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dose-dependently. TFT inhibited colony formation of bone 
marrow cells in a concentration-dependent manner.
Conclusions A significant relationship between systemic 
exposure of TFT and pharmacological effects including 
the antitumor activity and body weight change was well 
explained by the TFT incorporation into DNA. TFT inhibited 
proliferations of mouse bone marrow cells and human colo-
rectal carcinoma cells implanted to nude mice dose-depend-
ently. The highest tolerable TFT exposure provides the high-
est antitumor activity, and the hematological toxicity may 
serve as a potential surrogate indicator of TAS-102 efficacy.
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Abbreviations
AZT  Zidovudine
TFT  Trifluridine
Cmax  Maximum plasma concentration
AUC  Area under plasma concentration–time curve
AUC0–t  AUC from time 0 to the time (t) of the last 

quantifiable concentration
AUC0–12h  AUC from time 0 to the last time point (12 h)
TPI  Tipiracil hydrochloride
BW  Body weight
LLOQ  Lower limit of quantification
LC/MS/MS  Liquid chromatography–tandem mass 

spectrometry
FTY  Trifluorothymine
HPMC  Hydroxypropyl methylcellulose
PK  Pharmacokinetics
PD  Pharmacodynamics
TV  Tumor volume
RTV  Relative tumor volume
TGI  Tumor growth inhibition rate

Abstract 
Purpose Trifluridine (TFT) is an antitumor component of 
a novel nucleoside antitumor agent, TAS-102, which con-
sists of TFT and tipiracil hydrochloride (thymidine phos-
phorylase inhibitor). Incorporation of TFT into DNA is a 
probable mechanism of antitumor activity and hematologi-
cal toxicity. The objective of this study was to examine the 
TFT incorporation into tumor- and white blood cell-DNA, 
and to elucidate the mechanism of TFT-related effect and 
toxicity. TFT effect on the colony formation of mouse bone 
marrow cells was also investigated.
Methods Pharmacokinetics of TFT was determined in 
nude mice after single oral administration of TAS-102, 
while the antitumor activity and body weight change were 
evaluated in the tumor-bearing nude mice after multiple 
oral administrations for 2 weeks. TFT concentrations in the 
blood- and tumor-DNA were determined by LC/MS/MS. 
The colony formation was evaluated by CFU-GM assay.
Results TFT systemic exposure in plasma increased dose-
dependently. The tumor growth rate and body weight gain 
decreased dose-dependently, but TFT concentrations in 
the DNA of tumor tissues and white blood cells increased 
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Introduction

TAS-102 is a novel oral nucleoside antitumor agent con-
sisting of trifluridine (TFT) and tipiracil hydrochloride 
(TPI) at a molar ratio of 1:0.5 and has been approved in 
Japan for the treatment of patients who have a treatment 
history of two or more regimens of standard therapy for 
colorectal adenocarcinoma and are refractory or intolerant 
to fluoropyrimidine, irinotecan, and oxaliplatin. Yoshino 
et al. [17] demonstrate that TAS-102 significantly improved 
the overall survival in the TAS-102 treatment (9.0 months) 
group, which is compared with placebo (6.6 months) group 
in their phase 2 study. The study also confirms a manage-
able safety profile of TAS-102 in the patients, and its major 
adverse events were hematological toxicity such as neu-
tropenia, leucopenia, and anemia. The recommended dose 
was determined based on the results of a phase 1 study [4], 
in which TAS-102 was orally administered at doses ranging 
from 15 to 35 mg/m2 twice a day in a 28-day cycle con-
sisting of 2 consecutive 1-week cycles (5 days of treatment 
followed by a 2-day rest period) and subsequent 14-day 
rest period. Tumor shrinkage was not a useful indicator for 
the efficacy of TAS-102 in the phase 2 study, because only 
one out of 112 patients showed a partial response and other 
48 patients showed no change in disease conditions. Neu-
tropenia was one of the most common toxicities of TAS-
102, and the percentage of decrease in neutrophil count 
was significantly correlated with the exposure of TFT in 
patients. The antitumor activity of TAS-102 and neutrope-
nia due to TAS-102 are attributable to the same pharmaco-
logical mechanism, that is, TFT incorporation to DNA in 
tumors and bone marrow cells. Several studies report that 
chemotherapy-induced neutropenia was significantly corre-
lated with the survival in advanced non-small cell lung can-
cer, advanced gastric carcinoma, and metastatic colorectal 
cancer [3, 12, 16]; the results indicate that TAS-102-in-
duced neutropenia is likely to be correlated with the effi-
cacy in colorectal cancer patients, but there remains some 
uncertainty.

