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Abstract. A number of patients exhibit peritoneal dissemina-
tion of gastric or colorectal cancer, which is a predominant 
cause of cancer‑associated mortality. Currently, there is no 
markedly effective treatment available. The present study 
was designed to determine the efficacy of trifluridine/tipiracil 
(TFTD), formerly known as TAS‑102, which is used for the 
treatment of patients with unresectable advanced or recur-
rent colorectal cancer refractory to standard therapies. Four 
colorectal cancer cell lines and one gastric cancer cell line 
were intraperitoneally inoculated into nude mice, as models of 
peritoneal dissemination. TFTD (200 mg/kg/day) was orally 
administered for 5 consecutive days followed by 2 drug‑free 
days for 6 weeks. The increase in the lifespan (ILS) of the 
TFTD‑treated mice compared with that of the drug‑free 
control mice was 66.7, 43.3, 106.3, 98.3 and 133.3% for 
DLD‑1, DLD‑1/5‑fluorouracil [5‑fluorouracil (5FU)‑resistant 
subline of DLD‑1], HT‑29 and HCT116 colorectal cancer cell 
lines, and MKN45 gastric cancer cell line, respectively. This 
ILS was similar to that of the irinotecan‑treated mice (ILS, 
70‑84%), but was significantly (P<0.05) increased compared 
with that of the 5FU‑, tegafur, gimeracil and potassium 
oxonate‑ and cisplatin‑treated mice (ILS, 1‑53%, 0.8‑60% and 
85%, respectively). No significant increase in body weight loss 
was observed during the dosing periods with any of the drugs 
used. The increase in CEA levels with progressive peritoneal 
dissemination was inhibited by TFTD treatment. TFTD also 

exhibited marked anticancer effects against Kirsten rat sarcoma 
viral oncogene homolog‑mutated tumors and 5FU‑resistant 
tumors. The results of the present study indicate that TFTD 
may be a potential drug against peritoneal dissemination of 
colorectal and/or gastric cancer in humans and may be utilized 
for chemo‑naïve tumors and recurrent tumors following 5FU 
treatment.

Introduction

The most critical and ultimately life‑threatening characteristic 
of malignant cancers is the ability to metastasize to other 
organs (1). Between 4 and 7% of patients with colon cancer 
present with peritoneal carcinomatosis at the time of diag-
nosis, despite advances in early detection of the disease (2). 
Systemic chemotherapeutic agents, including 5‑fluorouracil 
(5FU), 5FU derivatives, irinotecan (CPT‑11) and oxaliplatin, 
as well as targeted agents including bevacizumab, cetuximab, 
panitumumab and regorafenib are currently used for the 
treatment of unresectable metastatic colorectal cancer, and 
the survival time of patients with unresectable metastatic 
colorectal cancer has been improved (3,4). However, as almost 
all patients involved in these studies are patients with liver 
or lung metastases, the effects of these agents on peritoneal 
dissemination remain unclear (5,6). In Phase III trials (7,8), 
systemic chemotherapy, including the 5FU‑based combination 
therapy folinic acid‑5‑FU‑oxaliplatin, was not identified to be 
effective against peritoneal dissemination and failed to signifi-
cantly improve survival (9). Peritoneal metastasis of gastric 
cancer also leads to poor clinical outcomes, particularly with 
serosal exposure and undifferentiated histology (10). For unre-
sectable or recurrent gastric cancer, only a limited number of 
Phase II studies have examined the efficacy of these regimens 
for peritoneal metastasis (11,12). In spite of recent advances 
in systemic chemotherapy, peritoneal dissemination due to 
colorectal or gastric cancer remains a dismal disease with a 
markedly low survival rate in patients.

Trifluridine/tipiracil (TFTD), formerly known as TAS‑102, 
is an antitumor therapy (13,14). It comprises a mixture of two 
distinct chemicals, trifluridine and tipiracil (TPI), at a molar 
ratio of 1:0.5. Trifluridine, an analog of thymidine, exerts 
its antitumor activity through two mechanisms. It inhibits 
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thymidylate synthase (15) and is incorporated into DNA (16). 
TPI enhances the bioavailability of trifluridine by inhibiting 
its in vivo degradation by thymidine phosphorylase. TPI is 
therefore beneficial by producing a more durable and sustain-
able response to trifluridine (17).

