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1 EXECUTIVE SUMMARY

A new molecular entity (NME) NDA for Lonsurf (combination of trifluridine and tipiracil 
hydrochloride at a molar ratio of 1:0.5) is submitted for treatment of patients with metastatic 
colorectal cancer (mCRC) who have been previously treated with,  
fluoropyrimidine-, oxaliplatin- and irinotecan-based chemotherapy, an anti-VEGF biological 
therapy, and an anti-EGFR therapy. The proposed dosage regimen of Lonsurf  is 35 mg/m2/dose 
(based on trifluridine) administered orally twice daily (BID), within 1 hour after completion of 
morning and evening meals, for 5 days a week with 2 days rest for 2 weeks, repeated in each 28 
day cycle until disease progression or unacceptable toxicity.

The efficacy and safety of Lonsuf was established in a randomized (2:1), placebo-controlled, 
double blinded trial in patients with mCRC who had received ≥2 prior regimens of standard 
chemotherapies and were refractory to or failing those chemotherapies. Addition of Lonsurf to 
best supportive care (BSC) resulted in a clinically meaningful and statistically significant 
improvement in overall survival (OS) of 1.8 months (7.1 versus 5.3 months, HR 0.68 [95% CI: 
0.58, 0.81]) and progression-free survival (PFS) of 0.3 months (2.0 versus 1.7 months, HR 0.48 
[95% CI: 0.40, 0.55]) as compared to placebo plus BSC.  The most common adverse drug 
reactions or laboratory abnormalities (all Grades and ≥10% in incidence) in patients treated with 
Lonsurf  at a rate that exceeds the rate in patients receiving placebo plus BSC were anemia, 
neutropenia, asthenia/fatigue, nausea, thrombocytopenia, decreased appetite, diarrhea, vomiting, 
abdominal pain, and pyrexia.

The Clinical Pharmacology program in the NDA includes studies of dose finding, contribution of 
the PK modulator component (tipiracil), food effect, cardiac safety, ADME (absorption, 
distribution, metabolism, excretion), and relative bioavailability in patients with cancer. 
Population pharmacokinetic (PopPK) analyses using data from 239 patients administrated with 
the proposed dosage regimen identified that body size and renal function are the primary intrinsic 
factors affecting the exposure to trifluridine and tipiracil.  The proposed body surface area (BSA) 
based dosing is justified. Exploratory exposure-response (E-R) analyses were inconclusive as the 
PK data were available in only 26% (138/534 ) of the Lonsurf treated patients in the 
registrational study. No evident E-R relationships for efficacy (OS) or for adverse reactions 
could be identified based on the analysis of the limited data. 

The proposed dosing regimen of 35 mg/m2/dose orally BID for 5 days a week with 2 days rest 
for 2 weeks, repeated in each 28 day cycle is acceptable.

1.1 RECOMMENDATIONS

NDA 207981 is acceptable for approval from a clinical pharmacology perspective provided that 
the Applicant and FDA come to an agreement regarding the labeling language and completion of 
the ongoing clinical pharmacology trials under postmarketing requirements (PMRs). The 
adequacy of the clinical pharmacology program in the overall drug development plan of Lonsurf 
is summarized in the table below. 
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Drug Development 
Decision

Sufficiently 
Supported?

Recommendations and Comments

Yes  No  Proposed dosing 
regimen of 35 
mg/m2/dose BID, for 5 
days a week for 2 
weeks, repeated in each 
28 day cycle

Refer to Section 
2.2.4.4 and 2.5.3 

Labeling Recommendation: The recommended 
dose is 35 mg/m2 BID within one hour of 
completion of morning and evening meals on 
Days 1- 5 and Days 8 -12 of each 28-day cycle 
until disease progression or unacceptable toxicity.  

Yes  No  

Refer to Section 
2.3.1.5 and 2.3.1.6

Labeling Recommendation: Dose adjustment is 
not recommended in patients with mild hepatic 
impairment, and mild to moderate renal 
impairment. The pharmacokinetics of Lonsurf has 
not been studied in patients with moderate to  
severe hepatic impairment, and patients with 
severe renal impairment.

