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Introduction

Colorectal cancer is the second leading cause of cancer-
related deaths worldwide (1). In Japan, there were 
152,254 cases of newly diagnosed colorectal cancer in 
2018, and 51,788 people died from colorectal cancer in 
2020 in Japan (2). Postoperative adjuvant chemotherapy 
is given with the aim of killing any residual cancer cells 
to improve prognosis for cases in which R0 resection 
with curative intent was performed. Fluoropyrimidines 
and their biochemical modulation by leucovorin (LV) 
have been key drugs that are incorporated into treatment 
strategies for patients with advanced colorectal cancer 
at stage III and high-risk stage II (3-5). On the basis of 
results from the MOSAIC and XELOXA randomized 
trials, infused fluorouracil and LV with oxaliplatin 
(FOLFOX) and capecitabine with oxaliplatin (CapeOX) 
are widely used as standard postoperative adjuvant 
chemotherapies (6-8). Fluoropyrimidine plus oxaliplatin 
is the standard of care for stage III colon cancer but 
fluoropyrimidine alone is also recommended for stage 
III patients in Japanese and other practice guidelines (6-

9). However, prolonged peripheral neuropathy, central 
venous access, and cost of care are significant problems 
when using oxaliplatin-based therapy (8).
 In Japan, clinical trials of postoperative adjuvant 
chemotherapy have focused mainly on fluoropyrimidine-
based regimens in both colon and rectal cancers 
because of convenient oral delivery and efficacy of 
the drug. Tegafur–uracil, UFT, is a combination drug 
comprising tegafur, a prodrug of 5-fluorouracil (5-FU) 
and uracil, an inhibitor of the 5-FU-degrading enzyme 
dihydropyrimidine dehydrogenase, in a molar ratio of 1:4. 
Although there were no significant differences in relapse-
free survival (RFS) and overall survival (OS) in colon 
cancer, a benefit was observed in rectal cancer when the 
adjuvant UFT group and the surgery alone group were 
compared (10). A significant benefit was associated 
with adjuvant UFT in RFS and OS in patients with RAS 
mutation; on the other hand, there were no differences in 
RFS or OS between the adjuvant UFT group and surgery-
alone group among patients without RAS mutation. 
The RAS mutation was considered predictive with 
respect to the efficacy of adjuvant UFT chemotherapy 
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in patients with resected stage III colorectal cancer (11). 
The non-inferiority of UFT/LV to 5-FU/LV as adjuvant 
hemotherapy for stage III colorectal cancer has been 
verified in both the JCOG0205 and the NSABP C-06 
clinical trials (12,13). Therefore, UFT/LV has been widely 
adopted in Japan as standard adjuvant chemotherapy. S-1 
is an oral anticancer drug that combines tegafur, a prodrug 
of 5-FU, with 2 modulators. The first is gimeracil, which 
reversibly inhibits DPD, the primary metabolizing 
enzyme of 5-FU, thereby extending the duration of 5-FU 
levels in the blood. The second is oteracil potassium, 
which reduces the activity and associated toxicity of 5-FU 
in gastrointestinal tissue (14). In the ACTS-CC trial (15-
17), S-1 was not inferior to UFT/LV for stage III disease. 
Furthermore, S-1 plus oxaliplatin (SOX) was not superior 
to UFT/LV as adjuvant chemotherapy in the ACTS-
CC02 trial (18-20). This latter trial focused on patients 
with high-risk stage III colon cancer, which is defined 
as N2 with any T or positive nodes around the origin 
of the feeding arteries. S-1 did not show non-inferiority 
with regard to disease-free survival (DFS) for stage III 
colon cancer in the JCOG0910 trial; 3-year DFS rates 
were 82.0% and 77.9% in the capecitabine and S-1 arms, 
respectively (21).
 Here, we assessed the efficacy of adjuvant 
fluoropyrimidine with or without oxaliplatin across a 
population of stage III colon cancer patients that is present 
in the Japanese Multi-Institutional Registry of Large 
Bowel Cancer.

