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Abstract. The purpose of the present study was to evaluate 
the short‑term results of preoperative chemoradiation therapy 
with S‑1 for locally advanced rectal cancer. A total of 
32 patients with advanced rectal cancer who had been treated 
with preoperative chemoradiotherapy with S‑1 and underwent 
surgical resection between May 2012 and December 2019 were 
analyzed. Advanced rectal cancer of clinical stage II and III 
was diagnosed in 13 (41%) and 19 (59%) patients, respectively. 
Therapeutic toxicities of anemia (24 patients; 75%), anal pain 
(22 patients; 69%) and skin and subcutaneous tissue disorders 
(19 patients; 59%) were frequently observed in all grades. 
Grade ≥3 leukopenia, anemia, neutrophil count reduction, 
platelet count reduction and diarrhea were identified in 2 (6%), 
1 (3%), 1 (3%), 1 (3%) and 1 (3%) patients, respectively. A 
total of 29 patients (91%) completed this therapy without any 
change to the protocol or dosage. R0 resection was performed 
in 100% of the patients, and no postoperative mortality was 
observed. Pathological complete response was observed in 
9 cases (28.1%). This therapy can be considered for cases of 
locally advanced rectal cancer due to its acceptable toxicity 
and relatively high antitumor effect.

Introduction

In recent years, multimodal treatment including initial preop‑
erative chemoradiotherapy (CRT) followed by total mesorectal 
excision has become the preferred treatment for advanced 
rectal cancer, and this strategy is widely accepted as a standard 
treatment in western countries (1). Randomized clinical trials 
have showed that fluorouracil‑based preoperative CRT reduces 
local recurrence compared with preoperative radiation without 
chemotherapy or postoperative CRT  (2‑4). Conventional 

intravenous 5‑fluorouracil (5‑FU) or capecitabine have been 
used as radiosensitizing agents in CRT in recent years (1). 
However, further improvements in this therapy are needed 
in order to achieve better outcomes of cancer treatment 
and a better quality of life for patients. Therefore, different 
chemotherapeutic regents and regimens as radiosensitizers 
have been recently attempted for CRT (5).

S‑1, a biochemical modulator of 5‑FU, is an oral dihy‑
dropyrimidine dehydrogenase inhibitory fluoropyrimidine 
containing tegafur, gimeracil (5‑choro‑2,4‑dihydroxypyridine) 
and potassium oxonate in a molar ratio of 1:0.4:1 (6). Tegafur is 
a prodrug of 5‑FU, and gimeracil is a competitive inhibitor of 
dihydropyrimidine dehydrogenase that degrades 5‑FU (6). S‑1 
contains not only tegafur as a radiosensitizer but also gimer‑
acil, which enhances the efficacy of the radiotherapy (7‑9). 
However, few studies regarding preoperative CRT with S‑1 for 
rectal cancer have been conducted thus far (10‑12).

The present study therefore investigated the short‑term 
outcomes of neoadjuvant CRT with S‑1 for locally advanced 
rectal cancer.

Patients and methods

Eligibility criteria. The inclusion criteria were as follows: 
i) Histologically confirmed primary adenocarcinoma of the 
rectum and the tumor was mainly or partially located in the 
lower rectum; ii) tumor stage of cT3‑4 with any cN, including 
clinically metastasis to lateral pelvic lymph nodes, and cM0, 
according to the tumor‑node‑metastasis  (TNM) classifica‑
tion system (Union for International Cancer Control, UICC 
6th edition); iii) patient age of 20‑80 years old; iv) Eastern 
Cooperative Oncology Group performance status of 0 or 1; 
v) no bowel obstruction; vi) no history of chemotherapy or 
radiotherapy; and vii) written informed consent given by the 
patient. The exclusion criteria were as noted below: i) Abscess 
formation surrounding the tumor; ii) a tumor with perforation 
which required an emergency operation. From May 2012 to 
December 2019, 67  consecutive patients were eligible to receive 
this therapy. Among them, 32 patients agreed to undergo this 
neoadjuvant therapy. The remaining 35 patients were treated 
with surgery alone (without neoadjuvant therapy) and were 
excluded from this study. The medical ethics committee of 
Saga Medical Center Koseikan reviewed and approved this 
study design (permission no. 19‑11‑01‑03).
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CRT protocol
S‑1 chemotherapy. S‑1 was administrated orally twice daily 
on days 1‑14 and 22‑35. The dose of S‑1 was assigned base on 
the body surface area (BSA). The initial dose of S‑1 was deter‑
mined as follows: BSA <1.25, 1.25‑<1.5 and ≥1.5 m2 received 
80, 100 and 120 mg/day of S‑1, respectively.