PMRs: Hepatic and renal impairment studies. 
Refer to Section 1.2.1.

Yes  No  Dose adjustment in 
patients with 
comedications that 
affect the PK of 
Lonsurf

Refer to Section 
2.4.2 

Comment: No dose adjustment is recommended. 
trifluridine and tipiracil are not metabolized by 
cytochrome P450 (CYP) enzymes. Concomitant 
administration of OCT2 inhibitor had no clinically 
meaningful effect on exposure to trifluridine or 
tipiracil

Yes  No  Proposed commercial 
tablet formulation

Refer to Section 
2.5.2

Comment: The proposed commercial tablet 
formulation is identical to the Late Clinical Trial 
Material (CTM) formulation with the exception of 
imprinting, which was used in the registration trial 
(Study RECOURSE).

1.2 PHASE 4 REQUIREMENTS AND COMMITMENTS

1.2.1 Post Marketing Requirements (PMR)

The Applicant is required to complete the following clinical pharmacology trials under the PMR 
provision. The PMR trials will be included in the Approval letter with milestones agreed upon 
after negotiation with the Applicant.

Reference ID: 3809196

(b) (4)



Page 6 of 63

Drug Development 
Question

Rational PMR

Should the dose of 
Lonsurf be modified in 
patients with moderate 
or severe hepatic 
impairment?

The active component trifluridine (FTD) 
in Lonsurf is mainly eliminated by 
metabolism via thymidine phosphorylase 
(TPase) to form an inactive metabolite, 5-
(trifluoromethyl) uracil (FTY). Because 
TPase is found in the liver and 
gastrointestinal tract, patients with hepatic 
impairment may have higher FTD 
exposures than patients with normal 
hepatic function, which may lead to more 
treatment limiting severe toxicity.

Complete a pharmacokinetic 
study to determine the appropriate 
dose of Lonsurf in patients with 
hepatic impairment.

Final Protocol Submission: 
Submitted

Trial Completion: 9/30/ 2017

Final Report Submission: 
12/31/2017

Should the dose of 
Lonsurf be reduced in 
patients with severe 
renal impairment?

The pharmacokinetic modulator tipiracil 
(TPI) in Lonsurf is a thymidine 
phosphorylase (TPase) inhibitor, which is 
primarily eliminated by urinary excretion 
in its unchanged form. Patients with renal 
impairment may have increased TPI 
exposure leading to increasing in 
trifluridine (FTD) exposure due to 
increased inhibition of FTD metabolism 
(via TPase) by TPI, which may lead to 
more treatment limiting severe toxicity.

Complete a pharmacokinetic 
study to determine the appropriate 
dose of Lonsurf in patients with 
renal impairment.

Final Protocol Submission: 
Submitted

Trial Completion: 9/30/ 2017

Final Report Submission: 
12/31/2017

1.2.2 Post Marketing Commitments

None.
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1.3 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY FINDINGS

TAS-102 (Lonsurf)  is a combination of trifluridine (FTD) and tipiracil hydrochloride (TPI) at a 
molar ratio of 1:0.5 (weight ratio, 1:0.471) formulated in an immediate-release, film coated tablet 
with two strengths of 15 mg and 20 mg (expressed as mg of trifluridine per tablet).

 Mechanism of Action: Trifluridine is an antineoplastic thymidine-based nucleoside analog, 
which can be incorporated into deoxyribonucleic acid (DNA) in tumor cells following 
phosphorylation and inhibit the tumor cell proliferation. Tipiracil is a thymidine phosphorylase 
(TPase) inhibitor and inhibits degradation of trifluridine by inhibiting TPase, thus increasing 
systemic exposure to trifluridine when tipiracil is given together with trifluridine.  