The antitumor effects of TFTD on colon cancer xenograft 
in models refractory to 5FU are hypothesized to primarily 
involve trifluridine incorporation into DNA  (18). At the 
twice‑daily oral dosing, the clinically used administration 
schedule, the primary TFTD cytotoxic mechanism is also 
hypothesized to be mediated by DNA incorporation of triflu-
ridine (19). TFTD significantly improved the overall survival 
(OS) period [median OS, 7.1 months; 95% confidence interval 
(CI), 6.5‑7.8 months vs. median OS, 5.3 months; 95% CI, 
4.6‑6 months for placebo) and progression‑free survival (PFS) 
in patients with metastatic colorectal cancer refractory to 
standard chemotherapies as demonstrated by an international 
multi‑center randomized double‑blind Phase III study (20). 
The same study also demonstrated that TFTD exhibits a favor-
able safety profile. These results led to the regulatory approval 
of the drug in the USA and, recently, in Europe. With regard to 
gastric cancer, a multicenter Phase II study demonstrated that 
TFTD exhibited a positive efficacy and an acceptable toxicity 
profile in patients with advanced gastric cancer following 
progression on one or two prior systemic chemotherapies (21). 
A randomized double‑blind Phase III study evaluating TFTD 
plus best supportive care (BSC) compared with placebo plus 
BSC in patients with metastatic gastric cancer refractory to 
standard treatments is currently ongoing (22).

In the present study, the effects of TFTD on the survival 
times of mice inoculated with colorectal or gastric cancer cells 
into the peritoneal cavity were evaluated in comparison with 
other drugs. The present study may provide useful information 
to improve and/or expand options for the treatment of human 
colorectal and gastric cancers.

Materials and methods

Reagents. TFTD, and tegafur, gimeracil and potassium oxonate 
(S‑1) were obtained from Taiho Pharmaceutical Co., Ltd. 
(Tokyo, Japan). CPT‑11 was purchased from Yakult Honsha 
Co., Ltd. (Tokyo, Japan). 5FU was purchased from Kyowa 
Hakko Kirin Co., Ltd. (Tokyo, Japan). Cisplatin (CDDP) was 
purchased from Nippon Kayaku Co., Ltd. (Tokyo, Japan). 
Hydroxypropyl methylcellulose (HPMC) was obtained from 
Shin‑Etsu Chemical Co., Ltd. (Tokyo, Japan).

Cancer cell lines. The human colon cancer cell line HT‑29 
was purchased from the American Type Culture Collection 
(Manassas, VA, USA). Human colorectal carcinoma DLD‑1 
cells and HCT116 cells were purchased from Dainippon 
Sumimoto Pharma Co., Ltd. (Osaka, Japan). The 5FU‑resistant 
cell line DLD‑1/5FU was established using long‑term culture 
in the presence of 5FU in vitro (23). The human gastric cancer 
cell line MKN45 was purchased from RIKEN BioResource 
Center Cell Bank (Tsukuba, Japan) (24).

The cell lines were cultured in RPMI‑1640 medium 
(HT‑29, DLD‑1, DLD‑1/5FU and MKN45) or Dulbecco's 
modified Eagle's medium (HCT116) supplemented with 10% 
fetal bovine serum (FBS) at 37˚C in a humidified atmosphere 

containing 5% CO2. Culture media and FBS were obtained 
from Sigma‑Aldrich; Merck KGaA (Darmstadt, Germany). 
The Kirsten rat sarcoma viral oncogene homolog (KRAS) 
mutation status of HT‑29 and MKN45 was wild‑type, whereas 
DLD‑1 and HCT116 are KRAS mutants. The v‑Raf murine 
sarcoma viral oncogene homolog B (BRAF) mutation status of 
DLD‑1, HCT116 and MKN45 was wild‑type, whereas HT‑29 
is a BRAF mutant. The p53 mutation status of DLD‑1, HT‑29 
and MKN45 was wild‑type, whereas HCT116 is a p53 mutant.