Methods

Patients who were diagnosed with colorectal cancer 
between January 1, 2008 and December 31, 2011 and 
were registered with the Multi-Institutional Registry of 
Large Bowel Cancer in Japan were enrolled in this study. 
Eligibility required that patients had undergone surgery 
for stage III colorectal cancer at a facility participating 
in this Registry according to the General Rules for 
Clinical and Pathological Studies on Cancer of the Colon, 
Rectum, and Anus (7th edition) (22), and UICC TNM 
classification (7th edition) (23).
 Pearson's chi-square test was used to determine 
whether there were differences between proportions. 
Survival functions for OS and RFS were estimated by 
the Kaplan-Meier method, and confidence intervals 
(CI) were calculated based on the Greenwood formula. 
The confidence intervals of median survival time were 
calculated using the Brookmeyer-Crowley method. 
Adjusted survival functions for OS and RFS were 
calculated based on the conditional method (24). Hazard 
ratio (HR) and adjusted HR for OS and RFS were 
obtained using Cox regression models. Competing risk 
analysis was performed to account for the impact of 
death due to other diseases. Death due to other diseases 
was treated as a competing risk event, and adjusted 
sub distribution HRs were calculated using the Fine–

Gray model. Possible prognostic factors (i.e., age, sex, 
histologic type, stage, pre-serum carcinoembryonic 
antigen (CEA), location, and postoperative chemotherapy) 
were adjusted in multivariable analyses as appropriate. 
The cut-off value of age was due to the definition of older 
age in Japan, and that of CEA was the normal upper limit 
value. This study was approved by the certified review 
boards.
 A two-sided P-value < 0.05 was considered to be 
significant. R version 4.1.3 (R Foundation for Statistical 
Computing, Vienna, Austria) with gtsummary packge (25) 
was used for all statistical analyses.

Results

Data from 26,552 patients with colorectal cancer at 
67 hospitals in Japan were collected; 6,843 patients at 
stage III were analyzed in this study (Figure 1). Median 
follow-up was 74.9 months in the oxaliplatin combined 
therapy group and 74.7 months in the fluoropyrimidine 
monotherapy group. Fluoropyrimidines consisted of 
5-FU/l-leucovorin (l-LV), capecitabine, UFT/LV, and 
S-1. The oxaliplatin-combined regimen was oxaliplatin 
plus 5-FU/l-LV. Others included UFT, irinotecan plus 
5-FU/l-LV, capecitabine plus oxaliplatin, and S-1 plus 
oxaliplatin. Infusional 5-FU/l-LV/oxaliplatin combination 
therapy (FOLFOX) was recommended as adjuvant 
chemotherapy in the JSCCR guidelines 2010 (26) for the 
treatment of colorectal cancer and – consistent with the 
2009 version (27) – FOLFOX was not reimbursed by 
insurance.
 The 5-, 7-, and 10-year OS rates were 75.9%, 
68.3%, and 62.6%, and the 3-year, 5-, 7-, and 10-year 
RFS rates were 68.9%, 63.0%, 58.5%, and 54.0%, 
respectively (Supplemental Figure S1, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=55). The right colon consisted of cecum, C, 
and ascending, A, and transverse colon, T. The left colon 
consisted of descending colon, D, and sigmoid colon, S. 
The rectum was divided into rectosigmoid, RS, rectum 
above the peritoneal reflection, Ra, and rectum below 
the peritoneal reflection, Rb, as in the General Rules for 
Clinical and Pathological Studies on Cancer of the Colon, 
Rectum, and Anus, the 7th edition by Japanese Society 
for Cancer of the Colon. The 5-year OS rates in right 
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Figure 1. Flow diagram of the patient selection process.