When TFT, which is a thymidine analogue and an anti-
tumor component of TAS-102, was intravenously adminis-
tered to humans at 27 mg/kg, it was quickly metabolized by 
thymidine phosphorylase to form trifluorothymine (FTY) 
[2], followed by rapid elimination with a serum half-life of 
18 min in the terminal phase. Since TPI is a potent inhibitor 
against thymidine phosphorylase, TFT is combined with 
TPI, in order to enhance metabolic stability and bioavail-
ability of TFT. As expected, plasma TFT concentrations 
were markedly increased by the co-administration of TPI in 
monkeys [8], and the combination allows for the exposure 
of TFT to achieve an effective level in patients.

Once TFT is taken into tumor cells, it rapidly phos-
phorylated and TFT monophosphate thus formed inhibits 

thymidylate synthase (TS), which is a rate-limiting enzyme 
of DNA synthesis; the inhibition of TS is known as an 
important mechanism for the antitumor activity of nucle-
oside antitumor agents such as 5-fluorouracil (5-FU) 
and fluorodeoxyuridine (FdUrd). In addition to the ordi-
nary mechanism (TS inhibition) for the antitumor activ-
ity among nucleoside antitumor agents, the sequentially 
formed TFT triphosphate is known to be incorporated into 
DNA in tumor cells, which is likely to be a more impor-
tant mechanism for the antitumor activity of TFT, because 
TFT was effective against 5-FU- and FdUrd-resistant can-
cer cell lines, which abundantly express TS [6], and the 
TFT-dependent inhibition to TS rapidly declined after 
washout of TFT from the medium in vitro unlike FdUrd 
[14]. The incorporation of TFT into DNA was consistently 
much higher than those of 5-FU and FdUrd into DNA in 
NUGC-3 cells [13, 14], and there was no detectable exci-
sion of TFT from DNA by uracil DNA glycosylase, thy-
mine DNA glycosylase, or methyl-CpG binding domain 
4, where TFT was pairing to adenine [13]. As a result, it 
has been hypothesized that the amount of TFT incorpo-
rated into DNA was related to both improvement in OS and 
dose-limiting hematological toxicity (e.g., neutropenia) of 
TAS-102.

Hematological toxicity has been assessed by using in 
vitro models in investigative hematopathology and preclini-
cal safety studies. These models are also useful for deter-
mining the relative sensitivities of various animal species to 
hematotoxic effects and for studying the synergistic/antag-
onistic effects of several compounds [5]. The most fre-
quently observed hematotoxicity is the acute effect of com-
pounds on bone marrow progenitors including granulocyte 
macrophages (CFU-GM), erythroid (CFU-E), and megac-
aryocytes (CFU-MK). For several compounds, in vitro/in 
vivo correlations have been found between the severity of 
neutropenia and the inhibition of CFU-GM [7, 11].

In this study, we firstly examined the correlation 
between the systemic exposure of TFT and the concentra-
tion of TFT incorporated into the DNA of tumor in a nude 
mouse bearing human colon cancer xenograft. Secondly, 
we examined the relationship between the concentrations 
of TFT incorporated into the DNA in tumors and those of 
white blood cells. Finally, the inhibition of colony forma-
tion of mouse bone marrow cells by TFT was evaluated by 
a CFU-GM assay.

Materials and methods

Materials

Human colon cancer cell line, KM20C, was kindly pro-
vided by the National Cancer Center (Tokyo, Japan). 
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Hydroxypropyl methylcellulose (HPMC) was purchased 
from Shin-Etsu Chemical Co., Ltd. (Tokyo Japan). TFT 
and TPI were synthesized by Yuki Gosei Kogyo Co., 
Ltd. (Tokyo, Japan) and Junsei Chemical (Tokyo, Japan), 
respectively. FTY was purchased from Tokyo Chemical 
Industry Co., Ltd. (Tokyo, Japan). TFT and FTY labeled 
with stable isotope (13C, 15N2-TFT and 13C, 15N2-FTY, 
respectively) were synthesized by Daiichi Pure Chemi-
cals Co., Ltd. (currently Sekisui Medical Co., Ltd., Tokyo, 
Japan). 13C, 15N2-TPI was synthesized by Taiho Pharma-
ceutical Co., Ltd. (Tokyo, Japan).