Radiotherapy. Before irradiation, all patients underwent a 
simulation with computed tomography for 3‑dimensional 
conformal radiotherapy. The clinical target volume included 
the primary tumor, mesorectal, internal iliac and presacral 
lymph nodes as well as the entire pelvic cavity. The levels of 
the superior and inferior border were placed at L5‑S1 and the 
anal canal, respectively. The anterior and posterior borders 
were determined at the symphysis pubis and the sacrum, 
respectively. A total of 45 Gy of radiotherapy was started on 
the first day of administration of S‑1 and delivered 5 times 
weekly with a daily fraction of 1.8 Gy for 5 weeks using a 
3‑ or 4‑field technique.

Surgery. Radical surgical resection was performed 
4.1‑10.6 weeks (median, 7.9 weeks) after the completion of 
CRT. Total or tumor‑specific mesorectal excision along with 
the regional lymph nodes was performed. In addition, selective 
lateral lymph node dissection was performed in patients 
suspected of having lateral lymph node metastasis. All resected 
specimens were histopathologically analyzed. The pathologic 
TNM classification and stage were determined.

Evaluation of the short‑term outcomes. The major toxicities, 
rate of treatment, response rate of neoadjuvant CRT, short‑term 
clinical outcomes of neoadjuvant CRT, surgery‑related 
complications, rate of curative resection and pathologic 
evaluation findings were assessed after treatment. The tumor 
shrinkage and clinical response were evaluated using the 
Response Evaluation Criteria in Solid Tumors (RECIST) v1.1. 
before surgery. Adverse events, including those of preoperative 
CRT and surgical complications, were evaluated after each 
treatment using Common Terminology Criteria for Adverse 
Events (CTCAE) v4.0. Pathological downstaging was defined 
as any reduction in the clinical T or N.

Follow‑up. The patients were followed up by undergoing 
blood tests, including tumor markers for CEA and CA19‑9, 
every 3 months and chest to abdominal computed tomography 
every 6 months, until 5 years after the operation. Colonoscopy 
was done at 1, 3 and 5 years after the operation.

Results

Patients. From May 2012 to December 2019, 32 patients were 
treated with this therapy. The patient and tumor characteristic 
are listed in Table  I. The clinical tumor stage was cT3 in 
24 patients (75%) and cT4 in 8 patients (25%). Nineteen patients 
(59%) had clinical evidence of lymph node metastasis. Clinical 
stage II and III disease were noted in 13 (41%) and 19 patients 
(59%), respectively. The carcinoembryonic antigen (CEA) and 
carbohydrate antigen 19‑9 (CA19‑9) levels (tumor markers) 
before neoadjuvant therapy were 11.3±24.6  ng/ml and 
19.3±16.1 U/ml (mean ± SD), respectively.

Acute adverse events associated with preoperative 
chemoradiotherapy. Table  II shows the major toxicities 
observed among the patients according to the CTCAE. Anemia 
of all grades was observed in 24 patients (75%) during the 
treatment. However, initially, 15 patients (47%) experienced 
anemia. Anal pain (22 patients; 69%) and skin and subcuta‑
neous tissue disorders (19 patients; 59%) were frequently seen 
in all grades. Grade ≥3 leukopenia, anemia, neutrophil count 
reduction, platelet count reduction and diarrhea were seen 
in 2 patients (6%), 1 (3%), 1 (3%), 1 (3%) and 1 patient (3%), 
respectively. Twenty‑nine patients  (91%) completed this 
therapy without any change to the protocol or dosage. One 
patient experienced grade 2 malaise, and the dosage of the 
S‑1 was reduced. One patient postponed radiation therapy 
due to grade 2 diarrhea but completed the therapy after the 
interruption. One patient discontinued chemotherapy with S‑1 
on day 23 due to drug eruption.