https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=55
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65.8%, and 60.1%, respectively. Postoperative adjuvant 
chemotherapy was effective in all locations (Table 2).
 The 5-year OS rates associated with colon and rectal 
cancer were 90.2% and 93.1% at stage IIIa, 78.2% 
and 78.2% at stage IIIb, 67.0% and 60.2% at stage 
IIIc, respectively (Figure 3). Factors associated with a 
significantly worse prognosis for OS were age 65 or more, 
male, rectal site, poorly differentiated adenocarcinoma 
(por)/mucinous adenocarcinoma (muc)/signet-ring cell 
carcinoma (sig)/others. For RFS, the factors were male, 
rectal site, and serum CEA level of 5 ng/mL or more at 
baseline in RFS (Table 3). Patients not treated with any 
adjuvant chemotherapy tended to be older and generally 
had colon cancer. T4 or N2 patients and stage IIIc patients 
were treated with oxaliplatin (Table 4). The 5-year OS 
rates associated with colon and rectal cancer after the 

colon (N = 1,892), left colon (N = 1,911), and rectum (N 
= 2,864) were 74.2%, 78.4%, and 76.3%, respectively 
(Figure 2). 
 Approximately 30% of colorectal cancer patients 
received some form of chemotherapy. The mean age of 
patients without adjuvant chemotherapy (73 years) was 
higher than that of those treated with Fluoropyrimidine 
monotherapy (64 years) and those treated with an 
oxaliplatin-combined regimen (61 years; Table 1). The 
proportions of death due to other disease were 30% 
in the no adjuvant chemotherapy group, 16% in the 
Fluoropyrimidine monotherapy group, and 10% in the 
oxaliplatin-combined regimen group (Supplemental 
Table S1, https://www.globalhealthmedicine.com/
site/supplementaldata.html?ID=55). The RFS rates 
in the right colon, left colon, and rectum were 66.1%, 
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Figure 2. Overall survival (OS) and relapse-free survival (RFS) of colorectal cancer at stage III by primary lesion. 
Right colon; C, cecum, A, ascending, and T, transverse colon: left colon; D, descending and S, sigmoid colon: rectum; RS, 
rectosigmoid, Ra, rectum above the peritoneal reflection, and Rb, rectum below the peritoneal reflection.

Figure 3. Overall survival (OS) and relapse-free survival (RFS) of colorectal cancer at stage III by Japanese classification. 
Colon; C, cecum, A, ascending, and T, transverse colon, D, descending and S, sigmoid colon: rectum; RS, rectosigmoid, Ra, 
rectum above the peritoneal reflection, and Rb, rectum below the peritoneal reflection.

https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=55
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covariate adjustment were 94.4% and 96.8% at stage IIIa, 
86.5% and 85.7% at stage IIIb, 78.9% and 67.2% at stage 
IIIc by Japanese classification, respectively (Supplemental 
Figure S2, https://www.globalhealthmedicine.com/site/
supplementaldata.html?ID=55).
 The 5-year OS rates associated with colon and 
rectal cancer after the covariate adjustment by 
regimens of adjuvant chemotherapy were 95.7% 
with fluoropyrimidines and 96.8% with oxaliplatin-
combined therapy at stage IIIA, 86.5% and 80.8% at 
stage IIIB, 72.1% and 70.7% at stage IIIC by the TNM 
classification, respectively (Figure 4). No additive 
effect of oxaliplatin was observed in stage III patients 
with any T, N1 or N2; this is consistent with results 
in the equivalent target population in the "MOSAIC" 
trial (Figure 5, Supplemental Figure S2, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=55). Fluoropyrimidine monotherapy was more 
effective than oxaliplatin-combined regimen in colon 
cancer patients with N1 (Supplemental Figure S2, https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=55). Oral capecitabine imparted statistically 
significant benefit in OS and RFS compared with oral 
UFT/ LV (Figure 6).

Discussion

Adjuvant  f luoropyrimidine monotherapy and 
fluoropyrimidine plus oxaliplatin show comparable 
efficacy benefits for the treatment of stage III of Japanese 
colon cancer patients, supporting fluoropyrimidine 
alone as a standard option for the adjuvant therapy of 
stage III cancer in Japan. Thirty percent of stage III 