Animals

Five- and eight-week-old male nude mice (BALB/cA Jcl-
nu/nu) were purchased from CLEA Japan Inc. (Tokyo, 
Japan). They were maintained in accordance with the ani-
mal experimental regulations of Taiho Pharmaceutical Co., 
Ltd. The mice were allowed free access to a commercial 
diet (CLEA Japan, Inc.) and water (filtered and chlorin-
ated) and acclimated to a 12-h light/12-h dark cycle in a 
barrier facility.

Cell culture and nude mouse bearing human colon 
cancer xenograft

KM20C was maintained by serial transplantation in the 
dorsum of nude mice. About 2-mm3 cubic fragments were 
implanted subcutaneously into the axilla of nude mice. 
When the tumor volume was estimated to reach 100–
150 mm3, the mice were assigned into the control and treat-
ment groups based on the tumor volume.

Administration and sampling

TAS-102 dosing solution was prepared by dissolving TFT 
and TPI at the molar ration of 1:0.5 in 0.5 % aqueous solu-
tion of hydroxypropyl methylcellulose (HPMC). The dose 
of TAS-102 was expressed on the amount of TFT. The 
TAS-102 dosing solution was administrated orally to the 
mice. For the evaluation of pharmacokinetics (PK), the 
TAS-102 dosing solution was administered to the mice 
at 15.5, 62.5, and 150 mg/kg in one dose. Blood was col-
lected from the mice before and at 10, 20, 30, 60, 120, 
240, 480, and 1440 min after the administration. Mouse 
plasma was separated by centrifugation (13,000 rpm, 4 °C, 
2 min) and stored at −80 °C until the analysis. Three mice 
were assigned to each time point. For the evaluation of 
antitumor activity, nude mice bearing human colon can-
cer xenografts (KM20C) in the treatment groups were 
administered the TAS-102 dosing solution at 37.5, 75, and 
150 mg/kg once a day for 2 weeks, while the control group 
had no administration. The first day and the last day were 

defined as Day 1 and Day 14, respectively. Each group 
consisted of 6 mice. The tumor volume (TV) and relative 
tumor volume (RTV) were calculated by the following 
equations: TV = (width)2 × (length)/2 and RTV = (TV 
during treatment)/(TV at the start of treatment). The tumor 
growth inhibition rate (TGI) was calculated by the follow-
ing equation: TGI (%) = [1 − (mean RTV of the treat-
ment group)/(mean RTV of the control group)]. The body 
weight (BW) changes were monitored and used as a surro-
gate measure of side effects and calculated by the follow-
ing equation: BW changes (%) = [(BW during the treat-
ment) − (BW at the start of the treatment)] × 100/(BW 
at the start of the treatment). Blood and tumor were col-
lected on Day 15 for the evaluation of TFT concentrations 
incorporated into the DNA of white blood cells and tumors 
and stored at −80 °C until analysis. For the mouse bone 
marrow CFU-GM assay, femurs were isolated from mice 
and the muscle and other connective tissues were removed. 
The bone medullary cavity was accessed by removing the 
epiphysis of the femur located at the end of the bones. A 
blunt syringe needle (23G) was inserted into the medullary 
cavity, and the cavity was flushed with 2.5 mL of sterile 
Iscove’s modified Dulbeco’s medium (Gibco, Invitrogen, 
Carlsbad, CA) with 2 % fetal bovine serum (FBS) (Gibco, 
Invitrogen, Carlsbad, CA) until the color of bone shaft 
became pale. The cell suspension was filtrated with 40-μm 
cell strainer (BD Falcon, Franklin Lakes, NJ) followed by 
keeping on ice.

DNA extraction from white blood cell and tumor

DNAs in the blood and tumor were extracted by Nucle-
oSpin Blood L kit (Macherey–Nagel GmbH & Co. KG, 
Düren, Germany) and by DNA Isolation Kit for Cells and 
Tissues (Roche Diagnostics GmbH, Mannheim, Germany) 
without partitioning tumors, respectively. The DNA con-
centrations were determined based on the absorbance at 
260 nm.