Clinical Dose Selection: The proposed dosing regimen of Lonsurf is 35 mg/m2/dose 
administered orally twice daily (BID), within 1 hour after completion of morning and evening 
meals, for 5 days a week with 2 days rest for 2 weeks, repeated in each 28-days cycle. The 
tolerability TAS-102 was evaluated at dose levels of 15, 20, 25, 30, and 35 mg/m2 in a Phase 1 
dose-finding study conducted in Japanese patients with advanced solid tumors (Study J001-
10040010). The tolerability and safety at dose levels of 30 and 35 mg/m2 were further confirmed 
in Western (US) patients with mCRC (Study TPU-TAS-102-101). The efficacy and safety of 
TAS-102 at 70 mg/m2/day (35 mg/m2 BID) as the proposed dosage regimen were established in 
the registration Study TPU-TAS-102-301 (RECOURSE) and supported by a Phase 2 study in 
Japanese patients with mCRC (Study J003-10040030).  

Exposure/Dose-Response Relationship for Efficacy and Safety: The E-R relationship for 
efficacy and safety could not be adequately characterized as only 26% (138/534) patients in the 
TAS-102 treatment arm of the registration trial Study RECOURSE (TPU-TAS-102-301) had 
evaluable PK data. The median overall survival (OS) rate appeared more favorable in the 
subpopulation with higher trifluridine AUCs compared to the subpopulation with lower 
trifluridine AUCs (9.2 vs. 8.1 months). The incidence of Grade ≥3 neutropenia and any Grade ≥3 
drug related AEs appear higher (>10%) in the group with higher trifluridine AUC compared with 
the group with lower trifluridine AUC. The rate of any dose reduction was also higher in the 
group with higher trifluridine AUC group (23%) compared with the group with lower trifluridine 
AUC group (9%).

Pharmacokinetics: Systemic exposure (AUC) of trifluridine increased more than dose-
proportionally over the dose range of 15 to 35 mg/m2.The mean elimination half-life (t1/2) of 
trifluridine was 1.4 hours and of tipiracil was 2.1 hours after a single dose of 35 mg/m2 Lonsurf. 
The mean elimination t1/2 at steady state of trifluridine was 2.1 hours and of tipiracil was 2.4 
hours. The accumulation of trifluridine was 3-fold for AUC0-last and 2-fold for peak plasma 
concentration (Cmax) at steady-state while no accumulation was observed for tipiracil. 
Administration of a single dose of TAS-102 containing tipiracil and trifluridine 35 mg/m2 
increased the mean AUC0-last of trifluridine by 37-fold and Cmax by 22-fold with reduced 
variability compared to trifluridine 35 mg/m2 alone.

Food Effect: A standardized high-fat, high-calorie meal decreased trifluridine Cmax, tipiracil Cmax 
and AUC by 40-45%, but did not change trifluridine AUC compared to the fasting condition in 
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patients with cancer following administration of a single dose of Lonsurf 35 mg/m2. It is 
recommended to take Lonsurf within 1 hour after completion of the morning and evening meals 
based on the observed correlation between the increase in the Cmax of trifluridine and the 
decrease in neutrophil counts.

ADME: The mean relative bioavailability of TAS-102 tablets compared to oral solution is 100% 
for trifluridine and 96% for tipiracil. Trifluridine mainly binds to human serum albumin. The in 
vitro protein binding in human plasma is greater than 96 % for trifluridine and below 8% for 
tipiracil.  Trifluridine and tipiracil were not metabolized by cytochrome P450 (CYP) enzymes.  
Trifluridine was mainly eliminated by metabolism via thymidine phosphorylase to form an 
inactive metabolite, FTY, with 5-carboxyuracil (5-CU) and 5-carboxy-2′-deoxyuridine (5-
CdUrd) as minor components. Following a single 60 mg TAS-102 administration (Study TPU-
TAS-102-104), the mean 48 hours cumulative urinary excretion was 1.5 % for unchanged 
trifluridine, 19.2 % for FTY and 29.3% for unchanged tipiracil.  The major elimination pathway 
of trifluridine is metabolism by TPase and the major metabolite FTY is excreted into the urine, 
while tipiracil was mainly excreted in unchanged form in the urine.

