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Abstract 

Background  Early-stage colorectal cancer had excellent outcomes after curative resection, typically. However, a per‑
plexing survival paradox between stage II and stage III was noted. This paradox could be influenced by the admin‑
istration of routine postoperative adjuvant chemotherapy and the presence of high-risk factors in stage II CRC. The 
objective of the study was to investigate the influence of high-risk factors on patients with stage II CRC and assess 
the efficacy of oral tegafur/uracil (UFT) plus leucovorin as adjuvant chemotherapy for stage II CRC patients.

Methods  A retrospective study was conducted using propensity score matching at a single medical institution. 
A total of 1544 patients with stage II colorectal cancer who underwent radical surgery between January 2004 and Jan‑
uary 2009 were included. The intervention used was tegafur/uracil plus leucovorin as adjuvant chemotherapy. The 
main outcome measures were disease-free survival and overall survival.

Results  After propensity score matching, 261 patients were included in three groups: no-treatment, half-year treat‑
ment, and one-year treatment. The clinical characteristics of each group tended to be more consistent. The Cox pro‑
portional hazard models showed that tegafur/uracil treatment or not was a significant independent factor for onco‑
logical outcome. Kaplan–Meier analysis also showed significantly better disease-free survival and overall survival. 
Further investigation revealed that tegafur/uracil duration was an independent factor for oncological outcome. While 
the survival curve did not reach statistical significance, the one-year UFT treatment group demonstrated the best 
treatment trend.

Conclusions  This study suggests that tegafur/uracil plus leucovorin is a feasible adjuvant chemotherapy regimen 
for patients with stage II colorectal cancer after curative surgical treatment. Prolonged tegafur/uracil plus leucovorin 
treatment for 12 months showed a trend towards better outcomes in patients with stage II colorectal cancer.
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Introduction
Colorectal cancer (CRC) is the third most common 
cancer and second most common cause of cancer-
related deaths worldwide. About 1.9 million people 
were newly diagnosed and 915,000 patients died of 
CRC in 2020 [1]. CRC has been the most common 
cancer and the third leading cause of cancer-related 
deaths in Taiwan for the past fifteen years [2]. In order 
to reduce the mortality of CRC, the Health Promotion 
Administration of the Taiwanese government started a 
nationwide screening program using the fecal immu-
nochemical test (FIT) for citizens aged 50 to 75  years 
every two years since 2004 [3]. Under the CRC screen 
program, more and more individuals with early CRC 
were diagnosed [4].

According to the TNM staging classification, CRC that 
can be completely resected with no involvement of adja-
cent organs, lymph nodes, or distant sites is defined as 
early stage CRC (stage 0–III) [5, 6]. Overall, after curative 
resection, the treatment outcomes for early stage CRC 
are excellent [7]. However, analysis of patient data in 
the SEER (Surveillance, Epidemiology, and End Results) 
database showed the survival paradox between localized 
CRC patients (stage II) and regional CRC patients (stage 
III). Patients with node-negative disease and advanced 
colonic wall involvement (T3N0M0, stage IIa; T4aN0M0, 
stage IIb; and T4bN0M0, stage IIc) had worse 5-year sur-
vival than patients with limited nodal positivity and lim-
ited colonic wall involvement (T1-2N1aM0: Stage IIIa) 
[8].

For patients with stage III (node-positive) CRC, post-
operative adjuvant chemotherapy was the accepted 
standard treatment in several practice guidelines either 
in the western or the eastern world [7, 9]. The 5-FU based 
adjuvant chemotherapy can improve the disease-free sur-
vival and overall survival in patients with stage III CRC 
[10]. For patients with stage II (node-negative) CRC, the 
role of postoperative adjuvant chemotherapy was still 
a controversial issue. Several practice guidelines have 
pointed out that perineural invasion, lymphovascular 
invasion, perforation, obstruction, poor differentiation, 
T4 lesion, harvesting less than 12 lymph nodes, positive 
margins, mucinous type, and high pre-operative carci-
noembryonic antigen (CEA) levels are high-risk factors 
in stage II CRC and only suggested postoperative adju-
vant chemotherapy in these high-risk patients with stage 
II CRC [9, 11, 12]. Routine postoperative adjuvant chem-
otherapy or not and high-risk factors were the important 
reasons for the survival paradox between patients with 
stage II and stage III CRC.

