etoh T, Tahara K, Matsumoto T, et al. A prospective feasibility study
to evaluate neoadjuvant-synchronous S-1 with radiotherapy for locally advanced rectal cancer: A
multicentre phase II trial. Mol Clin Oncol. 2016;4:510–4.



Page 17/21

22. Japanese Society for Cancer of the Colon and Rectum. Japanese classi�cation of colorectal,
appendiceal, and anal carcinoma: the 3d English edition [secondary publication]. J Anus Rectum
Colon. 2019;3:175–95.

23. Japanese Society for Cancer of the Colon and Rectum. Japanese Classi�cation of Colorectal
Carcinoma. Second English ed. Tokyo: Kanehara & Co., Ltd.; 2009.

24. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron.
1976;16:31–41.

25. Hamaguchi T, Shirao K, Moriya Y, Yoshida S, Kodaira S, Ohashi Y, NSAS-CC Group. Final results of
randomized trials by the National Surgical Adjuvant Study of Colorectal Cancer (NSAS-CC). Cancer
Chemother Pharmacol. 2011;67(3):587–96.

2�. Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone
Marrow Transplant. 2013;48:452–8.

27. Sadahiro S, Suzuki T, Tanaka A, Okada K, Kamijo A, Murayama C, et al. Phase I/II study of
preoperative concurrent chemoradiotherapy with S–1 for locally advanced, resectable rectal
adenocarcinoma. Oncology. 2011;81:306–11.

2�. Videtic GM, Fisher BJ, Perera FE, Bauman GS, Kocha WI, Taylor M, et al. Preoperative radiation with
concurrent 5-�uorouracil continuous infusion for locally advanced unresectable rectal cancer. Int J
Radiat Oncol Biol Phys. 1998;42:319–24.

29. Bhudia J, Glynne-Jones R, Smith T, Hall M. Neoadjuvant chemotherapy without radiation in
colorectal cancer. Clin Colon Rectal Surg. 2020;33:287–97.

30. Wagman R, Minsky BD, Cohen AM, Guillem JG, Paty PP. Sphincter preservation with preoperative
radiation therapy and coloanal anastomosis: Long term follow-up. Int J Radiat Oncol Biol Phys.
1998;42:51–7.

31. Gavioli M, Losi L, Luppi G, Iacchetta F, Zironi S, Bertolini F, et al. Preoperative therapy for lower rectal
cancer and modi�cations in distance from anal sphincter. Int J Radiat Oncol Biol Phys.
2007;69:370–5.

32. Funahashi K, Koike J, Teramoto T, Saito N, Shiokawa H, Kurihara A, et al. Transanal rectal dissection:
a procedure to assist achievement of laparoscopic total mesorectal excision for bulky tumor in the
narrow pelvis. Am J Surg. 2009;197:e46–50.

33. Funahashi K, Shiokawa H, Teramoto T, Koike J, Kaneko H. Clinical outcome of laparoscopic
intersphincteric resection combined with transanal rectal dissection for t3 low rectal cancer in
patients with a narrow pelvis. Int J Surg Oncol. 2011;2011:901574.

34. Funahashi K, Koike J, Shiokawa H, Ushigome M, Kaneko T, Kagami S, et al. Clinical feasibility of
sphincter-preserving resection with transanal rectal dissection for low-lying rectal cancer in Japanese
patients: a single-center cohort study. Mini-invasive Surg. 2018;2:27. https://doi.org/10.20517/2574-
1225.2018.28.

35. Hiratsuka T, Etoh T, Hara T, Akagi T, Tahara K, Matsumoto T, et al. Long-term outcomes of
neoadjuvant-synchronous S-1 plus radiotherapy for locally advanced rectal cancer: a multi-



Page 18/21

institutional prospective phase II study. J Anus Rectum Colon. 2018;2:168–75.

3�. Sato T, Ozawa H, Hatate K, Onosato W, Naito M, Nakamura T, et al. A phase II trial of neoadjuvant
preoperative chemoradiotherapy with S-1 plus irinotecan and radiation in patients with locally
advanced rectal cancer: clinical feasibility and response rate. Int J Radiat Oncol Biol Phys.
2011;79:677–83.

37. Nakamura T, Yamashita K, Sato T, Ema A, Naito M, Watanabe M. Neoadjuvant chemoradiation
therapy using concurrent S-1 and irinotecan in rectal cancer: impact on long-term clinical outcomes
and prognostic factors. Int J Radiat Oncol. 2014;89:547–55.

3�. Lee EM, Hong YS, Kim KP, Lee JL, Kim SY, Park YS, et al. Phase II study of preoperative
chemoradiation with S-1 plus oxaliplatin in patients with locally advanced rectal cancer. Cancer Sci.
2013;104:111–5.

39. Kondo K, Matsusaka S, Ishihara S, Horie H, Uehara K, Oguchi M, et al. Long-term results of a
multicenter phase II study of preoperative chemoradiotherapy with S-1 plus oxaliplatin for locally
advanced rectal cancer (JACCRO CC-04: SHOGUN Trial). Radiother Oncol. 2019;134:199–203.

40. Shin SJ, Kim NK, Keum KC, Kim HG, Im JS, Choi HJ, et al. Phase II study of preoperative
chemoradiotherapy (CRT) with irinotecan plus S-1 in locally advanced rectal cancer. Radiother Oncol.
2010;95:303–7.

41. Hong YS, Kim DY, Lim SB, Choi HS, Jeong SY, Jeong JY, et al. Preoperative chemoradiation with
irinotecan and capecitabine in patients with locally advanced resectable rectal cancer: long-term
results of a Phase II study. Int J Radiat Oncol Biol Phys. 2011;79:1171–8.

42. Gérard JP, Azria D, Gourgou-Bourgade S, Martel-Laffay I, Hennequin C, Etienne PL, et al. Comparison
of two neoadjuvant chemoradiotherapy regimens for locally advanced rectal cancer: results of the
phase III trial ACCORD 12/0405-Prodige 2. J Clin Oncol. 2010;28:1638–44.

Figures



Page 19/21

Figure 1

Treatment schedule of preoperative chemoradiotherapy (CRT) A total of nine courses of S-1 was
administered, consisting of one course per week with �ve treatment days followed by two days of rest.
Radiotherapy was administered during the �rst 5 course with S-1. The dose of S-1 was 80 mg/m2/day,
and the total dose of radiation was 45 Gy (1.8 Gy x 25 fractions). Gy Gray
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Figure 2

Flowchart of patient enrollment in the current study CRT chemoradiotherapy; cT2, tumor invasion to, but
not beyond, the muscularis propria before surgery
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Figure 3

Three-year disease-free survival (a) overall survival (b) in postoperative advanced rectal cancer patients
who received preoperative CRT with S-1
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