Population Pharmacokinetic Analysis:  Population PK analyses with data from 239 patients 
who received TAS-102 treatment indicated that body size and renal function are the primary 
intrinsic factors affecting the exposure to trifluridine and to tipiracil after TAS-102 
administration. Oral clearance of trifluridine also negatively correlated with serum albumin 
probably due to the high protein binding of trifluridine. Other covariates tested including age, 
sex, race, mild hepatic impairment, and concomitant administration of OCT2 inhibitor had no 
clinically meaningful impact on exposure to trifluridine or tipiracil. The proposed body surface 
area (BSA) adjusted dosing is justified. 

Renal Impairment: In Study RECOURSE, the mean values of AUC for trifluridine at steady 
state were 31% higher in patients with mild (CLcr = 60-89 mL/min, n =38) and 43% higher in 
patients with moderate (CLcr = 30 to 59 mL/min, n= 16) renal impairment than those in patients 
with normal (CLcr ≥ 90 mL/min, n=84) renal function. Similar effect of renal impairment on the 
tipiracil exposure was observed (34% higher in patients with mild and 68% higher in patients 
with moderate renal impairment than that in patients with normal renal function). The 
pharmacokinetics of trifluridine and tipiracil have not been studied in patients with severe renal 
impairment (CLcr < 30 mL/min) or end-stage renal disease.  The increased exposures of 
trifluridine and tipiracil in patients with mild to moderate impairment might be confounded by 
the relatively smaller body weights in the mild (median body weigh=64 kg, n= 38) and moderate 
(median body weigh=59 kg, n=16) renal impaired patients when compared to normal renal 
function (median body weight=78 kg, n=84).  Since tipiracil is a PK modulator increasing the 
systemic exposure of trifluridine by inhibiting TPase, the increased exposure of trifluridine in 
patients with mild to moderate renal impairment could be the secondary effect mediated by the 
increased tipiracil exposures leading to increased inhibition of trifluridine metabolism (via 
TPase) in the same patients with renal impairment.  A dedicated renal impairment is currently on 
going and will be submitted as a PMR study.
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Hepatic Impairment: Mild hepatic impairment had no clinically meaningful effect on exposure 
of either trifluridine or tipiracil as compared to patients with normal liver function.  Patients with 
moderate (1.5 × ULN≤ TB < 3 × ULN and any AST) or severe (TB ≥ 3 × ULN and any AST) 
hepatic impairment were not enrolled in Study RECOURSE. The pharmacokinetics of 
trifluridine and tipiracil have not been studied in patients with moderate to severe hepatic 
impairment. The exposure of trifluridine in patients with mild hepatic impairment might be 
confounded by the body weight   and/or different liver TPase level in the patients with mild 
impaired hepatic function (median body weigh=66 kg, n= 42) when compared to the patients 
with normal hepatic function (median body weigh=72 kg, n= 96).  A dedicated hepatic 
impairment is currently on going and will be reported as a PMR study.
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2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)?

Trifluridine is an antineoplastic thymidine-based nucleoside analog, which can be incorporated 
into deoxyribonucleic acid (DNA) in tumor cells following phosphorylation and inhibit the 
tumor cell proliferation. Tipiracil inhibits degradation of trifluridine by inhibiting thymidine 
phosphorylase (TPase), thus increasing systemic exposure to trifluridine when tipiracil is given 
together with trifluridine. 

The proposed indication is for the treatment of patients with metastatic colorectal cancer 
(mCRC) who have been previously treated with,  fluoropyrimidine-, 
oxaliplatin- and irinotecan-based chemotherapy, an anti-VEGF biological therapy, and an anti-
EGFR therapy.

2.1.3 What are the proposed dosage(s) and route(s) of administration?
The proposed dosage regimen of Lonsurf  is 35 mg/m2/dose (based on trifluridine) administered 
orally twice daily (BID), within 1 hour after completion of morning and evening meals, for 5 
days a week with 2 days rest for 2 weeks, followed by a 14-day rest (1 treatment cycle). This 
treatment cycle is repeated every 4 weeks.