Extraction of TFT from DNA of white blood cells 
and tumor tissues

TFT was extracted from digested DNA by the following 
method reported previously [14]. Briefly, in the method, 
the DNA was diluted in the reaction buffer consisting of 
100 mM Tris–HCl (pH 7.0), 50 mM NaCl, 2.5 mM CaCl2, 
10 mM MgCl2, 1 U DNase I, 40 μg phosphodiesterase I, 
and 2 U alkaline phosphatase. The reaction solution was 
incubated at 37 °C for 2 h. The reaction solution was mixed 
with a one-tenth quantity of the reaction solution of 4.2 N 
perchloric acid, cooled in the ice for 5 min, and centri-
fuged (15,000 rpm, 4 °C, 3 min). After the centrifugation, 
the supernatant was mixed with threefold amount of 4.2 N 
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perchloric acid of 1 M K2HPO4. The solution was cooled in 
the ice for 5 min followed by centrifugation (15,000 rpm, 
4 °C, 3 min) again. The resultant supernatant was separated 
and stored at −80 °C until the analysis.

Determination of TFT, FTY, and TPI concentrations 
in mouse plasma

The plasma was mixed with 13C,15N2-TFT and 13C,15N2-
FTY, and 1 M hydrochloric acid, to determine TFT and 
FTY concentrations in mouse plasma. After the sample was 
mixed with methyl tert-butyl ether, the resultant organic 
layer was separated and dried under a nitrogen stream. The 
residue was dissolved with the mobile phase [0.1 % acetic 
acid–methanol (75:25, v/v)] and analyzed by the LC/MS/
MS system (API4000, Sciex Division of MDS, Toronto, 
Ontario, Canada) with a reverse phase column (CAPCELL 
PAK C18 MGIIV; 2.0 mm I.D. × 150 mm, 5 μm, Shiseido 
Co., Ltd, Tokyo, Japan). The quantitative concentrations 
ranged from 5 (lower limits of quantification, LLOQ) to 
5000 ng/mL for both TFT and FTY in plasma.

For the purpose of determining the TPI concentration in 
the mouse plasma, the plasma was mixed with 13C,15N2-
TPI and 0.1 M hydrochloric acid. The sample was applied 
to Bond ELUT PRS (Agilent Technologies, Palo Alto, CA), 
activated sequentially with methanol and 0.1 M hydrochlo-
ric acid in advance, and the analytes were eluted with 2 % 
ammonia water/methanol (2:98, v/v). After the eluate was 
dried under a nitrogen stream, the residue was dissolved 
with the mobile phase (10 mM ammonium acetate–metha-
nol [90:10, v/v]) and analyzed by API4000 with a reverse 
phase column (CAPCELL PAK C18 UG120; 2.0 mm 
I.D. × 150 mm, 5 μm, Shiseido Co., Ltd., Tokyo, Japan). 
The mobile phase used in the analysis was 10 mM ammo-
nium acetate/methanol (90:10, v/v). The quantitative con-
centrations ranged from 1 (LLOQ) to 200 ng/mL in plasma. 
The flow rate of the mobile phase for both analyses was set 
at 0.2 mL/min in the isocratic mode.

Determination of TFT concentration in digested 
solution of DNA

For the purpose of determining the TFT concentration in 
the digested solution of DNA, the solution was mixed with 
13C,15N2-TFT and 1 M hydrochloric acid, and the sample 
was processed in the same way as described for the plasma. 
The quantitative concentrations for the digested solution 
ranged from 0.1 (LLOQ) to 100 ng/mL. TFT concentra-
tion in DNA was calculated by the following equation: 
TFT concentration in DNA (pmol/μg DNA) = [TFT con-
centration in the digested solution (ng/ml)] × 1000/[DNA 
concentration in the digested solution (mg/L) × molecular 
weight of TFT].

Bone marrow CFU‑GM assay

Mouse bone marrow cells freshly isolated were mixed with 
IMDM (Gibco, Invitrogen, Carlsbad, CA) with 2 % FBS to 
make the concentration at 8 or 16 × 106 cells/mL. The cell 
suspension (0.4 mL) was combined with 3 mL of methyl-
cellulose-based media (MethoCult M3001, StemCell Tech-
nologies, Vancouver, BC) containing 1 % methyl cellulose, 
30 % FBS, 1 % BSA, 2 mM l-glutamine, and 10 ng/mL 
GM-CSF with or without TFT, FTY, or AZT, and the mix-
ture was incubated at 37 °C for about 2 weeks. CFU-GM 
colonies were counted with an inverted microscope.

