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Abstract

The purpose of this study was to estimate the impact of metronomic therapy with oral tega-

fur-uracil (UFUR) following an intravenous FOLFOX regimen as surgical adjuvant chemo-

therapy on the overall survival (OS) and disease-free survival (DFS) of stage III colon

cancer patients. From the retrospective database of patients who underwent a surgical

resection for colorectal cancer at the Tri-Service General Hospital from October 2008

through December 2014, stage III colon carcinomas treated with radical R0 resection were

reviewed. One hundred thirty two patients were treated with a FOLFOX regimen (compari-

son group), and 113 patients were treated with the same regimen followed by additional oral

UFUR (UFUR group). The clinical characteristics and mean age of the comparison and

UFUR groups were similar. Furthermore, for all study patients, DFS was not significantly dif-

ferent between the two groups. However, 5-year OS rates were 86.8% and 68.5% in the

UFUR and comparison groups, respectively (p = 0.0107). Adding UFUR to a FOLFOX regi-

men was found to significantly improve the OS in patients with stage III colon cancer. UFUR

as a maintenance therapy following FOLFOX regimen as an alternative therapeutic option

for the treatment of stage III colon cancer patients.

Introduction

Globally, colon cancer is the third most common cancer in men and the second in women. In

2012, there were an estimated 1.4 million new colorectal cancer cases and 693,900 deaths[1,2];

the highest incidence rates are in Japan, Europe, Oceania, and North America. However, the

mortality rates are decreasing in many countries worldwide, likely due to screening and

improved treatment[3]. According to the 2015 Surveillance, Epidemiology, and End Results

database, the 5-year survival rate of patients with colon cancer is 90.1% for those whose disease

is confined to the primary site at diagnosis. However, it is decreased to 70.8% when the tumor

PLOS ONE | https://doi.org/10.1371/journal.pone.0174280 March 22, 2017 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Huang W-Y, Ho C-L, Lee C-C, Hsiao C-W,

Wu C-C, Jao S-W, et al. (2017) Oral tegafur-uracil

as metronomic therapy following intravenous

FOLFOX for stage III colon cancer. PLoS ONE 12

(3): e0174280. https://doi.org/10.1371/journal.

pone.0174280

Editor: Yves St-Pierre, Institut national de la

recherche scientifique, CANADA

Received: November 5, 2016

Accepted: March 5, 2017

Published: March 22, 2017

Copyright: © 2017 Huang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Ethical restrictions

related to patient confidentiality have been imposed

on these data by Tri-Service General Hospital.

Interested researchers may contact the

corresponding author, Dr. Jia-Hong Chen

(ndmc_tw.tw@yahoo.com.tw) to request the data,

and the authors will provide data after approval of

the ethics review board of the Tri-Service General

Hospital. Contact information of the Institutional

Review Board of Tri-Service General Hospital: Main

secretary: Fan-Wei Chang, MD Phone: 886-2-

https://doi.org/10.1371/journal.pone.0174280
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0174280&domain=pdf&date_stamp=2017-03-22
https://doi.org/10.1371/journal.pone.0174280
https://doi.org/10.1371/journal.pone.0174280
http://creativecommons.org/licenses/by/4.0/
mailto:ndmc_tw.tw@yahoo.com.tw


has spread to the regional lymph nodes. Colon cancers with regional lymph node metastasis

are classified as at least stage III disease in the seventh edition of the American Joint Commit-

tee on Cancer staging system. Their current standard treatment is colectomy with en bloc

resection of regional lymph nodes followed by adjuvant chemotherapy with a FOLFOX or

CapeOx regimen. However, the survival rate of these patients is significantly lower than that of

patients with node-negative disease. Thus, it is necessary to explore novel drug targets and

treatment strategies to improve outcomes. Metronomic chemotherapy, which is continuous

low dose anticancer therapy, is a new, emerging concept in cancer treatment that has resulted

in favorable outcomes in some cancer patients.