Animals. Five‑week‑old male nude mice (BALB/c nu/nu; body 
weight range, 26‑31 g, ~50 mice in each experiment) were 
purchased from CLEA Japan, Inc. (Tokyo, Japan) and housed 
under specific pathogen‑free conditions. Food and water 
were provided ad libitum. Testing rooms were maintained on 
a 12 h light/dark cycle (lights on at 06:00 a.m., lights out at 
06:00 p.m.) at a temperature of 23±3˚C. All animal studies 
were performed according to the guidelines and with the 
approval of the Institutional Animal Care and Use Committee 
of Taiho Pharmaceutical Co., Ltd.

In vivo antitumor activity. Four colorectal cancer cell and one 
gastric cancer cell suspensions were prepared from in vitro 
cell culture. Each group consisted of 10 animals, into the 
peritoneal cavity of which were injected 2x107 cells for the 
DLD‑1, DLD‑1/5FU and HT‑29 colorectal cancer cell lines, 
and MKN45 gastric cancer cell line, or 5x106 cells for the 
HCT116 colorectal cancer cell line. The drug treatment began 
3 or 4 days later and was considered as day 1. For the control 
group, vehicle (0.5% HPMC solution, 10 ml/kg) was orally 
administered once daily for 5 consecutive days followed by 
2 drug‑free days for 6 weeks.

TFTD (200 mg/kg/day) was orally administered twice 
daily for 5 consecutive days followed by 2 drug‑free days for 
6 weeks (18) and S‑1 (10 mg/kg/day) was orally administered 
once daily for 5 consecutive days followed by 2 drug‑free days 
for 6 weeks (25). 5FU (12 mg/kg) was injected three times a 
week every 3 weeks for the 6‑week period (days 3, 4, 5, 25, 26 
and 27) (26). CPT‑11 (100 mg/kg) was injected intravenously 
once‑weekly into the tail vein of mice during the 6‑week period 
for evaluating the effect on the colorectal cancer cell lines (27). 
CDDP (7  mg/kg) was injected intravenously once every 
3 weeks into the tail vein of mice (days 3 and 31) for evaluating 
the effect on the gastric cancer MKN45 cell line (28).

The median increase in lifespan (ILS) was calculated 
as a survival index according to the following formula: 
ILS (%)=[(median survival time of treated group)/(median 
survival time of control group)‑1]x100.

Measurement of carcinoembryonic antigen (CEA) levels in peri-
toneal dissemination. On days 10, 20, 30, 40 and 50, the mice 
were sacrificed by cervical dislocation, and 0.5 ml saline was 
injected into the peritoneal cavity. After 5 min, 0.1 ml peritoneal 
fluid was recovered by abdominal puncture with a 21 G needle. 
Following centrifugation at 2,300 x g for 5 min, CEA levels were 
measured in the supernatant of each sample using a CEA ELISA 
kit (DRG Instruments GmbH, Marburg, Germany).

Statistical analysis. The difference in the survival period 
distribution among groups was analyzed using the log‑rank 
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test. All statistical analyses were performed using EXSUS 
(version 8.1; CAC Exicare Corp., Osaka, Japan). P<0.01 was 
considered to indicate a statistically significant difference.

Results

Establishment of human colorectal and gastric tumor intra-
peritoneal xenograft models. Mice inoculated with DLD‑1, 
HT‑29, HCT116 and MKN45 cell suspensions were sacrificed 
for macroscopic examination to determine the distribution of 
the intraperitoneal dissemination at 50, 40, 30 and 30 days, 
respectively. Bloody ascites were observed in the mice from 
the control group following intraperitoneal inoculation 
with DLD‑1 and HT‑29 cells, but were almost undetectable 

following intraperitoneal inoculation with HCT116 and 
MKN45 cells (Fig. 1A). Numerous metastatic nodules were 
detected in the mesentery of all mice (Fig. 1B).