colorectal cancer patients did not receive any adjuvant 
chemotherapy. We recommend that elderly patients with 
other concomitant diseases should not be given adjuvant 
chemotherapy.
 In the ACTS-CC02 study, S-1 plus oxaliplatin 
therapy (SOX) was not superior to UFT/LV in terms 
of OS and disease-free survival (DFS) in patients with 
high-risk stage III colon cancer of any T, N2, or positive 
nodes around the origin of the feeding arteries (18,20). 
SOX was efficacious in patients with T4N2b disease. 
However, oxaliplatin-combined regimen was not superior 
to fluoropyrimidines in our real-world data even in the 
T4 population with or without N2b. The mean relative 
dose intensity (RDI) was 83.1% for UFT, 74.9% for S-1 
and 73.6% for oxaliplatin in SOX in ACTS-CC02 (20). 
The RDI of S-1 in SOX therapy was similar to the 76.5% 
of RDI with S-1 monotherapy and 76.0% with UFT in 
ACTS-CC study, which showed the non-inferiority of 
S-1 to UFT/LV for stage III colon cancer (16). Therefore, 
oxaliplatin did not significantly reduce the RDI of S-1 
in the SOX group. The additive effect of oxaliplatin was 
not shown in the unique randomized controlled trial of 
ACTS-CC02 in Japan.
 ACHIEVE was a Japanese phase III trial that explored 
whether 3 months of adjuvant FOLFOX or CapeOX 
therapy was non-inferior to 6 months of treatment in 
patients with stage III colon cancer (24-26). The 5-year 
OS rates were 79.8% in the 3-months oxaliplatin-
combined regimen group and 79.8% in the 6-month 
group in high-risk disease patients with T4 or N2 (26). 
Patients with CAPOX were significantly more likely to 
develop adverse events of grade 3 or more when they had 
a baseline creatinine clearance (CCr) less than 50 mL/

www.globalhealthmedicine.com

Table 3. Multivariable analyses of patients with colorectal cancer at stage III (N = 2,718)

Variable

Postoperative chemotherapy
     Fluoropyrimidine monotherapy
     Oxaliplatin combined therapy
Age
     < 65
     ≥ 65
Sex
     Male
     Female
Colon/Rectum
     Colon
     Rectum
Histologic Type
     well/mod
     por/muc/sig/others
Stage
     IIIa
     IIIb
     IIIc
Pre CEA
     < 5 ng/mL
     ≥ 5 ng/mL

HR

1.43

1.25

0.86

1.09

2.00

2.30
4.57

1.43

95% CI

1.18, 1.73

1.07, 1.46

0.74, 1.01

0.93, 1.27

1.63, 2.47

1.65, 3.21
3.22, 6.49

1.13, 1.79

P-value

< 0.001

   0.006

   0.068

   0.311

< 0.001

< 0.001
< 0.001

   0.002

Adj. HR

1.11

1.36

0.83

1.21

1.47

2.36
4.45

1.19

95% CI

0.88, 1.38

1.14, 1.62

0.70, 0.99

1.02, 1.44

1.15, 1.88

1.65, 3.38
3.03, 6.53

0.92, 1.52

P-value

   0.380

< 0.001

   0.040

   0.032

   0.002

< 0.001
< 0.001

   0.183

HR

1.43

0.96

0.81

1.33

1.51

2.67
4.58

1.63

95% CI

1.22, 1.67

0.85, 1.09

0.71, 0.92

1.17, 1.50

1.26, 1.81

2.05, 3.47
3.46, 6.06

1.36, 1.95

P-value

< 0.001

   0.568

< 0.001

< 0.001

< 0.001

< 0.001
< 0.001

< 0.001

Adj. HR

1.14

1.04

0.79

1.41

1.18

2.78
4.38

1.39

95% CI

0.96, 1.36

0.91, 1.18

0.69, 0.90

1.24, 1.62

0.96, 1.45

2.10, 3.68
3.23, 5.93

1.14, 1.68

P-value

   0.139

   0.611

< 0.001

< 0.001

   0.110

< 0.001
< 0.001

< 0.001

OS (univariable) RFS (univariable) RFS (Multivariable)OS (Multivariable)

Reference Reference Reference Reference

Reference Reference Reference Reference

Reference Reference Reference Reference

Reference Reference Reference Reference

Reference Reference Reference Reference

Reference Reference Reference Reference

Reference Reference Reference Reference

OS, overall survival; RFS, relapse-free survival, well, well differentiated tubular adenocarcinoma; mod, moderately differentiated adenocarcinoma; 
por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma; sig, signet-ring cell carcinoma; pre CEA, pre-serum carcinoembryonic 
antigen.