Conventional chemotherapy administration is generally based on the concept of the maxi-

mum tolerated dose, which is the dose that maximizes cancer cell death with tolerable injury

to normal cells. However, the majority of patients experience tumor regrowth after a period of

disease regression or stabilization. Metronomic chemotherapy is maintenance therapy with

low doses of cytotoxic drugs that are administered at shorter intervals in consecutive doses

and without interruption in order to exert a sustained cytotoxic or apoptotic effect. The poten-

tial of metronomic chemotherapy was revealed in animal studies two decades ago, and its

safety and efficacy have been investigated in some human cancers, such as cancer of the central

nervous system[4,5], breast[6], lung[7], liver[8,9], colon[10,11], prostate[12,13], kidney[14,15],

and ovary[16,17], among others. For colon cancer, most previous studies focus on metastatic

disease; reports regarding stage III colon cancer are lacking.

Tegafur-uracil (UFUR1; TTY Biopharm Co, Taiwan) is an orally administered fluoropyri-

midine inhibitor of dihydropyrimidine dehydrogenase. It is a fluorouracil (FU) derivative che-

motherapeutic drug composed of tegafur and uracil in a 1:4 molar ratio. Tegafur is an orally

bioavailable prodrug of 5-FU, and uracil reversibly inhibits the primary catabolic enzyme for

5-FU, namely dihydropyrimidine dehydrogenase. Its administration can consistently achieve

an adequate plasma FU concentration with a low toxicity rate. Thus, it could be an effective

choice for metronomic chemotherapy.

In this study, we aim to compare the clinical results of patients with stage III colon cancer

after metronomic chemotherapy with oral tegafur-uracil with those who were not treated with

metronomic chemotherapy.

Materials and methods

This was a retrospective study. From the database of patients who underwent a surgical resec-

tion for colon cancer at the Tri-Service General Hospital from January 2008 through January

2015, newly diagnosed patients with stage III colon carcinoma in whom a radical R0 resection

was performed were reviewed. The database contained detailed information about patient

characteristics, operative findings, histological examination, laboratory findings, and adjuvant

therapies. Cancers of the rectum were excluded because their standard treatment modalities

are different from those used to treat cancer of other locations of the colon. This study was

approved by the ethics review boards of the Tri-Service General Hospital. We verified that

patient records were de-identified and analyzed anonymously. A total of 313 patients were

identified. Of them, 245 patients underwent postoperative adjuvant chemotherapy with a FOL-

FOX regimen. No patient received chemotherapy before surgery.

Because the evidence for using oral UFUR in stage III colon cancer is lacking, physicians

prescribed the drug according to their personal preference. In the UFUR group, UFUR was

administered orally after the completion of a postoperative FOLFOX regimen. The total daily

dose was 400 mg divided into two doses after meals for 7 days a week without interruption.

The duration of UFUR use was not universal. Because the benefit of metronomic use of UFUR

Tegafur-uracil for colon cancer
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was not yet clinically evident, we had no consensus on the duration of UFUR use. Most physi-

cians prescribed UFUR with total 3–12 months. In the comparison group, patients did not

receive anti-cancer treatment after completion of a FOLFOX regimen, except in cases of dis-

ease relapse.

The follow-up survival data were collected retrospectively based on analyses of medical rec-

ords. Cancer was staged using the seventh edition of the American Joint Committee on Cancer

staging system. All patients underwent regular follow-up examinations, including serial serum

carcinoembryonic antigen measurements every 3 months for at least 3 years and 4–6 months

thereafter, and abdominal ultrasonography or computed tomography, chest radiography, and

colonoscopy every 12 months. However, image surveys were conducted immediately for

patients in whom disease progression or relapse were suspected.

Age is presented as the mean, median, and range and standard deviation (SD). Other cate-

gorical data are presented by number and percentage. The duration of the overall survival

(OS) was defined as the time interval between the day of diagnosis and the day of death from

any cause or the last day the patient was known to be alive. The duration of disease-free sur-

vival (DFS) was defined at the time interval between the diagnostic day and the day of locore-

gional recurrence or distant metastasis. The Kaplan-Meier estimates for survival curves were

determined, and the difference between the survival curves was tested using the log-rank test.

All statistical assessments were two-sided and p-values equal to or less than 0.05 were consid-

ered significant. Statistical analyses were performed using SPSS 15.0 statistics software (SPSS

Inc., Chicago, Illinois, USA).