Antitumor activity of TFTD in the human colorectal intra-
peritoneal xenograft model. Fig.  2A  and  B presents the 
survival curve and body weight of nude mice intraperitoneally 
inoculated with DLD‑1 cells, respectively. Untreated control 
mice succumbed to peritoneal dissemination after ~7 weeks 
with bloody ascites. The mice treated with 5FU, S‑1, CPT‑11 
and TFTD exhibited a significantly longer survival time 
compared with untreated mice (P<0.01; Fig. 2A and Table I). 
No significant difference in mean body weight of mice treated 
with these drugs compared with that of untreated mice was 

Figure 1. Evaluation of human colorectal and gastric tumor intraperitoneal xenograft models. DLD‑1, HT‑29 and MKN45 cells (2x107 cells/mouse), and 
HCT116 cells (5x106 cells/mouse) were injected intraperitoneally to generate peritoneal dissemination. (A) General appearance of the mice following intraperi-
toneal inoculation of DLD‑1, HT‑29, HCT116 and MKN45 cells at 50, 40, 30 and 30 days, respectively. Carcinomatous peritonitis with an increased amount 
of bloody ascites for DLD‑1 and HT‑29 cells or with a limited amount of bloody ascites for HCT116 and MKN45 cells was observed. (B) Intra‑abdominal 
appearance of the mice following intraperitoneal inoculation of DLD‑1, HT‑29, HCT116 and MKN45 cells at 50, 40, 30 and 30 days, respectively. Arrowheads 
indicate disseminated tumors throughout the murine peritoneal cavity.

Figure 2. Effect of TFTD (A) on the survival intraperitoneally transplanted with human colorectal cancer DLD‑1 cells and on the (B) body weight of DLD‑1 
tumor‑bearing nude mice. Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice daily for 5 consecutive days followed by 2 drug‑free days for 
6 weeks), (◊) S‑1 (10 mg/kg/day, orally once daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks), (∆) 5FU (12 mg/kg, intravenous injection 
three times a week every 3 weeks for 6 weeks) and (■) CPT‑11 (100 mg/kg, intravenously once‑weekly during 6 weeks). Body weight was measured twice 
weekly. Results are presented as means (n=10). TFTD, trifluridine/tipiracil; S‑1, tegafur, gimeracil and potassium oxonate; 5FU, 5‑fluorouracil; CPT‑11, 
irinotecan.
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identified (Fig. 2B). The results presented in Table I indicate 
that, in the DLD‑1 model, the mice treated with TFTD or 
CPT‑11 exhibited the most improved survival. The median 
ILS of mice treated with TFTD and CPT‑11 was 85 days and 
87 days, respectively. The mice treated with TFTD and CPT‑11 
exhibited significantly increased survival times compared with 
the mice treated with 5FU or S‑1 (P<0.01; Table I).

In the DLD‑1/5FU intraperitoneal xenograft model, no 
significant antitumor effect of 5FU or S‑1 was identified 
compared with the untreated control group (Fig.  3A and 
Table  I). TFTD exhibited a significant antitumor activity 
compared with that of the untreated control group (P<0.01), but 
the effect of TFTD was weaker compared with that of CPT‑11 
in the DLD‑1/5FU model (Table I). No significant body weight 
loss of drug treated groups was identified compared with those 
in the untreated control group (Fig. 3B).

In contrast, TFTD exhibited a significant antitumor effect 
when compared with CPT‑11 in the HT‑29 intraperitoneal 
xenograft model (P<0.01; Fig. 4A and Table I). TFTD also 
exhibited a significant antitumor effect when compared with 
the 5FU and S‑1 groups in the HT‑29 xenograft model (P<0.01; 
Table I). In HT‑29 cells, no significant body weight loss in the 

drug treated groups was identified compared with those in the 
untreated control group (Fig. 4B).

TFTD, S‑1 and CPT‑11 significantly increased the survival 
in the HCT116 xenograft model (P<0.01; Fig. 5 and Table I). 
TFTD and CPT‑11 exhibited significant antitumor activities 
compared with S‑1 in the HCT116 xenograft model (P<0.01; 
Table  I). In the HCT116 intraperitoneal xenograft models, 
no significant body weight loss of drug treated groups were 
identified compared with those in the untreated control group 
(Fig. 5B).