PK and statistical analysis

PK parameters were calculated by using non-compartmen-
tal model in WinNonlin (version 5.2, Pharsight, Mountain 
View, CA). The plasma concentration below LLOQ was 
regarded as 0. The AUC values were calculated by the trap-
ezoidal method. Significance tests for the antitumor activity 
and BW change between the control and treatment groups 
were performed by using the Dunnett’s test in SAS (version 
8.02, SAS Institute Inc., Cary, NC). The relationship was 
analyzed by JMP (version 8.0.1, SAS Institute Inc., Cary, 
NC). The IC50 value for TFT and 95 % confidence inter-
val in CFU-GM assay were estimated by nonlinear logis-
tic regression (JMP, version 8.0.1, SAS Institute Inc., Cary, 
NC).

Results

PK of TFT, FTY, and TPI in nude mice after a single 
oral administration of TAS‑102

PK of TFT, FTY, and TPI were evaluated in the nude mice 
after single oral administrations of TAS-102 at 15.5, 62.5, 
and 150 mg/kg. The PK parameters (Cmax, AUC0–t, and 
AUC0–24h) generally linearly increased in a dose-dependent 
manner for TFT, TPI (Fig. 1), and FTY (data not shown). 
TFT was only detectable at 24 h after all the administra-
tions, and the concentrations were close to LLOQ (5 ng/ml).

Antitumor activity and BW change in nude mice 
bearing human colon cancer xenografts during multiple 
administrations of TAS‑102

TAS-102 was repeatedly administered to nude mice bear-
ing human colon cancer xenograft (KM20C) once a day for 
2 weeks at oral dose of 37.5, 75, and 150 mg/kg, in order 
to examine the dose–response relationships with antitumor 
activity and BW change (Fig. 2). Significant antitumor 
activity was observed dose-dependently in all of the groups. 
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The values of BW in the treatment groups also decreased 
dose-dependently, but the average BW of the mice in the 
37.5-mg/kg treatment group was not significantly different 
from that in the control group.

Relationships between doses of TAS‑102 and TFT 
concentrations in DNA of white blood cells or tumor 
tissues

TFT incorporated into DNA was extracted as described in 
Materials and Methods by using DNase I, phosphodies-
terase I, and alkaline phosphatase originating from white 
blood cells and tumors in the nude mice bearing the xeno-
grafts collected on Day 15 after the multiple oral admin-
istrations of TAS-102 for 14 days. Almost all the TFT 
were estimated to disappear from the blood on Day 15 
based on the results of PK. The amount of extracted DNA 
per gram of tumors was comparable among the control 
and the treatment groups: 5.315 mg in the control group; 
5.113 mg in the 37.5-mg/kg treatment group; 4.727 mg in 
the 75-mg/kg treatment group; and 4.591 mg in the 150-
mg/kg treatment group. The concentrations of TFT incor-
porated into the DNA of tumors (pmol/μg DNA) increased 
with the increase of dose (Fig. 3a). TFT concentrations 
in DNA of white blood cells similarly increased in an 

apparently dose-proportional manner (Fig. 3b). The TFT 
concentrations in DNA of both tumors and white blood 
cells correlated with TFT AUC0–24h represented in Fig. 1 
(Fig.3c and d, respectively). In addition, there was a statis-
tically significant relationship between the TFT concentra-
tions incorporated into the DNA of tumors and white blood 
cells (Fig. 4). 