https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=55
https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=55
https://www.globalhealthmedicine.com/site/supplementaldata.html?ID=55
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min (24). Based on this, we amended the protocol and 
added a CCr of more than 30 mL/min to the eligibility 
criteria; the CapeOX regimen was then initiated with a 
decreased dose of capecitabine of 1,500 mg/m2 from 2,000 
mg/m2 per day in patients with a CCr of 30 to 50 mL/
min and/or who were > 70 years old. The combination 
with oxaliplatin compromised the maximum tolerated 
dose of capecitabine due to toxicity. Therefore, caution 
should be exercised when interpreting the results of this 
clinical trial, particularly those related to the combination 
of oxaliplatin as adjuvant chemotherapy. We observed a 
significant efficacy of fluoropyrimidine monotherapy in 
this Japanese real-world study. Capecitabine was superior 

to S-1 for stage III patients in the previous JCOG0910 
study (21). This drug also seemed to be more effective 
than UFT/LV, S-1, 5-FU/ l-LV/ oxaliplatin therapy in our 
current study, which used real world data (Figure 6).
 Based on the results of previous adjuvant trials, 
oxaliplatin-combined regimens are considered standard 
adjuvant chemotherapy for patients with stage III colon 
cancer especially in Western countries. On the other hand, 
fluoropyrimidine monotherapies elicit favorable results 
when used as adjuvant chemotherapy in Japan, and are 
comparable to oxaliplatin-combined regimens that are 
used in Western countries. There are two factors that may 
contribute to a better outcome: D3 lymph node dissection 

www.globalhealthmedicine.com

Figure 6. Overall survival (OS) and relapse-free survival (RFS) of stage III colorectal cancer by regimen. 5-FU, 
5-fluorouracil; l-LV, l-leucovorin; UFT, tegafur-uracil ; LV, leucovorin.

Figure 5. Overall survival (OS) and relapse-free survival (RFS) at stage III colon cancer with any T, N1 or N2 by the TNM 
classification.
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and thorough pathological examinations (28-30). Standard 
colon cancer surgery in the West employs resection of a 
long portion of the colon with limited central lymph node 
dissection (31). On the other hand, in Japan, resection of a 
shorter section of the colon is accompanied by extensive 
lymph node dissection in the central direction (D3 lymph 
node dissection) (32). Therefore, the physical location 
of the dissected lymph nodes is quite different in the two 
geographic locations, even if the number of dissected 
lymph nodes is similar (33). In the West, lymph nodes 
are removed from excised specimens, fixed with formalin 
and submitted for pathological examination. However, 
in Japan lymph nodes are removed from fresh excised 
specimens before formalin fixation and submitted for 
pathological examination after formalin fixation. Studies 
of large numbers of colon cancer patients from Japan and 
the United States revealed that 12 or more lymph nodes 
were examined in 68% and 37% of patients, respectively 
(34,35). Such differences in the frequency with which 
a given number of lymph nodes are examined may 
contribute to stage migration. Therefore, extrapolating the 
results from trials of adjuvant chemotherapy in Europe 
and the United States to the situation in Japan is not 
appropriate. Rather, clinical evidence based on Japanese 
surgery and pathological examination data should be used 
to guide treatment of patients in Japan.
 In conclusion, adjuvant chemotherapy using 
fluoropyrimidines without oxaliplatin for stage III 
colorectal cancer elicited a significant effect on OS. 
Fluoropyrimidine monotherapy should be chosen for 
many Japanese colorectal cancer patients based on our 
analysis of real-world big data. Optimal chemotherapy in 
the adjuvant setting for colorectal cancer should therefore 
be chosen based on the medical environment in each 
country.

Acknowledgements

We wish to thank all the patients and clinicians who 
participated in this study. Presented in part at the annual 
meeting of American Society of Clinical Oncology, June 
3-7, 2022.

Funding: This study was funded by a JSCCR research 
grant for the Multi-Institutional Registry of Large Bowel 
Cancer in Japan.