Clinical tumor response. The clinical response is shown in 
Table III. Tumor shrinkage was seen in all patients, and the 
degree was 27.8±15.1% [mean ±  standard deviation  (SD)] 
(Table III). A partial response and stable disease were seen 
in 12 (38%) and 20 patients (63%), respectively, according to 
the RECIST. Progressive disease was not seen in any patients. 
The CEA and CA19‑9 levels before the operation were 
3.8±3.9 ng/ml and 13.8±14.2 U/ml (mean ± SD), respectively.

Surgical treatment. Laparoscopic or open surgery was 
performed in 29  (91%) and 3  (9%) patients, respectively. 
The operative procedures were abdomioperineal resection 
(19 patients: 59%), low anterior resection (6 patients: 19%), 
intersphincteric resection (3  patients:  9%), total pelvic 
exenteration (3  patients: 9%) and Hartmann operation 
(1 patient: 3%). Lateral lymph node dissection was performed 
in 5 patients (16%). A diverting stoma with ileum was created 
in nine cases (28%). All patients achieved R0 resection. No 
postoperative mortality was seen.

Postoperative complications. Postoperative complications 
were assessed according to the Clavien‑Dindo classification. 
Abdominal abscess (grade  II, 1 case; grade  IIIa, 3 cases), 
delayed perineal wound healing (grade  I,  3  cases; 

Table I. Patient and tumor characteristics (n=32).

Characteristic	 Value

Sex, n (male:female)	 26:6
Age, years (median; min, max)	 66.5 (32,79)
Main tumor location, n (upper:lower rectum)	 4:28
Histological differentiation, n (well/mod:por/sig)	 28:4
Clinical T classification, n (cT3/T4)	 24:8
Clinical N classification, n (cN‑/+)	 13:19
Clinical stage, n (cStage II/III)	 13:19
Pretreatment	
  Carcinoembryonic antigen, ng/ml (mean ± SD)	 11.3±24.6
  Carbohydrate antigen 19‑9, U/ml (mean ± SD)	 19.3±16.1
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grade  IIIa,  1  case), bowel obstruction (grade  II,  3  cases), 
pseudomembranous colitis (grade  II,  2  cases), dysuria 
(grade  I,  1  case; grade  IIIa,  1  case), anastomotic leakage 
(grade IIIb, 1 case), anastomotic stenosis (grade IIIb, 1 case), 
urinary tract infection (grade  II,  1  case), stenosis of the 
colostomy (grade  II, 1 case) and cellulitis of the buttocks 
(grade II, 1 case) were seen. No postoperative mortality was 
observed.

Pathological evaluation. The pathological examination of the 
therapeutic effect was grade 0, 1a, 1b, 2 and 3 in 0, 6, 22, 44 and 
28% of cases, respectively (Table IV). Pathological complete 
response (pCR) was seen in 9 cases (28.1%). Downstaging 
of tumor invasion and lymph node metastasis was observed 
in 14  (44%) and 11  (34%) cases, respectively. Combined 
T and/or N downstaging was seen in 19 cases (59%).

Discussion

Preoperative CRT is a key treatment for enhancing the local 
control and reducing the therapeutic toxicity compared with 
postoperative CRT. Preoperative CRT with continuous infu‑
sion of 5‑FU or capecitabine is the standard treatment for rectal 
cancer (1,13). 5‑FU‑based reagents function as radiosensitizers 
by killing S‑phase cells, which are relatively radioresistant (14). 
Recently, capecitabine has been used to replace treatment 
with 5‑FU as neoadjuvant chemoradiotherapy for locally 
advanced rectal cancer (13). However, a previous randomized 
study showed that CRT with capecitabine was associated 
with a significantly high incidence of hand‑foot skin reac‑
tion (31%; any grade), fatigue (28%; any grade) and proctitis 

Table III. Clinical tumor response of patients (n=32).