Therefore, the objective of the study was to investigate 
the influence of high-risk factors on patients with stage II 
CRC and assess the efficacy of oral tegafur/uracil (UFT) 

plus leucovorin as adjuvant chemotherapy for stage II 
CRC patients.

Materials & methods
We collected data from patients diagnosed with node-
negative CRC who underwent radical surgery between 
January 2004 and January 2009 at the Keelung, Linkou, 
and Kaohsiung branches of the Chang Gung Memorial 
Hospital, Taiwan. Clinical demographic data, labora-
tory test results, operative characteristics, pathological 
features, medication history, and follow-up status were 
obtained from patients’ electronic medical records and 
the Colorectal Section Tumor Registry of Chang Gung 
Memorial Hospital. Clinical demographic data and labo-
ratory test results, including sex, age, carcinoembryonic 
antigen (CEA) level, and albumin level, were recorded. 
Medication history and follow-up status, such as the use 
and duration of adjuvant chemotherapy, disease-free 
survival (DFS), and overall survival (OS) were collected. 
The operative characteristics and pathological features 
were recorded, including tumor location, perforation, 
obstruction, perineural invasion, lymphovascular inva-
sion, histological differentiation, TNM stage, and number 
of harvested lymph nodes. DFS was defined as the inter-
val from initial surgical intervention to the date of first 
recurrence, death, or last follow-up. OS was defined as 
the interval from initial surgical intervention to the date 
of death or last follow-up. All patients were continuously 
followed-up until 2015 or death. The median follow-
up period was 72.2  months. Data collection and analy-
sis were supervised and approved by the Institutional 
Review Board of Chang Gung Memorial Hospital in Tai-
wan (IRB No. 202201583B0).

After surgery, patients with pathology confirmed T1 
or T2 colorectal cancer (stage I) were excluded from 
the study. A total of 1544 stage II cancer patients were 
enrolled in the analysis. Of the enrolled patients, 1218 
underwent surgical intervention and 336 underwent 
surgery intervention and adjuvant chemotherapy treat-
ment. The UFT was chosen as the adjuvant chemother-
apy regimen and administered at 400 mg as tegafur orally 
in two divided doses after meals for 3 weeks, followed by 
1 week rest. The treatment was repeated for half or one 
year depending on patients’ performance and surgeons’ 
experience. Considering selection bias in non-rand-
omized studies and achieving balanced covariates across 
treatment groups, propensity score matching (PSM) 
was performed using a logistic regression model, with 
the use and period of the oral form of adjuvant chemo-
therapy set as dependent variables. Patients in all groups 
were matched according to their clinical and pathologi-
cal characteristics, including perineural invasion, lym-
phovascular invasion, perforation, obstruction, poor 
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differentiation, T4 lesion, harvesting less than 12 lymph 
nodes, and tumor location. A1:1:1 PSM matching was 
performed with the nearest neighbor matching method 
using calipers of width equal to 0.2 in no UFT treatment, 
UFT treatment for half year, and UFT treatment for one 
year. A selection flowchart is shown in Fig. 1.

Statistical analyses were performed using SAS software 
(version 9.4; SAS Institute, Inc.; Cary, NC, USA) and 
the Statistical Package for the Social Sciences version 26 
(IBM Corp., Armonk, NY, USA). Clinical and pathologi-
cal characteristics were compared using the chi-squared 
test for categorical variables. PSM was performed by 
using a logistic regression model. After matching, the 
univariate Cox proportional hazards model was applied 
to evaluate the relationship between clinical character-
istics, DFS, and OS. The statistically significant variables 
identified in the univariate analysis were applied to the 
multivariate Cox proportional hazard model to identify 
the independent variables that might affect DFS and OS. 
Data on the duration of DFS and OS were plotted using 
the Kaplan–Meier method. DFS and OS curves were 
compared using log-rank tests. All statistical differences 
were considered statistically significant at P value < 0.05.