Inhibition of TFT against proliferation of mouse bone 
marrow progenitor cells

Mouse bone marrow progenitor cells were collected from 
the femurs and cultured with TFT, FTY, or AZT (positive 
control inhibitor) for 2 weeks. The number of CFU-GM 
colonies was counted and compared between the con-
trol and the treatment groups (Table 1). Percent of control 
of colony formation was 62.2 ± 8.7 % (Mean ± SEM, 
n = 3) in the presence of 10 μM TFT, while no colony was 
observed in the conditions at 30 and 100 μM TFT. There 
was little effect of FTY on the colony formation under the 
condition which AZT significantly inhibited the colony for-
mation in a concentration-dependent manner. The value of 
IC50 for the TFT-mediated inhibition of colony formation 
was 9.87 ± 0.59 μM (Estimate ± SEM) in the assay with 
TFT ranging from 0.01 to 300 μM (Fig. 5).
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Discussion

Based on the time-courses of antitumor activity and body 
weight change during multiple oral administrations of 
TAS-102 at various doses to nude mice bearing KM20C 
tumors, the present study demonstrates that both anti-
tumor activity and toxicity of TAS-102 were found to 
closely correlate with the dose and TFT exposure (Cmax, 
AUC0–t, and AUC0–24h) in plasma. In addition, there were 
good correlations between the whole TFT concentrations 
in DNA of tumors (or white blood cells) and plasma, and 
between the concentrations of TFT incorporated into the 
DNA of tumors and white blood cells. The IC50 value for 
the TFT-mediated inhibition of colony formation of mouse 
bone marrow cells was 9.87 μM, which was similar to the 
IC50 values for the growth inhibition of human colorectal 
carcinoma cell lines (H630, 15.8 μM: WiDr, 29.8 μM: 
Colo320, 15.0 μM) [15]. These results suggest that the 
exposure-dependent TFT incorporation into DNA was 
similar between tumors and bone marrow cells, and there-
fore, the systemic exposure of TFT and/or hematological 
toxicity of TAS-102 can serve as a surrogate indicator of 
the antitumor activity for TAS-102.

A significant relationship was observed between the 
dose (or TFT exposure in plasma) and the concentrations of 
TFT incorporated into the DNA of both blood and tumors. 
The TFT concentrations in DNA of tumors were higher 
than those of white blood cells (Fig. 3); the average TFT 
concentrations were 13.5 and 2.2 pmol/μg DNA of tumors 

and white blood cells, respectively, in the group dosed at 
150 mg/kg. Granulocytes are the most probable candidate 
providing TFT-incorporating DNA in white blood cells, 
which circulate with blood with relatively short turnover 
time (<3 days, [1]) after they incorporate TFT into their 
DNA during the proliferation in the bone marrow. The pop-
ulation of the cells containing TFT in their DNA would be 
actually minor because granulocytes rarely incorporate TFT 
in the blood. On the other hand, the tumor cells implanted 
in mice are similarly capable to constantly incorporate and 
accumulate TFT into their DNA directly from circulating 
TFT during the proliferation, although the amount of TFT 
in the DNA would be different among cells. Therefore, it 
is likely that the concentration of TFT in DNA is higher in 
tumors than that in white blood cells (Fig. 3).

The concentrations of TFT incorporated into the DNA of 
tumors were measured after the administration of TAS-102 
containing radio-labeled TFT at 150 mg/kg for 2 weeks to 
mice bearing several tumors including KM20C tumor in a 
previous study [14]. The concentrations of TFT incorpo-
rated into the DNA of human colon cancer (KM20C) in 
this study were similar to those (10.4–25.7 pmol/μg DNA) 
reported in the previous study; this indicates that the results 
obtained from the present analytical method with LC/MS/
MS are consistent with those quantified by using radio-
labeled TFT and that the present analytical method is use-
ful as an alternative method of the previous one because no 
radio-labeled TFT and facility for the use of it are needed 
to measure TFT concentration in DNA.
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Systemic exposures (Cmax and AUC) of TFT and TPI 
after single oral administrations of TAS-102 at 15.5, 62.5, 
and 150 mg/kg to the nude mice increased linearly with the 
increase in dose (Fig. 1). The results demonstrate that the 
combination of TPI with TFT at a molar ratio of 0.5:1.0 
will maximize the systemic exposure of TFT and ensure 
the dose-dependent increase in the TFT exposure by fully 
inhibiting thymidine phosphorylase activity toward TFT 
during the first pass metabolism. Little accumulations of 
TFT and TPI were observed during multiple (once a day) 
oral administrations of TAS-102 at all dose levels, because 
the concentrations of TFT in the samples collected at 24 h 
were close to the LLOQ, which were 1000-fold lower 
than TFT Cmax (data not shown). Therefore, the systemic 
exposure of each component of TAS-102 at steady state is 

calculable from that obtained after a single oral administra-
tion of TAS-102.