Results

The patient characteristics and distribution of tumor status according to UFUR administration

are listed Table 1. The 245 enrolled patients included 113 in the UFUR group and 132 in the

comparison group. There were 125 men and 123 women, and their distribution in the two

groups was not significantly different (p = 0.798). The mean age was 69.7 years in the UFUR

group and 68.9 in the comparison group (p = 0.651). Their clinical characteristics including

stage (IIIA vs. IIIB vs. IIIC), histological grade, lymphovascular space invasion, and tumor

location were also not significantly different between the two groups.

The median follow-up period was 44.5 months. We compared DFS and OS in patients

treated with UFUR for at least 3 months (UFUR group) with those who never received UFUR

(comparison group). The OS of the UFUR group was significantly better than that of the com-

parison group (5-year OS: 86.8% vs. 68.5%, p = 0.01, Fig 1). There was no statistically signifi-

cant difference in DFS between the two groups (5-year DFS: 69.1% vs. 62.3%, p = 0.21, Fig 2).

In order to examine the impact of the duration of UFUR therapy on outcome, we further

divided the UFUR group into UFUR�5 months and UFUR<5 months subgroups. The

5-year OS rates of the comparison, UFUR <5 months, and UFUR�5 months groups were

68.5%, 69.2%, and 90.3%, respectively (Fig 3). Patients who received UFUR therapy�5

months had a significantly higher survival rate than those who received UFUR therapy <5

months or who received no UFUR (comparison group). (Comparison vs. UFUR�5 months,

p = 0.002; UFUR<5 months vs. UFUR�5 months, p = 0.006). However, there was no differ-

ence between the survival rates of the comparison and UFUR<5 months groups (p = 0.700).

The 5-year DFS rates of the comparison, UFUR<5 months, and UFUR�5 months groups

were 62.3%, 64.3%, and 70.7%, respectively (Fig 4). They were not significantly different in

individual comparisons (comparison vs. UFUR<5 months, p = 0.95; comparison vs. UFUR

�5 months, p = 0.15; and UFUR<5 months vs. UFUR�5 months, p = 0.23).

Tegafur-uracil for colon cancer
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The treatment-related side effects were summarized in Table 2. In general, oral UFUR was

well-tolerated and there were no grade 4 or 5 toxicities. Compared with the comparison group,

the incidence of anorexia was statistically higher in the UFUR group (p = 0.01). There were 7

patients dropped out due to treated-related side effects (1 grade 3 leukopenia, 1 grade 3 throm-

bocytopenia, 2 grade 3 anemia, 2 grade 2 mucositis, 1 grade 2 nausea).

Discussion

In this study, we found that adding oral tegafur-uracil as metronomic chemotherapy for

patients with stage III colon cancer increases OS. Using UFUR for more than 5 months

resulted in a better survival outcome, with a 5-year OS rate of 90.3%.

The UFUR group had higher 5-year DFS, but not reached statistical difference (69.1% vs.

62.3%, p = 0.21). However, the UFUR group had significantly better 5-year OS (86.8% vs.

68.5%, p = 0.01). One possible explanation is the distinct inhibitory effect of metronomic

UFUR therapy on tumor metastasis. Thus, the patients with metronomic UFUR might have

lower disease burden when cancer relapse. This is compatible with the finding reported Shaked

et al.[18] They found oral daily metronomic chemotherapy, using cyclophosphamide and

UFT, had high anti-metastatic effect. They also found that low dose metronomic chemother-

apy, compared with maximum tolerated dose, had better therapeutic advantage on advanced

metastatic disease.

Table 1. Patient characteristics.

Comparison (n = 132) UFER (n = 113)

n % n % p-value

Stage 0.311

IIIA 8 6.06 11 9.73

IIIB 91 68.94 68 60.18

IIIC 33 25 34 30.09

Gender 0.798

female 64 48.48 57 50.44

male 68 51.52 56 49.56

Grade 0.559

1 5 3.79 3 2.65

2 109 82.58 97 85.84

3 18 13.64 12 10.62

LVSI 0.897

- 76 57.58 66 58.93

+ 56 42.42 46 41.07

Location 0.396

Ascending 44 33.33 26 23.01

Transverse 28 21.21 19 16.81

Descending 15 11.36 17 15.04

Sigmoid 32 24.24 42 37.17

Rectum 13 9.85 9 7.96

Age 0.651

mean, sd 68.90 13.47 69.70 14.04

Median(range) 68 35–103 71 39–94

Abbreviations: LVSI = lymphvascular space invasion; sd = standard deviation.