Results
Propensity score matching
We enrolled and analyzed 1544 patients with stage II 
CRC who underwent radical surgical intervention and 
divided them into a no UFT treatment group, half-year 
UFT treatment group, and one-year UFT treatment 
group. Table 1 shows the clinical characteristics of the 
patients before and after matching. The distribution of 
clinical characteristics of patients with stage II CRC in 

each treatment group before the matching was uneven. 
Significant differences in each treatment group were 
observed in age, sex, high-risk (perineural invasion, 
lymphovascular invasion, perforation, poor differen-
tiation, T4 lesion, harvesting < 12 lymph nodes), tumor 
location (rectum), CEA level, and nutritional status 
(albumin level). After propensity score matching, 87 
patients were included in each treatment group. The 
distribution of the clinical characteristics of patients 
with stage II CRC in each treatment group tended 
to be more consistent. Except for older age, harvest-
ing less than 12 lymph nodes and rectal tumors were 
higher in the no UFT treatment group; the distribution 
of the remaining clinical characteristics was similar in 
between treatment groups.

Effect of UFT treatment on patients with stage II CRC​
After matching, under the equal distribution of the clini-
cal characteristics across treatment groups, univariate 
and multivariate Cox proportional hazard models were 
used to explore the factors that affect DFS and OS. We 
found that perineural invasion, tumor location, and 
UFT treatment were significant independent factors for 
DFS (Table  2). Similarly, perineural invasion, perfora-
tion, tumor location, and UFT treatment were significant 
independent factors for OS (Table 2). We also performed 
Kaplan–Meier analysis to determine the DSF and OS 
curves according to the UFT treatment. And the Patients 
with stage II CRC in the UFT treatment group displayed 
significantly better DFS (log-rank test: p < 0.001) and OS 
(log-rank test: p < 0.001) than those in the no UFT treat-
ment group (Fig.  2a and b). The same UFT treatment 

Fig. 1  The flowchart of patient collection and screening in this study



Page 4 of 11Yu et al. BMC Cancer          (2023) 23:900 

efficacy was also obtained when we analyzed colon can-
cer (log-rank test: p < 0.001) and rectal cancer (log-rank 
test: p = 0.015) separately (Supplementary Fig. 1a and b).

UFT treatment duration in patients with stage II CRC​
Further analysis revealed that perforation, UFT half-
year treatment, and UFT one-year treatment were sig-
nificant independent factors for DFS in univariate and 

Table 1  The clinical characteristics of patients with stage II CRC before and after propensity score matching

P value was determined by chi-square test for multiple comparisons

Before PSM After PSM

Clinical characteristics Total No UFT UFT
half year

UFT
one year

P value Total No UFT UFT
half year

UFT
one year

P value

Patient number (%) 1554(100) 1218(78.3) 148(9.5) 188(12.0) 261(100) 87(33.3) 87(33.3) 87(33.3)

Age > 65 968(53.6) 803(66.0) 68(45.9) 97(51.6) < 0.001 140(53.6) 57(65.5) 39(44.8) 44(50.6) 0.018

Male 890(57.3) 687(56.4) 79(53.4) 124(66.0) 0.029 155(59.4) 48(55.2) 50(57.5) 57(65.5) 0.345

Perineural invasion 234(15.1) 165(13.5) 33(22.3) 36(19.1) 0.005 71(27.2) 25(28.7) 24(27.6) 22(25.3) 0.873

Lymphvascular invasion 132(8.5) 73(6.0) 18(12.2) 41(21.8) < 0.001 58(22.2) 21(24.1) 16(18.4) 21(24.1) 0.575

Perforation 58(3.7) 40(3.3) 12(8.1) 6(3.2) 0.013 20(7.7) 6(6.9) 10(11.5) 4(4.6) 0.220

Obstruction 209(13.5) 158(13.0) 19(12.8) 32(17.0) 0.313 46(17.6) 15(17.2) 15(17.2) 16(18.4) 0.974

Poor differentiation 86(5.5) 61(5.0) 18(12.2) 7(3.7) 0.001 14(5.4) 5(5.7) 3(3.4) 6(6.9) 0.590