The safety, activity, and PK of TAS-102 were evaluated 
with different dosing regimens in phase 1 studies. Systemic 
TFT exposure in plasma increased dose-dependently, and 
the hematological toxicity, neutropenia, or granulocytope-
nia were observed as a dose-limiting toxicity in all of the 
studies [4, 9, 10]. In those studies, the extent of hematolog-
ical toxicity indicated a negative correlation with the TFT 
exposure [4, 10], suggesting that the concentrations of TFT 
incorporated into the DNA of neutrophils would increase, 
accompanied by the increases in the TFT exposure, which 
resulted in a negative correlation between the TFT expo-
sure and the neutrophil count. Actually, only one dose (the 
highest tolerable dose) was applied as the recommended 

0

5

10

15

20

0 50 100 150 200

TF
T 

co
nc

en
tra

tio
n 

in
 D

N
A 

   
  

(p
m

ol
/µ

g 
D

N
A

)

Dose (mg/kg)

0

1

2

3

0 50 100 150 200

TF
T 

co
nc

en
tra

tio
n 

in
 D

N
A 

   
  

(p
m

ol
/µ

g 
D

N
A

)

Dose (mg/kg)

0

5

10

15

20

TF
T 

co
nc

en
tra

tio
n 

in
 D

N
A 

   
  

(p
m

ol
/µ

g 
D

N
A

)

AUC0-24hr (ng·hr/mL)

0

1

2

3

4

TF
T 

co
nc

en
tra

tio
n 

in
 D

N
A 

   
  

(p
m

ol
/µ

g 
D

N
A

)

AUC0-24hr (ng·hr/mL)

Tumors White Blood Cells 
2

A 
4

B 

Tumors White Blood Cells C D 

Fig. 3  Relationship between the doses and concentrations of TFT 
incorporated into the DNA of tumors (a) or white blood cells (b), 
and between the systemic TFT exposure and TFT concentration in 
the DNA of tumors (c) and white blood cells (d). Tumors and white 
blood cells were harvested from mice subcutaneously implanted 
with human colon cancer, KM12C, after multiple oral administra-
tions of TAS-102 once a day for 2 weeks. TFT was extracted from 
DNA obtained from tumors and blood using kits. The TFT expo-

sures (AUC0–24h) for 37.5, 75, and 150 mg/kg of TAS-102 were esti-
mated from the linear regression curve shown in Fig. 1 (AUC0–24h  
= 342.63 × x + 4362.7, R2 = 0.9883). The TFT concentration was 
determined by LC/MS/MS. Each symbol represents the TFT concen-
tration in DNA of materials collected from the individual mice. The 
lines represent the results of the linear regressions (a R2 = 0.691, 
P < 0.0001; b R2 = 0.5778, P = 0.0003, c R2 = 0.691, P < 0.0001,  
d R2 = 0.5778, P = 0.0003)
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dose in the phase 2 and subsequent phase 3 studies [17, 
18], which demonstrates a significant improvement in the 
overall survival in comparison with the placebo group in 
patients with colorectal adenocarcinoma; thus, the median 
overall survival was 7.1 months (95 % CI 6.5–7.8) in the 
TAS-102 group and 5.3 months (95 % CI 4.6–6.0) in the 
placebo group in the phase 3 study. Although the other dose 

was not evaluated in the phase 2 and 3 studies, the highest 
tolerable dose is likely to provide the highest TFT concen-
tration in DNA of tumors, leading to the promising efficacy 
in patients with colorectal cancer.

In conclusion, both antitumor activity and concur-
rently observed decrease in the BW were correlated dose-
dependently with the systemic exposure of TFT during 
multiple oral administrations of TAS-102, indicating that 
the activity and toxicity of TAS-102 could be explained by 
the increases in TFT incorporated into the DNA of tumors 
and white blood cells, respectively. The TFT concentra-
tion in DNA of tumors was also correlated with that of 
white blood cells. TFT inhibited proliferations of mouse 
bone marrow cells and human colorectal carcinoma cells 
implanted to nude mice in a similar dose-dependent man-
ner. These results indicate that the highest tolerable TFT 
dose (and its exposure in plasma) provides most promising 
antitumor activity, and therefore, the hematological toxicity 
may serve as a potential surrogate indicator of the efficacy 
of TAS-102.
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