Antitumor activity of TFTD in the human gastric MKN45 
intraperitoneal xenograft model. Fig. 6A and B present the 
survival curve and body weight of nude mice inoculated with 
the human gastric MKN45 cells, respectively. Untreated control 
mice succumbed to peritoneal dissemination after ~4 weeks. 
TFTD exhibited a significant antitumor effect compared with 
S‑1, 5FU and CDDP in the MKN45 intraperitoneal xenograft 
model (P<0.01; Table II). The body weight in the control group 
gradually decreased during the dosing period. No significant 
difference in weight loss of the drug‑treated mice (TFTD, S‑1 
and CDDP) was identified compared with that of the control 

Figure 3. Effect of TFTD (A) on the survival of mice intraperitoneally transplanted with human colorectal cancer DLD‑1/5FU cells and (B) on the body weight 
of DLD‑1/5FU tumor‑bearing nude mice. Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice daily for 5 consecutive days followed by 
2 drug‑free days for 6 weeks), (◊) S‑1 (10 mg/kg/day, orally once daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks), (∆) 5FU (12 mg/kg, 
intravenous injection three times a week every three weeks for 6 weeks) and (■) CPT‑11 (100 mg/kg, intravenously once weekly for 6 weeks). Body weight was 
measured twice weekly. Results are presented as means (n=10). TFTD, trifluridine/tipiracil; S‑1, tegafur, gimeracil and potassium oxonate; 5FU, 5‑fluorouracil; 
CPT‑11, irinotecan. 

Table I. Antitumor activity of TFTD in the human colorectal intraperitoneal xenograft model.

			   Survival day, median (ILS, %)
			  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell line	 Control	 TFTD	 S‑1	 5FU	 CPT‑11

DLD‑1	 51 (‑)	 85a-c (67)	 68a (32)	 65a (26)	 87a-c (70)
DLD‑1/5FU	 64 (‑)	 91a-c (43)	 64 (0.80)	 65 (1)	 109a-c,e (70)
HT‑29	 40 (‑)	 83a-d (106)	 64a,c (60)	 58a (44)	 69a,c (73)
HCT116	 29 (‑)	 58a,b (98)	 34a (17)	 n.d.	 54a (84)

ILS, increase in lifespan (%)=[(median survival time of treated group)/(median survival time of control group)‑1]x100. n.d., not determined. 
aP<0.01 vs. control; bP<0.01 vs. S‑1 group; cP<0.01 vs. 5FU group; dP<0.01 vs. CPT‑11 group; eP<0.01 vs. TFTD group. TFTD, trifluridine/tipi-
racil; 5FU, 5‑fluorouracil; S‑1, tegafur, gimeracil and potassium oxonate; CPT‑11, irinotecan.
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Figure 4. Effect of TFTD (A) on the survival of mice intraperitoneally transplanted with human colorectal cancer HT‑29 cells and (B) on body weight in HT‑29 
tumor‑bearing nude mice. Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice daily for 5 consecutive days followed by 2 drug‑free days for 
6 weeks), (◊) S‑1 (10 mg/kg/day, orally once daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks), (∆) 5FU (12 mg/kg, intravenous injection 
three times a week every 3 weeks for 6 weeks) and (■) CPT‑11 (100 mg/kg, intravenously once weekly for 6 weeks). Body weight was measured twice weekly. 
Results are presented as means (n=10). TFTD, trifluridine/tipiracil; 5FU, 5‑fluorouracil; S‑1, tegafur, gimeracil and potassium oxonate; CPT‑11, irinotecan.

Figure 5. Effect of TFTD (A) on the survival of mice intraperitoneally transplanted with human colorectal cancer HCT116 cells and (B) on the body weight of 
HCT116 tumor‑bearing nude mice. Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice daily for 5 consecutive days followed by 2 drug‑free 
days for 6 weeks), (◊) S‑1 (10 mg/kg/day, orally once daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks), (∆) 5FU (12 mg/kg, intravenous 
injection three times a week every 3 weeks for 6 weeks) and (■) CPT‑11 (100 mg/kg, intravenously once weekly for 6 weeks). Body weight was measured 
twice weekly. Results are presented as means (n=10). TFTD, trifluridine/tipiracil; S‑1, tegafur, gimeracil and potassium oxonate; 5FU, 5‑fluorouracil; CPT‑11, 
irinotecan.

Figure 6. Effect of TFTD (A) on the survival of mice intraperitoneally transplanted with human gastric cancer MKN45 cells and (B) on the body weight of 
MKN45 tumor‑bearing nude mice. Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice daily for 5 consecutive days followed by 2 drug‑free 
days for 6 weeks), (◊) S‑1 (10 mg/kg/day, orally once daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks), (∆) 5FU (12 mg/kg, intravenous 
injection three times a week every three weeks for 6 weeks) and (■) CDDP (7 mg/kg, intravenously once every three weeks for 6 weeks). Body weight was 
measured twice weekly. Results are presented as means (n=10). TFTD, trifluridine/tipiracil; S‑1, tegafur, gimeracil and potassium oxonate; 5FU, 5‑fluorouracil; 
CDDP, cisplatin. 
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mice (Fig. 6B). No drug‑related toxicity was detected during 
the present study.