T4 lesion 553(35.6) 414(34.0) 38(25.7) 101(53.7) < 0.001 89(34.1) 27(31.0) 33(37.9) 29(33.3) 0.620

LN < 12 427(27.5) 335(27.5) 15(10.1) 77(41.0) < 0.001 54(20.7) 27(31.0) 15(17.2) 12(13.8) 0.012

High risk 1040(66.9) 775(63.6) 93(62.8) 172(91.5) < 0.001 209(80.1) 65(74.7) 72(82.8) 72(82.8) 0.308

Right colon 453(29.2) 348(28.6) 53(35.8) 52(27.7) 0.167 72(27.6) 21(24.1) 21(24.1) 30(34.5) 0.211

Rectum 563(36.2) 460(37.8) 39(26.4) 64(34.0) 0.019 110(42.1) 53(60.9) 37(42.5) 20(23.0) < 0.001

CEA > 5(ng/mL) 499(33.5) 384(33.0) 63(43.2) 52(28.7) 0.017 96(37.5) 35(40.2) 36(42.4) 25(29.8) 0.194

Albumin < 3.5(g/dL) 426(28.4) 324(27.8) 35(24.3) 67(35.8) 0.039 72(28.3) 20(24.4) 20(23.5) 32(36.8) 0.098

Table 2  The univariate and multivariate analysis of the prognostic factors for disease-free survival and overall survival according to 
UFT treatment using Cox proportional hazard model

P value was determined by Cox regression for univariate and multivariate analyses

Disease-free survival Overall survival

Variables Univariate Cox Regression Multivariate Cox 
Regression

Univariate Cox Regression Multivariate Cox 
Regression

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age ≥ 65 1.246(0.770–2.016) 0.370 2.157(1.156–4.092) 0.016 1.436(0.739–2.793) 0.286

Sex 0.924(0.571–1.494) 0.746 1.296(0.703–2.389) 0.405

Perineural invasion 2.347(1.452–3.794) < 0.001 2.379(1.432–3.953) 0.001 3.114(1.732–5.597) < 0.001 2.835(1.511–5.317) 0.001

Lymphovascular invasion 1.202(0.694–2.081) 0.512 1.258(.650–2.437) 0.496

Perforation 1.958(0.935–4.102) 0.075 2.219(0.927–5.312) 0.073 3.359(1.554–7.275) 0.002 5.481(2.195–13.68) < 0.001

Obstruction 1.166(0.635–2.139) 0.621 1.162(0.556–2.432) 0.689

Poor differentiation 0.985(0.359–2.706) 0.977 0.768(0.186–3.172) 0.715

T4 lesion 1.327(0.814–2.163) 0.257 0.933(0.498–1.749) 0.830

LN < 12 1.882(1.116–3.174) 0.018 1.290(0.726–2.295) 0.385 2.844(1.555–5.203) 0.001 1.286(0.632–2.618) 0.487

High risk 1.368(0.717–2.613) 0.342 1.679(0.708–3.980) 0.239

CEA > 5(ng/mL) 1.716(1.057–2.785) 0.029 1.472(0.899–2.408) 0.124 1.481(0.811–2.707) 0.201

Albumin < 3.5(g/dL) 1.459(0.879–2.421) 0.144 1.674(0.901–3.110) 0.103

Right vs. Left 1.492(0.834–2.667) 0.177 1.527(0.741–3.149) 0.251

Colon vs. Rectum 1.941(1.199–3.141) 0.007 1.818(1.045–3.364) 0.034 2.291(1.253–4.191) 0.007 2.411(1.212–4.799) 0.012

Radiation treatment 1.310(0.464–3.697) 0.610 0.770(0.182–3.262) 0.723

UFT treatment 0.352(0.218–0.569) < 0.001 0.429(0.252–0.731) 0.003 0.233(0.125–0.434) < 0.001 0.321(0.163–0.630) 0.001
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Fig. 2  a The DFS analysis according to UFT treatment in patients with stage II CRC. b The OS analysis according to UFT treatment in patients 
with stage II CRC​
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multivariate Cox proportional hazard models (Table  3). 
Perineural invasion, perforation, tumor location, UFT 
half-year treatment, and UFT one-year treatment were 
also significant independent factors for OS in patients 
with stage II CRC (Table 3). Although the Kaplan–Meier 
analysis to determine the DSF and OS curves according 
to UFT treatment duration did not reach statistical sig-
nificance (log-rank test of DFS: p = 0.084 and log-rank 
test of OS: p = 0.132), the best treatment trend was still 
observed in the one-year UFT treatment group (Fig.  3a 
and b).