2.2 GENERAL CLINICAL PHARMACOLOGY  

2.2.1 What are the design features of the clinical pharmacology and clinical studies used to 
support dosing or claims? 

Clinical Pharmacology Studies

The clinical pharmacology program included seven clinical trials as described in Table 2. The 
PK profiles of trifluridine and tipiracil after dosing of TAS-102 were characterized using non-
compartment analysis (NCA) and population PK (PopPK) analyses based on data collected from 
239 patients administrated with the proposed dose regimen in Studies J001-10040010, TPU-
TAS-102-102, TPU-TAS-102-103, and TPU-TAS-102-301 (RECOURSE). Exploratory 
exposure-response (E-R) analyses were conducted with the evaluable PK data collected from 138 
Lonsurf-treated patients in the registrational study RECOURSE.   

Table 2. Summary of the Clinical Pharmacology and Clinical Studies in the Submission
Study No. Population Assessment Dosage and Regimena Nb 
J001-10040010 Japanese patients 

with confirmed 
solid tumors

Dose finding 15, 20, 25, 30, and 35 
mg/m2 under proposed 
dosage regimen 

21

J004-10040040 Japanese  patients 
with solid tumors

 Food Effect 2 single doses of 35 
mg/m2 with ≥5 days 
washout, followed with 
extension

16

TPU-TAS-102-
101 US Patients with 

refractory mCRC 

Dose finding to 
determine the 
RP3D

30 or 35 mg/m2 under 
proposed dosage regimen

27c
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TPU-TAS-102-
102 US Patients with 

advanced solid 
tumors

PK contribution 
of TPI Single dose of 35 mg/m2 

TAS-102 or FTD at cycle 
1 day 1, then followed 
with extension

39

TPU-TAS-102-
103

US patients with 
advanced solid 
tumors

Cardiac Safety 35 mg/m2 under proposed 
dosage regimen

41

TPU-TAS-102-
104

US patients with 
advanced solid 
tumors

Relative 
bioavailability

60 mg PO (tablet [3×20 
mg] or solution, 3 single 
doses with 7- day 
washout, followed with 
extension

38

TPU-TAS-102-
301 
(RECOURSE)

Global patients 
with mCRC who 
had received ≥2 
prior regimens of 
standard
chemotherapies

Major efficacy 
and safety study

35 mg/m2 under proposed 
dosage regimen

138

Notes:  a, Regimen: BID x 5 days a week followed by 2 days rest for 2 weeks every 4 weeks.
             b, Subject number with PK data evaluable;
             c, PK were not evaluated; RP3D: recommended phase 3 dose

Clinical Studies

Metastatic colorectal cancer (mCRC)
The proposed indication in the current NDA is primarily supported by the results from Study 
TPU-TAS-102-301 (n=534 TAS-102-treated) (Table 3). 

Table 3. Description of the Major Clinical Study: 
Study No. Study Design Results of Endpoints1

TPU-TAS-
102-301 
(RECOURSE) 

Phase 3, placebo-controlled, multicenter, 
double-blinded,   randomized study of 
TAS-102 + BSC  versus placebo + BSC in 
patients with mCRC who had received ≥2 
prior regimens of standard 
chemotherapies and were refractory to or 
failing those Chemotherapies.  

Totally 800 patients were randomized 
with 534 patients in TAS-102 treated arm. 

Primary: overall survival (OS)
Median OS: 7.1 months for the 
TAS-102 arm versus 5.3 months for 
the placebo arm)

Secondary: progression-free 
survival (PFS), safety and 
tolerability.
Median PFS: 2.0 months for the 
TAS-102 arm versus 1.7 months for 
the placebo arm. 

1As reported by Taiho; 

Using a treatment allocation of 2:1 (TAS-102: placebo) of 800 patients, a target of 571 events 
(deaths) was required for the primary analysis. At the time of analysis, events were observed for 
364 (68.2%) patients in the TAS-102 arm and 210 (78.9%) patients in the placebo arm. The 
overall median follow-up for all patients was 11.8 months. 
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The addition of TAS-102 to BSC resulted in a clinically meaningful and statistically significant 
improvement in OS compared to placebo plus BSC with a hazard ratio (HR) of 0.68 (95% CI: 
0.58, 0.81), and 1- and 2-sided p<0.0001 (stratified log-rank test). The median OS was 7.1 
months for the TAS-102 arm versus 5.3 months for the placebo arm (Table 4). 