Finding	 Value

Tumor shrinkage, % (mean ± SD)	 27.8±15.1
Clinical response, n (%)	
  CR	   0   (0)
  PR	 12 (38)
  SD	 20 (63)
  PD	   0   (0)
Preoperation	
  Carcinoembryonic antigen, ng/ml (mean ± SD)	 3.8±3.9
  Carbohydrate antigen 19‑9, U/ml (mean ± SD)	 13.8±14.2

CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease.

Table II. Acute adverse events associated with preoperative chemoradiotherapy. 

	 Patients with adverse events of all 	 Patients with grade 3 and 4 adverse 
Adverse event	 grades, n (%)	 events, n (%)

Anemia	 24 (75)	 1 (3)
Leukopenia	 10 (31)	 2 (6)
Neutrophil count decreased	   8 (25)	 1 (3)
Platelet count decreased	 11 (34)	 1 (3)
AST and/or ALT increased	   2   (6)	 0 (0)
Anal pain	 22 (69)	 0 (0)
Skin and subcutaneous tissue disorders	 19 (59)	 0 (0)
Anorexia	   8 (25)	 0 (0)
Malaise	   8 (25)	 0 (0)
Skin hyperpigmentation	   7 (22)	 0 (0)
Nausea	   6 (19)	 0 (0)
Anal hemorrhage	   4 (13)	 0 (0)
Urticaria	   3   (9)	 0 (0)
Diarrhea	   2   (6)	 1 (3)

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Table IV. Pathologic results of patients (n=32).

Finding	 Value

JSCCR pathological state, n (%)	
  Grade 0	   0   (0)
  Grade 1a	   2   (6)
  Grade 1b	   7 (22)
  Grade 2	 14 (44)
  Grade 3	   9 (28)
Pathological T classification, n (pT0/T2/T3/T4)	 10/3/18/1
Pathological N classification, n (pN‑/+)	 21/11
Pathological stage, n (pCR/pStage I/II/III)	 9/3/9/11
T down‑staging, n (%)	 14 (44)
N down‑staging, n (%)	 11 (34)
Combined T and/or N down‑staging, n (%)	 19 (59)

JSCCR, Japanese Society for Cancer of the Colon and Rectum.
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(16%; any grade) compared with 5‑FU (13). In contrast, S‑1 
is also used for adjuvant therapy after rectal surgery and is 
considered quite tolerable (15). The oral anticancer reagent 
S‑1 is a biochemical modulator of 5‑FU and has been reported 
to enhance the effect of radiotherapy in cancer cells  (7). 
Therefore, preoperative CRT with S‑1 may be a viable candi‑
date for the treatment of the rectal cancer.

In the present study, the frequent toxicity of this treatment 
was anal pain  (69%), followed by skin and subcutaneous 
tissue disorders (59%). These toxicities are notable findings 
because no similar findings had ever been mentioned in 
previous reports (10,11). However, it was a reversible event, 
and all patients recovered after the treatment before radical 
surgery. When performing chemoradiotherapy with S‑1, 
we need to keep in mind the possible occurrence of skin 
related side effects. Regarding severe toxicity, grade 3/4 
leukopenia, anemia, a neutrophil count reduction, a platelet 
count reduction and diarrhea were seen in 6, 3, 3, 3 and 3% 
of cases, respectively. These results were comparable to 
those of previous studies of preoperative CRT with 5‑FU or 
capecitabine (leukopenia: 8.2 and 1.5%, anemia: 1 and 0%, 
platelet count reduction: 0.5 and 0, diarrhea: 2 and 8.6%, 
respectively)  (13). One patient terminated treatment due 
to severe diarrhea. However, completion of this combined 
therapy without any modification was seen in 93.8% of cases 
of S‑1 treatment and 96.9% of those with radiotherapy. Indeed, 
preoperative CRT with S‑1 is reported to have a high compli‑
ance rate for chemotherapy (89.2‑100%) and radiotherapy 
(94.6‑100%) (10,11), with two reasons speculated: Oral treat‑
ment can be administrated on an outpatient basis, and S‑1 
is less toxic than intravenously delivered chemotherapeutic 
reagents (11).