Discussion
This retrospective cohort study included a large sam-
ple size and real-world experiences from our institutes. 
After balancing the multiple high-risk factors that may 
affect oncological prognosis, our results demonstrate that 
patients with stage II CRC who received oral UFT plus 
leucovorin as postoperative adjuvant chemotherapy had 
better DFS and OS. We also noted that a prolonged UFT 
treatment period of 12 months had a trend towards bet-
ter DFS and OS in patients with stage II CRC.

Several global practice guidelines have indicated that 
radical surgical resection is the main curative treat-
ment for locoregional (stage I to III) CRC. Radical resec-
tion involves complete removal of the tumor and the 

associated major lymphovascular pedicles of the affected 
colonic segment [7, 12, 13]. In theory, locoregional (stage 
I to III) CRC can potentially be a candidate for cura-
tive R0 resection. However, cancer recurrence occurs 
through micrometastases that cannot be detected before 
and during surgery. The goal of postoperative adjuvant 
chemotherapy is to eradicate micrometastases, prevent 
recurrence, and improve prognosis after curative R0 
resection. For patients with stage III CRC, postopera-
tive adjuvant chemotherapy is a standard treatment [9]. 
Adjuvant chemotherapy can decrease disease recurrence 
by approximately 30% and the mortality rate in patients 
with stage III CRC [14]. However, the issue of postop-
erative adjuvant chemotherapy for patients with stage II 
CRC has been controversial. There is also no consensus 
regarding which regimen should be used for patients 
with stage II CRC.

In stage II CRC patients, the range of 5-year survival 
rates widely varies from 89.6% to 55.0% in several sub-
stages condition [15]. Many practice guidelines divide 
patients with stage II CRC into high-risk and low-risk 
groups according to different clinical and pathological 
characteristics, including perforation, obstruction, peri-
neural invasion, lymphovascular invasion, poor differen-
tiation, T4 lesions, harvesting less than 12 lymph nodes, 
positive margins, mucinous type, and high preoperative 

Table 3  The univariate and multivariate analysis of the prognostic factors for disease-free survival and overall survival according to 
UFT treatment duration using Cox proportional hazard model

P value was determined by Cox regression for univariate and multivariate analyses

Disease-free survival Overall survival

Variables Univariate Cox Regression Multivariate Cox 
Regression

Univariate Cox Regression Multivariate Cox 
Regression

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age ≥ 65 1.246(0.770–2.016) 0.370 2.157(1.156–4.092) 0.016 1.461(0.751–2.842) 0.264

Sex 0.924(0.571–1.494) 0.746 1.296(0.703–2.389) 0.405

Perineural invasion 2.347(1.452–3.794) < 0.001 2.372(1.426–3.945) 0.001 3.114(1.732–5.597) < 0.001 2.844(1.514–5.342) 0.001

Lymphovascular invasion 1.202(0.694–2.081) 0.512 1.258(.650–2.437) 0.496

Perforation 1.958(0.935–4.102) 0.075 2.083(0.867–5.006) 0.101 3.359(1.554–7.275) 0.002 5.197(2.069–13.05) < 0.001

Obstruction 1.166(0.635–2.139) 0.621 1.162(0.556–2.432) 0.689

Poor differentiation 0.985(0.359–2.706) 0.977 0.768(0.186–3.172) 0.715

T4 lesion 1.327(0.814–2.163) 0.257 0.933(0.498–1.749) 0.830

LN < 12 1.882(1.116–3.174) 0.018 1.284(0.721–2.287) 0.395 2.844(1.555–5.203) 0.001 1.263(0.620–2.575) 0.520

High risk 1.368(0.717–2.613) 0.342 1.679(0.708–3.980) 0.239

CEA > 5(ng/mL) 1.716(1.057–2.785) 0.029 1.441(0.879–2.364) 0.148 1.481(0.811–2.707) 0.201