Peritoneal fluid CEA levels in mice treated with TFTD and 
5FU in the human gastric MKN45 intraperitoneal xenograft 
model. On day 10 following intraperitoneal inoculation of 
MKN45 tumor cells, the mean CEA level in the peritoneal 
fluid of untreated control mice was 4,061 ng/ml. The CEA 
level in control mice increased to 12,234 ng/ml on day 30 
(Fig. 7). The CEA level in mice treated with 5FU increased 
from 2,855 ng/ml (70.3% of control) on day 10 to 4,210 ng/ml 
(52.8% of control) on day 20, 8,665 ng/ml (70.8% of control) 
on day 30 and 10,658 ng/ml on day 40. In contrast, the CEA 
level in mice treated with TFTD was 1,547 ng/ml (38.1% of 
control) on day 10, 1,795 ng/ml (22.5% of control) on day 20, 
and 3,284 ng/ml (26.8% of control) on day 30. Almost all mice 
succumbed to peritoneal dissemination when the CEA level in 
the peritoneal fluid was >10,000 ng/ml.

Discussion

In the present study, a reliable and feasible nude mouse survival 
model of peritoneal dissemination of colorectal and gastric 
cancers was developed. Using these models, it was determined 
that i) TFTD treatment significantly prolonged survival in 
nude mice bearing intraperitoneal human colorectal tumors 
and human gastric tumors, and ii)  the antitumor effects of 
TFTD were similar to those of CPT‑11 and were significantly 
increased compared with those of 5FU, S‑1 and CDDP without 
body weight loss.

5FU and its derivatives are uracil‑based nucleic acid 
analogs that inhibit thymidylate synthase, which is a key 
enzyme in DNA synthesis, and are incorporated into nucleic 
acids, causing RNA damage. Unlike 5FU and its deriva-
tives, the primary cytotoxic mechanism of trifluridine with 
twice‑daily oral dosing is hypothesized to be DNA incorpo-
ration, causing DNA dysfunction (19). TFTD has a unique 
mechanism of action and is used for the treatment of patients 
with unresectable advanced or recurrent colorectal cancer that 
is refractory to standard therapies. In preclinical studies, when 
5FU‑resistant human tumors are transplanted subcutaneously 
into the dorsal region of each animal, TFTD exhibited a 
significant antitumor effect compared with that of 5FU and 
its derivatives (18). The mechanism of tumor cell resistance 
to 5FU of DLD‑1/5FU is hypothesized to involve decreased 
incorporation of 5FU into RNA. The effect of TFTD on 

the DLD‑1/5FU intraperitoneal xenograft is consistent with 
previous results (18).

In the present study, four colorectal cancer cell lines and 
one gastric cancer cell line were used. HT‑29 and MKN45 are 
KRAS wild‑type, whereas DLD‑1 and HCT116 carry a KRAS 
mutation. In the present study, TFTD exhibited similar anti-
cancer activities on these colorectal or gastric cancer cell lines 
regardless of the KRAS status (Tables I and II). Consistent 
with these results, TFTD has been shown to improve overall 
survival in a clinical setting regardless of the KRAS status 
of tumors (20). Furthermore, the BRAF mutation status of 
DLD‑1, HCT116 and MKN45 is wild‑type and that of HT‑29 
is mutant. The p53 mutation status of DLD‑1, HT‑29 and 
MKN45 is wild‑type and that of HCT116 is mutant. In the 
present study, TFTD also exhibited similar anticancer activi-
ties regardless of the BRAF or p53 status on these cancer cell 
lines. Therefore, TFTD may be beneficial to patients with 
mutated and wild‑type KRAS tumors, and to patients with 
mutated and wild‑type BRAF or p53 tumors.

In the present study, the effects of TFTD were identified to 
be significantly increased compared with those of 5FU and S‑1 
in nude mice bearing intraperitoneal human colorectal tumors 

Table II. Antitumor activity of TFTD in the human gastric MKN45 intraperitoneal xenograft model.