https://doi.org/10.1371/journal.pone.0174280.t001
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The attractiveness of a continuous administration of low-dose chemotherapy might lie in

its anti-angiogenic effects. Some in vitro studies showed that the endothelial cells of newly

forming capillaries were highly sensitive to low dose continuous chemotherapy. Some

Fig 1. Overall survival of the UFUR group vs. the comparison group. 5-year OS: 86.8% vs. 68.5%,

p = 0.01. UFUR: tegafur-uracil.

https://doi.org/10.1371/journal.pone.0174280.g001

Fig 2. Disease-free survival of the UFUR group vs. the comparison group. 5-year DFS: 69.1% vs.

62.3%, p = 0.21. UFUR: tegafur-uracil.

https://doi.org/10.1371/journal.pone.0174280.g002
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metronomic chemotherapy could induce sustained suppression of circulating endothelial pro-

genitor cells and increase the levels of the endogenous angiogenesis inhibitor thrombospondin

1, both of which could suppress neovascularization.[19] Also, several studies showed the

Fig 3. Overall survival (OS) of the comparison, UFUR <5 months, and UFUR�5 months groups. The

5-year OS rates of the comparison, UFUR <5 months, and UFUR�5 months groups were 68.5%, 69.2%, and

90.3%, respectively. UFUR: tegafur-uracil.

https://doi.org/10.1371/journal.pone.0174280.g003

Fig 4. Disease-free survival (DFS) of the comparison, UFUR <5 months, and UFUR�5 months groups.

The 5-year DFS rates of the comparison, UFUR <5 months, and UFUR�5 months groups were 62.3%,

64.3%, and 70.7%, respectively. UFUR: tegafur-uracil.

https://doi.org/10.1371/journal.pone.0174280.g004
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antiproliferative, migration-inhibitory and cytotoxic effects of very low concentrations of che-

motherapeutic drugs on various cell types, including fibroblasts, lymphocytes, tumour cells,

epithelial cells from various tissues, and microvascular or macrovascular endothelial cells.

Potential underlying mechanisms were also proposed, such as restoration of anticancer

immune response and induction of cancer dormancy.[20]

Although maximum tolerated chemotherapy kills most cancer cells, it may promote the

growth of residual tumor cells through stromal reaction and interaction of tumor microen-

viroment. This may lead to cancer local relapse and distant metastasis. A recent study con-

ducted by Chan et al showed that resistance to treatment is caused by expansion of stem-like

tumor-initiating cells. The maximum tolerated chemotherapy enhanced STAT-1 and NF-κB

activity in carcinoma-associated fibroblasts, leading to secretion of ELR motif–positive (ELR+)

chemokines, which signal through CXCR-2 on carcinoma cells to trigger them to converse to

tumor-initiating cells. Also, they promoted their ability of invasiveness. However, low dose

continue chemotherapy could prevent stromal ELR+ chemokine paracrine signaling. This was

an interesting finding and probably another therapeutic mechanism of metronomic chemo-

therapy.[21]

The Dutch Colorectal Cancer Group (DCCG) investigated the benefit of maintenance treat-

ments in patients with metastatic colorectal cancer (CAIRO3 phase 3 randomized controlled

trial). Patients were randomly assigned to either maintenance group (continuous low-dose

Table 2. Adverse effects of UFUR group vs comparison group.

UFUR group Comparison group

No. of Patients (%) No. of Patients (%) p-value

Leukopenia

Any 21 (18.6) 17(12.9) NS

Grade 3 1(0.8) 0(0) NS

Neutropenia

Any 19(16.8) 14(10.6) NS

Grade 3 0(0) 0(0) NS

Thrombocytopenia

Any 22(19.5) 18(13.6) NS

Grade 3 1 (0.8) 1(0.8) NS

Anemia

Any 29 (35.4) 36(27.3) NS

Grade 3 13(11.5) 10(7.6) NS

Anorexia

Any 30 (26.5) 14(10.6) 0.01

Grade 3 0(0) 0(0) NS

Diarrhea

Any 15(13.2) 10(7.6) NS

Grade 3 0 (0) 0(0) NS

Mucositis

Any 17 (15.0) 14(10.6) NS

Grade 3 0(0) 0(0) NS

Nausea/vomiting

Any 20(17.6) 12(9.1) NS

Grade 3 0(0) 0(0) NS

There is no grade 4 or 5 toxicity.