A previous study showed that the pCR rate of CRT with 
S‑1 was 10.8‑22.2% (10,11). Our study showed a pCR rate of 
28.1%, which was consistent with the findings of previous 
reports. Capecitabine, an orally administrated pro‑drug of 
5‑FU, is already widely used in western countries, and the 
pCR rate of CRT with capecitabine reportedly ranges from 
12‑31% (16‑18). In addition, the pCR rate of the floropyrimi‑
dine (5‑FU, capecitabine, S‑1)/irinotecan, floropyrimidine 
(5‑FU, capecitabine)/oxaliplatin and floropyrimidine (5‑FU, 
capecitabine)/bevacizmab with radiotherapy regimens for 
have been reported to be 13.7‑37, 13.3‑19.2 and 7.5‑32% 
and respectively (5). These results are comparable to those 
of CRT with S‑1, and the tolerability of this therapy seems 
acceptable, suggesting that this regimen should be consid‑
ered in the future.

In our study, R0 resection was performed in 100% of 
patients. A previous report on CRT with S‑1 also found a 
similarly high R0 rate (94.6%) (11). However, anal‑preserving 
surgery was only performed in 9 patients (28%) in our study, 
which seemed relatively low compared with the previous report 
of Hiratsuka et al (12) (43.2%). Twenty‑eight of 32 tumors were 
located in the lower rectum. Therefore, the anus could not be 
preserved in 19 patients with lower rectal cancer because a 
safe surgical margin could not be achieved due to the fact that 
the tumor was located close to the anus, and/or defecation 
dysfunction was deemed likely to occur due to the patient's age 
and background. On the other hand, among the 9 patients who 
achieved a pCR in whom the creation of a colostomy might 

have been avoidable, 6 (67%) patients underwent the creation 
of a permanent colostomy. When performing radical surgery 
with the goal of achieving an R0 resection, it is sometimes 
not possible to successfully preserve the anus. In addition, our 
study included eight T4 cases and among them direct tumor 
invasion to either the bladder and/or prostate was diagnosed in 
3 cases before performing neoadjuvant therapy. In these cases, 
computed tomography and/or magnetic resonance imaging 
before surgery still showed suspected direct invasion due to 
the unclear boundary with the surrounding organs. Thus, as a 
result, abdominoperineal resection was performed in all three 
cases. However, a pathological study demonstrated the depth 
of tumor invasion in those three cases to be pCR, T2 and T3, 
respectively. We therefore need to improve the diagnostic 
accuracy to avoid extended resection of the anus and the 
adjacent organs and to consider extending the indications for 
the preservation of the anal function and the adjacent organs 
on a case‑by‑case basis in the future.

The present study was associated with some limitations. 
First, the study was conducted at a single institution with a rela‑
tively small number of patients. In addition, we only examined 
the short‑term results. Only one study from Hiratsuka et al (12) 
reported the long‑term outcomes of CRT with S‑1 for locally 
advanced rectal cancer, noting a 5‑year disease‑free survival 
and 5‑year overall survival of 66.7 and 74.7%, respectively, for 
Stage II and III rectal cancer. Therefore, further studies will be 
needed to confirm the efficacy of preoperative CRT with S‑1 
for locally advanced rectal cancer, including an assessment of 
the long‑term outcomes regarding disease free survival and 
local recurrence, and sexual and urinary function.

In conclusion, we reported the efficacy of CRT with S‑1. 
This therapy can be reasonably considered for locally advanced 
rectal cancer due to its acceptable toxicity and relatively high 
anti‑tumor effect.
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