Albumin < 3.5(g/dL) 1.459(0.879–2.421) 0.144 1.674(0.901–3.110) 0.103

Right vs. Left 1.492(0.834–2.667) 0.177 1.527(0.741–3.149) 0.251

Colon vs. Rectum 1.941(1.199–3.141) 0.007 1.728(0.992–3.010) 0.054 2.291(1.253–4.191) 0.007 2.287(1.145–4.570) 0.019

Radiation treatment 1.310(0.464–3.697) 0.610 0.770(0.182–3.262) 0.723

UFT half year 0.469(0.270–0.816) 0.007 0.516(0.286–0.930) 0.028 0.323(0.157–0.663) 0.002 0.379(0.178–0.810) 0.012

UFT one year 0.246(0.125–0.481) < 0.001 0.318(0.151–0.672) 0.003 0.150(0.058–0.387) < 0.001 0.240(0.088–0.656) 0.005
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Fig. 3  a The DFS analysis according to UFT treatment duration in patients with stage II CRC. b The OS analysis according to UFT treatment duration 
in patients with stage II CRC​
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CEA levels. And postoperative adjuvant chemotherapy 
is recommended for high-risk groups with different 
regimens and durations [9, 11, 12]. However, the defini-
tions of risk factors in these guidelines are still slightly 
different. The National Comprehensive Cancer Network 
(NCCN) guideline regards close, indeterminate, and 
positive resection margins as a special risk factor [9]. 
However, different from other guidelines those of the 
American Society of Clinical Oncology (ASCO) guide-
lines consider mucinous tumors as a risk factor [11]. In 
the European Society for Medical Oncology (ESMO) 
guidelines for localized colon cancer, the T4 lesion 
including perforation is considered the most critical risk 
factor, and high preoperative CEA levels are also seen 
as a special risk factor [12]. The risk factors mentioned 
in all three guidelines are regarded as the consensus of 
risk factors in our institutes, including perineural inva-
sion, lymphovascular invasion, perforation, obstruction, 
poor differentiation, T4 lesion, and harvesting less than 
12 lymph nodes. Our database also revealed that stage II 
CRC patients with high-risk factors had poor prognoses 
for DFS and OS (Fig. 4a and b). In this study, propensity 
score matching enabled even distribution of the above 
clinical characteristics between treatment groups that 
may affect the oncological prognosis. Thereby, we can 
objectively evaluate the effect of UFT plus leucovorin as 
adjuvant chemotherapy in patients with stage II CRC.

Tegafur/uracil (UFT or UFUR) is a prescription medi-
cation released in Japan during the 1980s. It is a 1:4 
molar ratio of tegafur and uracil. Tegafur is a precursor 
of 5‐fluorouracil (5-FU), which can be absorbed by the 
gastrointestinal tract and metabolized to active 5-FU by 
cytochrome P450 enzymes in the liver. Uracil is a com-
petitive inhibitor of dihydropyrimidine dehydrogenase 
(DPD) and can reduce 5‐FU into fluorodihydrouracil 
(FDHU) [16]. And leucovorin can increase thymidylate 
synthase (TS) inhibition, modulate the cellular cytotox-
icity of 5-FU, and potentiate its tumor control [17, 18]. 
UFT has been widely used in Asia and Europe for several 
types of cancer, including breast, [19] lung, [20] gastric, 
[21] and head and neck cancers [22]. In addition, UFT 
has also been used in different stages of CRC as adjuvant 
or palliative treatment [23–26].