https://doi.org/10.1371/journal.pone.0174280.t002
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capecitabine with combination of bevacizumab) or observation group after six 3-weekly cycles

of capecitabine, oxaliplatin, and bevacizumab (CAPOX-B) with stable disease or better. The

primary endpoint of median progression-free survival was significantly improved in patients

on maintenance treatment (11.7 vs. 8.5 months; HR = 0.67, 95% CI 0�56–0�81, p<0�0001).

Although patients with maintenance treatment experiences higher grade 3–4 adverse events,

the global quality of life did not deteriorate during maintenance treatment and was clinically

not different between treatment groups. [22]

In Japan, oral tegafur-uracil/leucovorin is widely used as a standard adjuvant chemotherapy

regimen for colon cancer. Its efficacy and safety has been investigated in definitive treatment

or palliative care. Phase II studies of advanced or metastatic colon cancer treated with oral

tegafur-uracil/leucovorin achieved adequate disease control rates and acceptable tolerability.

[23–25] In phase III studies, oral tegafur-uracil/leucovorin provided a safer, more convenient

alternative to a standard bolus, such as 5-FU/LV for advanced or metastatic colon cancer,

resulting in similar survival outcomes.[26,27]

Hone et al. conducted a retrospective study to evaluate the impact on outcome of adding

oral tegafur-uracil after intravenous 5-FU/leucovorin as adjuvant chemotherapy for stage II

and III colon cancer. They found that there is no significant difference in DFS for patients

with stage II disease. On the contrary, for stage III patients, 3-year DFS rates were 80.0% and

60.7% in the 5-FU+ tegafur-uracil and 5-FU only groups, respectively (hazard ratio = 0.32;

p = 0.01; 95% confidence interval = 0.13–0.76). However, some limitations existed. Nowadays,

5-FU/leucovorin is not the standard regimen for stage III colon cancer. FOLFOX is superior

to 5-FU/leucovorin.[28,29] Moreover, the number of patients is relatively small, with 101 in

the 5-FU+ tegafur-uracil group and 47 in the 5-FU only group. For stage III patients, there

were only 45 in the 5-FU+ tegafur-uracil group and 21 in the 5-FU only group. In our study,

we focused on patients with stage III disease, and they were treated with adjuvant chemother-

apy with a FOLFOX regimen, which is the current standard treatment.

The optimal duration of tegafur-uracil use is unclear. The present study showed that

patients who underwent UFUR therapy for�5 months had a significantly higher survival rate

than those who received UFUR for<5 months or who received no UFUR. In a phase III ran-

domized trial conducted in Japan (JFMC33-0502), they compared treatment results of stage

IIB/III colon cancer patients after adjuvant chemotherapy with UFT/LV for 6 months or 18

months.[30] The DFS and OS rates were very similar between the two groups. The 5-year DFS

rate was 68.8% in the 6 months group and 68.9% in the 18 months group. The 5-year OS was

84.9% in the 6 months group and 84.5 in the 18 months group. They suggested that a treat-

ment duration of 6 months is sufficient for stage IIB/III colon cancer.

There were some limitations inherent to the present study. First, this was a retrospective

study at a single institute. The evidence-base and statistical methods used in such retrospective

studies are inferior to those from prospectively randomized trials. Thus, the prognostic impact

of the metronomic use of UFUR on patients with stage III colon cancer needs to be confirmed

by large, prospective studies. Second, we did not report the side effects because it was likely

that some of the toxicities could not be captured from a review of the patient charts. Nonethe-

less, previous studies showed that toxicity associated with oral UFUR is relatively uncommon

and mild.[7,21]

Conclusion

In conclusion, adding UFUR to a FOLFOX regimen was found to significantly improve OS in

patients with stage III colon cancer. Using UFUR for more than 5 months resulted in better

survival outcomes than use for less than 5 months. The authors carefully suggest that UFUR as
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a maintenance therapy following FOLFOX regimen could be another option for the treatment

of stage III colon cancer patients. However, the establishment of UFUR for routine use in stage

III colon cancer awaits further prospective large-scale studies.
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