Conflict of Interest: YY has received research funding 
from Chugai, and honoraria from Janssen, Taiho, 
Behringer-Ingelheim, and Ono. HK has received 
honoraria from Taiho, Shionogi, Eli Lilly, Chugai, Kaken 
Pharmaceutical, Covidien Japan, Merck Biopharma. KN 
has received honoraria from SENJU Pharmaceutical, 
Toray Industries, and Pfizer R&D Japan, and an advisory 
role for Fujimoto Pharmaceutical. KS has received 
honoraria from Taiho, Chugai, Takeda, and Merck 
Biopharma.

References

1. Sung H, Ferlay J, Siegel RL, Mathieu Laversanne M, 
Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 
2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185. CA Cancer J Clin. 2021; 
71:209-249.

2. Ganjoho Service. Totalization tables. https://ganjoho.jp/
reg_stat/statistics/data/dl/index.html#a14 (accessed June 
10, 2022). (in Japanese)

3. O'Connell MJ. A phase III trial of 5-fluorouracil and 
leucovorin in the treatment of advanced colorectal cancer. 
A Mayo Clinic/North Central Cancer Treatment Group 
study. Cancer. 1989; 63 (6 Suppl):1026-1030.

4. E Jäger, M Heike, H Bernhard, O Klein, G Bernhard, 
D Lautz, J Michaelis, K H Meyer zum Büschenfelde, 
A Knuth. Weekly high-dose leucovorin versus low-
dose leucovorin combined with fluorouracil in advanced 
colorectal cancer: results of a randomized multicenter 
trial. Study Group for Palliative Treatment of Metastatic 
Colorectal Cancer Study Protocol 1. J Clin Oncol. 1996; 
14:2274-2279.

5. A Sobrero, G Frassineti, A Falcone, L Dogliotti, R Rosso, 
F Di Costanzo, P Bruzzi, INTACC. Adjuvant sequential 
methotrexate → 5-fluorouracil vs 5-fluorouracil plus 
leucovorin in radically resected stage III and high-risk 
stage II colon cancer. Br J Cancer. 2005; 92:24-29.

6. André T, Boni C, Mounedji-Boudiaf L, Navarro M, 
Tabernero J, Hickish T, Topham C, Zaninelli M, Clingan P, 
Bridgewater J, Tabah-Fisch I, de Gramont A; Multicenter 
International Study of Oxaliplatin/5-Fluorouracil/
Leucovorin in the Adjuvant Treatment of Colon Cancer 
(MOSAIC) Investigators. Oxaliplatin, fluorouracil, and 
leucovorin as adjuvant treatment for colon cancer. N Engl 
J Med. 2004; 350:2343-2351.

7. Schmoll HJ, Twelves C, Sun W, O'Connell MJ, Cartwright 
T, McKenna E, Saif M, Lee S, Yothers G, Haller D. Effect 
of adjuvant capecitabine or fluorouracil, with or without 
oxaliplatin, on survival outcomes in stage III colon cancer 
and the effect of oxaliplatin on post-relapse survival: 
a pooled analysis of individual patient data from four 
randomised controlled trials. Lancet Oncol. 2014; 15:1481-
1492.

8. Grothey A, Sobrero AF, Shields T, et al. Duration of 
adjuvant chemotherapy for stage III colon cancer. N Engl J 
Med. 2018; 378:1177-1188.

9. Kuebler JP, Wieand HS, O'Connell MJ, et al. Oxaliplatin 
combined with weekly bolus fluorouracil and leucovorin as 
surgical adjuvant chemotherapy for stage II and III colon 
cancer: results from NSABP C-07. J Clin Oncol. 2007; 
25:2198-2204.

10. 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; 67:587-596.

11. Sasaki Y, Akasu T, Saito N, Kojima H, Matsuda K, 
Nakamori S, Komori K, Amagai K, Yamaguchi T, Ohue M, 
Nagashima K, Yamada Y. Prognostic and predictive value 
of extended RAS mutation and mismatch repair status in 
stage III colorectal cancer. Cancer Sci. 2016; 107:1006-
1012.