A randomized controlled trial by Chu Matsuda et  al. 
did not demonstrate the superiority of 1-year postopera-
tive adjuvant UFT treatment over surgery alone in stage 
II colon cancer [27]. However, according to a publica-
tion from this clinical trial, the recurrence rate was lower 
in the UFT treatment group than in the surgical alone 
group (10.4% vs. 13.4%), and improvement in relapse-free 
survival for the UFT group, although statistically insignif-
icant, was also noted. The adherence rate to 1-year UFT 
treatment was only 60.8% in this study because of adverse 

events and financial factors. According to previous 
treatment experience, the adherence rate to a complete 
planned schedule may affect the benefit of chemotherapy 
in CRC patients [28, 29]. Compared to the JFMC46-1201 
clinical trial in Japan, when the adherence rate to half-
year UFT treatment was 71.8%, significant survival ben-
efits for patients with stage II high-risk colon cancer were 
observed [30]. In our study, we collected a large number 
of real-world data from our institute. After propensity 
score matching, under the 100% adherence rate in each 
treatment arm, that the administration of UFT plus leu-
covorin as adjuvant chemotherapy in patients with stage 
II CRC offered survival benefits.

It remains unclear why long-term postoperative adju-
vant chemotherapy achieves better DFS and OS in 
patients with stage II CRC. Compared to conventional 
chemotherapy, metronomic chemotherapy is another 
treatment concept for the application of anticancer drugs. 
This long-term, low-dose, and no-rest period chemo-
therapy modality was first introduced by Hanahan et al. 
in 2000 [31]. Conventional chemotherapy uses individual 
maximum tolerated doses to achieve cytotoxicity in can-
cer cells. In contrast, metronomic chemotherapy admin-
isters lower maximum doses but more frequently to 
achieve the goal of anti-angiogenesis and immunomod-
ulation to affect the tumor microenvironment [32, 33]. 
Under the effect of anti-angiogenesis and immunomodu-
lation, long-term tumor dormancy would also be induced 
by metronomic chemotherapy [34]. Metronomic chemo-
therapy is often administered in oral form, which is more 
convenient for patients and has lower medical cost than 
conventional intravenous chemotherapy. Because of the 
different mechanisms of anticancer effects, metronomic 
chemotherapy affects endothelial cells and immune cells 
in the tumor microenvironment and does not induce 
severe side effects or drug resistance [35]. Under the con-
cept of metronomic chemotherapy, which is mentioned 
above, the oral form of UFT plus leucovorin as adjuvant 
chemotherapy is a suitable choice for patients with CRC 
[36]. And this may explain the benefit of DFS and OS in 
patients with stage II CRC who received oral UFT plus 
leucovorin after curative radical surgery in our study.

Our study has some limitations. First, it was not a 
prospective randomized control trial, and selection bias 
may have existed in our primary retrospective cohort 
between January 2004 and January 2009. Second, adju-
vant chemotherapy with UFT plus leucovorin and the 
treatment period might depend on the patients’ perfor-
mance and surgeons’ experience. We attempted to reduce 
these biases as much as possible using PSM. Third, 
several molecular reviews for microsatellite instabil-
ity (MSI) testing [37], RAS and BRAF mutations, patho-
logical reports for tumor budding, [9] and desmoplastic 
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Fig. 4  a The DFS analysis of low-risk and high-risk groups of patients with stage II CRC. b The OS analysis of low-risk and high-risk groups of patients 
with stage II CRC​
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reaction, and liquid biopsy with circulating tumor DNA 
detection [38] were not routine requirements in our pri-
mary cohort between January 2004 and January 2009. 
In the future, multiple randomized controlled trials and 
meta-analyses mut be performed to evaluate the effect 
of adjuvant chemotherapy with UFT plus leucovorin in 
patients with stage II CRC.

Conclusion
During the COVID-19 pandemic, several topics in can-
cer care have changed. Minimally visiting hospitals, 
appropriately allocating medical resources, and effective 
cancer treatment are the most important topics of this 
generation. Oral adjuvant chemotherapy is an acceptable 
treatment for stage II CRC patients [39]. Our study dem-
onstrates that UFT plus leucovorin is a feasible adjuvant 
chemotherapy regimen for patients with stage II CRC 
after curative surgical treatment. Because of the meager 
incidence rate of side effects, prolonged UFT plus leuco-
vorin treatment for 12  months showed a trend towards 
better DFS and OS in patients with stage II CRC.
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