	 Survival day, median (ILS, %)
		 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell line	 Control	 TFTD	 S‑1	 5FU	 CDDP

MKN45	 30 (‑)	 70a-c (133)	 43a (42)	 46a (53)	 56a (85)

ILS, increase in lifespan (%)=[(median survival time of treated group)/(median survival time of control group)‑1]x100. n.d., not determined. 
aP<0.01 vs. control; bP<0.01 vs. S‑1 group; cP<0.01 vs. CDDP group. TFTD, trifluridine/tipiracil; S‑1, tegafur, gimeracil and potassium oxonate; 
5FU, 5‑fluorouracil; CDDP, cisplatin.

Figure 7. Mean intraperitoneal CEA level of control, TFTD‑ and 5FU‑treated 
mice intraperitoneally transplanted with human gastric cancer MKN45 cells. 
Mice were treated with (○) vehicle, (●) TFTD (200 mg/kg, orally twice 
daily for 5 consecutive days followed by 2 drug‑free days for 6 weeks) and 
(∆) 5FU (12 mg/kg, intravenous injection three times a week every three 
weeks for 6 weeks). Results are presented as the means ± standard deviation 
(n=6). CEA, carcinoembryonic antigen; TFTD, trifluridine/tipiracil; 5FU, 
5‑fluorouracil.
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and human gastric tumors. These data are consistent with results 
obtained using KM20C colon cancer cells (29). Trifluridine is 
incorporated in place of thymidine bases in DNA (30). DNA 
glycosylases involved in the excision of uracil and 5‑FU from 
DNA include uracil N‑glycosylase (UNG), single‑strand‑selec-
tive monofunctional uracil‑DNA glycosylase 1 (SMUG1), 
thymine DNA glycosylase (TDG), and methyl‑CpG‑binding 
domain 4 (MBD4) (31). Trifluridine inserted at T‑sites (paired 
to A) is not excised by UNG, SMUG1, TDG or MBD4 (30). 
The incorporated trifluridine into DNA is sustained in the 
DNA for a marked period, and its incorporation into DNA 
induces instability of the DNA (32). This persistent antitumor 
activity is likely to account for the ability of TFTD to prolong 
the survival of mice intraperitoneally transplanted with human 
tumor cells. The preclinical data of the present study may be 
useful to predict the potential clinical benefits of an anticancer 
agent.

The CEA levels of 5FU‑treated mice between 10 and 
30 days ranged between 50 and 70%, whereas that of the 
TFTD‑treated mice ranged between 20 and 40%. On early 
days following intraperitoneal inoculation of MKN45 tumor 
cells, the increase in CEA levels was inhibited by TFTD. 
These TFTD inhibitory effects may be related to the effects 
of TFTD on the survival of mice transplanted with tumor cells 
when compared with those of other drugs. In clinical settings, 
TFTD may inhibit tumor relapse following surgery at an early 
stage of colorectal or gastric cancer in patients.

Certain anticancer agents failed to show any benefits in 
clinical trials in spite of being highly effective in a mouse 
xenograft model  (33‑35). The majority of clinical studies 
enroll advanced and late‑stage patients. Conversely, almost all 
mouse studies do not measure therapeutic effects on advanced 
metastatic disease (33). The experimental model of the present 
study mimicked clinical studies. However, the effects of TFTD 
were only evaluated at a single dose (200 mg/kg) by using a 
single schedule (twice daily for 5 consecutive days followed 
by 2 drug‑free days for 6 weeks) in the present study. Further 
investigation of the optimal dosing schedule for TFTD is 
required to predict the clinical response to TFTD.

Finally, in the present study, TFTD exhibited superior anti-
tumor efficacy to that of the fluoropyrimidines and CDDP in a 
peritoneal dissemination mouse model using human colorectal 
and gastric cancer cells. The activity was also confirmed by 
measuring CEA levels in MKN45 tumors. A clinical random-
ized double‑blind Phase III study evaluating TAS‑102 plus BSC 
compared with placebo plus BSC in patients with metastatic 
gastric cancer refractory to standard treatments is currently 
ongoing (22), and its outcome is expected to be informative.
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