12. Shimada Y, Hamaguchi T, Mizusawa J, et al. Randomised 
phase III trial of adjuvant chemotherapy with oral uracil 
and tegafur plus leucovorin versus intravenous fluorouracil 

www.globalhealthmedicine.com



Global Health & Medicine. 2022; 4(5):259-267.Global Health & Medicine. 2022; 4(5):259-267.

and levofolinate in patients with stage III colorectal 
cancer who have undergone Japanese D2/D3 lymph node 
dissection: final results of JCOG0205. Eur J Cancer. 2014; 
50:2231-2240.

13. O'Connell MJ, Lavery I, Yothers G, Paik S, Clark-Langone 
KM, Lopatin M, Watson D, Baehner FL, Shak S, Baker 
J, Cowens JW, Wolmark N. Relationship between tumor 
gene expression and recurrence in four independent studies 
of patients with stage II/III colon cancer treated with 
surgery alone or surgery plus adjuvant fluorouracil plus 
leucovorin. J Clin Oncol. 2010; 28:3937-3944.

14. Shirasaka T, Nakano K, Takechi T, Satake H, Uchida J, 
Fujioka A, Saito H, Okabe H, Oyama K, Takeda S, Unemi 
N, Fukushima M. Antitumor activity of 1 M tegafur-0.4 M 
5-chloro-2,4-dihydroxypyridine-1 M potassium oxonate 
(S-1) against human colon carcinoma orthotopically 
implanted into nude rats. Cancer Res. 1996; 56:2602-
2606.

15. Yoshida M, Ishiguro M, Ikejiri K, et al. S-1 as adjuvant 
chemotherapy for stage III colon cancer: a randomized 
phase III study (ACTS-CC trial). Ann Oncol. 2014; 
25:1743-1749.

16. Mochizuki I, Takiuchi H, Ikejiri K, et al. Safety of UFT/
LV and S-1 as adjuvant therapy for stage III colon cancer 
in phase III trial: ACTS-CC trial. Br J Cancer. 2012; 
106:1268-1273.

17. Kusumoto T, Ishiguro M, Nakatani E, et al. Updated 
5-year survival and exploratory T x N subset analyses of 
ACTS-CC trial: a randomised controlled trial of S-1 versus 
tegafur-uracil/leucovorin as adjuvant chemotherapy for 
stage III colon cancer. ESMO Open. 2018; 3:e000428.

18. Sunami E, Kusumoto T, Ota M, et al. S-1 and oxaliplatin 
versus tegafur-uracil and leucovorin as postoperative 
adjuvant chemotherapy in patients with high-risk stage III 
colon cancer (ACTS-CC 02): A randomized, open-label, 
multicenter, phase III superiority trial. Clin Colorectal 
Cancer. 2020; 19:22-31.

19. Kusumoto T, Sunami E, Ota M, et al. Planned safety 
analysis of the ACTS-CC 02 Trial: A randomized phase 
III trial of S-1 with oxaliplatin versus tegafur and uracil 
with leucovorin as adjuvant chemotherapy for high-risk 
stage III colon cancer. Clin Colorectal Cancer. 2018; 
17:e153-e161.

20. Watanabe J, Sasaki S, Kusumoto T, et al. S-1 and 
oxaliplatin versus tegafur-uracil and leucovorin as post-
operative adjuvant chemotherapy in patients with high-risk 
stage III colon cancer: updated 5-year survival of the phase 
III ACTS-CC 02 trial. ESMO Open. 2021; 6:100077.

21. Hamaguchi T, Shimada S, Mizusawa J, et al. Capecitabine 
versus S-1 as adjuvant chemotherapy for patients with 
stage Ill colorectal cancer (JCOG0910): an open-label, 
non-inferiority, randomised, phase 3, multicentre trial. 
Lancet Gastroenterol Hepatol. 2018; 3:47-56.

22. Japanese Classification of Colorectal, Appendiceal, and 
Anal Carcinoma, 3rd English Edition, April 2019. http://
jsccr.jp/kiyaku/files/kiyaku_en_02.pdf (accessed June 10, 
2022).

23. Edge SB, Byrd SR, Compton CC, et al. AJCC Cancer 
Staging Manual. 7th edition Springer-Verlag; New York 
(NY): 2010. pp. 143-164.

24. Nieto FJ, Coresh J. Adjusting survival curves for 
confounders: a review and a new method. Am J Epidemiol. 
1996; 143:1059-1068.

25. Sjoberg DD, Whiting K, Curry M, Lavery JA, Larmarange 
J. Reproducible summary tables with the gtsummary 

package. The R Journal. 2021; 13:570-580.
26. Japanese Society for Cancer of the Colon and Rectum. 

Japanese Society for Cancer of the Colon and Rectum 
(JSCCR) guidelines 2010 for the treatment of colorectal 
cancer. http://www.jsccr.jp/guideline/2010/particular.html 
(accessed June 10, 2022). (in Japanese)

27. Japanese Society for Cancer of the Colon and Rectum. 
Japanese Society for Cancer of the Colon and Rectum 
(JSCCR) guidelines 2009 for the treatment of colorectal 
cancer. http://www.jsccr.jp/guideline/2009/particular.html 
(accessed June 10, 2022). (in Japanese)

28. Kotaka M, Yamanaka T, Yoshino T, et al. Safety data 
from the phase III Japanese ACHIEVE trial: part of an 
international, prospective, planned pooled analysis of six 
phase III trials comparing 3 versus 6 months of oxaliplatin-
based adjuvant chemotherapy for stage III colon cancer. 
ESMO Open. 2018; 3:e000354.

29. Yoshino T, Yamanaka T, Oki E, et al. Efficacy and long-
term peripheral sensory neuropathy of 3 vs 6 months of 
oxaliplatin-based adjuvant chemotherapy for colon cancer: 
The ACHIEVE phase 3 randomized clinical trial. JAMA 
Oncol. 2019; 5:1574-1581.

30. Yoshino T, Oki E, Misumi T, et al. Final analysis 
of 3 versus 6 months of adjuvant oxaliplatin and 
fluoropyrimidine-based therapy in patients with stage III 
colon cancer: The Randomized Phase III ACHIEVE Trial. 
J Clin Oncol. 2022; JCO2102628.

31. Kobayashi H, West NP, Takahashi K, Perrakis A, Weber K, 
Hohenberger W, Quirke P, Sugihara K. Quality of surgery 
for stage III colon cancer: comparison between England, 
Germany, and Japan. Ann Surg Oncol. 2014; 21 Suppl 
3:S398-S404.

32. West NP, Kobayashi H, Takahashi K, Perrakis A, Weber 
K, Hohenberger W, Sugihara K, Quirke P. Understanding 
optimal colonic cancer surgery: comparison of Japanese 
D3 resection and European complete mesocolic excision 
with central vascular ligation. J Clin Oncol. 2012; 30:1763-
1769.

33. Ishiguro M, Watanabe T, Kotake K, Sugihara K. Japanese 
Society for Cancer of the Colon and Rectum Guidelines 
2010 for the treatment of colorectal cancer: comparison 
with Western guidelines. Colorect Cancer. 2013; 2:179-
190.

34. Kotake K, Mizuguchi T, Moritani K, Wada O, Ozawa H, 
Oki I, Sugihara K. Impact of D3 lymph node dissection 
on survival for patients with T3 and T4 colon cancer. Int J 
Colorectal Dis. 2014; 29:847-852.

35. Bilimoria KY, Bentrem JB, Stewart AK, Talamonti 
MS, Winchester DP, Russell TR, Ko CY. Lymph node 
evaluation as a colon cancer quality measure: a national 
hospital report card. J Natl Cancer Inst. 2008; 100:1310-
1317.

----
Received June 22, 2022; Revised August 15, 2022; Accepted 
August 30, 2022.

Released online in J-STAGE as advance publication September 
23, 2022.

*Address correspondence to:
Yasuhide Yamada, Comprehensive Cancer Center, National 
Center for Global Health and Medicine, 1-21-1 Toyama, 
Shinjuku-ku, Tokyo 162-8655 Japan.
E-mail: yayamada@hosp.ncgm.go.jp

(267)

www.globalhealthmedicine.com