Table 4. Overall Survival  (ITT Population) in Study RECOURSE

Source: FDA Labeling Review, Table 3. 

2.2.2 What is the basis for selecting the response endpoints or biomarkers and how are they 
measured in clinical pharmacology and clinical studies? 

The primary efficacy outcome measure of the registration trial RECOURSE was OS. The study 
was designed to detect with 90% power an OS hazard ratio (HR) of 0.75 (25% risk reduction) for 
TAS-102 compared to placebo with a 1-sided type I error of 0.025. The key secondary endpoints 
were PFS, safety and tolerability.  Additional outcome measures included time to treatment 
failure (TTF), overall response rate (ORR), disease control rate (DCR), duration of response 
(DR) and time to Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 2 or 
higher. 

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified 
and measured to assess pharmacokinetic parameters and exposure-response 
relationships?

Yes. The components of TAS-102, trifluridine and tipiracil,  along with their metabolites 
including the major inactive metabolite, 5-(trifluoromethyl) uracil (FTY),  were appropriately 
identified and measured in plasma and urine to assess PK parameters after oral administration.
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2.2.4 Exposure-response
2.2.4.1 What are the characteristics of the exposure-response relationships (dose-response, 

concentration-response) for efficacy?  
The E-R relationship for efficacy could not be adequately characterized due to data limitation. 
Exploratory exposure-response (E-R) analyses were conducted with the evaluable PK data 
collected from 138/534 (26%) TAS-102 treated patients (PK/PD population) in the registrational 
study RECOURSE. The relationships for OS between the TAS-102 arm and the placebo arm, 
and the TAS-102 PK/PD population are shown in Table 5 and displayed graphically in Figure 2. 
The HR of OS and associated medians for the trifluridine and tipiracil high/low AUC 
subpopulation are presented in Table 6. For trifluridine, median OS appeared more favorable in 
the subpopulation with higher trifluridine AUCs compared to the subpopulation with lower 
trifluridine AUCs (9.2 vs. 8.1 months). For tipiracil, the trend of the OS effect was not as 
pronounced, but was in favor of the lower tipiracil AUC subpopulation compared to the 
subpopulation with high AUCs (9.2 vs. 7.8 months).  Refer to the Pharmacometrics Review.  

Figure 2. Survival in the PK/PD Population and by Trifluridine AUC 

Table 5. Overall Survival in the TAS-102 Arm ,the TAS-102 PK/PD Population, and the 
Placebo Arm

Source:  sponsor’s PK/PD study report for Study TPU-TAS-102-301   Table 6  page 15
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Source: Source:  sponsor’s PK/PD study report for Study TPU-TAS-102-301   Figure 1 and Figure 2

2.2.4.2 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for safety? 

Table 6. Overall Survival by Trifluridine AUC and by Tipiracil AUC (PK/PD Population)

Source:  sponsor’s PK/PD study report for Study TPU-TAS-102-301   Table 7  page 17
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The E-R relationship for safety could not be adequately characterized as only 26% percent 
(138/534) patients in the TAS-102 treatment arm in the registrational study RECOURSE had 
evaluable PK data. Grade 3 or higher adverse events (AEs) for trifluridine or tipiracil AUC in the 
PK/PD population are summarized in Table 7. The incidence of Grade ≥3 neutropenia and any 
Grade ≥3 drug related AEs were higher (>10%) in the trifluridine high AUC group compared 
with the low AUC group. The rate of any dose reduction was higher in the trifluridine high AUC 
group (23%) compared with the low AUC group (9%). No specific pattern emerged between the 
tipiracil high AUC group and the low AUC group. Refer to the Pharmacometrics Review.  

2.2.4.3 Does this drug prolong the QT/QTc interval?

TAS-102 administered to 42 patients with advanced solid tumors at the recommended dosage 
regimen had no large effect (i.e., > 20 ms) in the mean QTc interval when compared to placebo 
and no evident exposure-QT relationship was identified. Two of 42 patients (4.8%) had QTc 

Table 7. Safety Event Summary by Trifluridine or Tipiracil AUC (PK/PD Population)

Source:  sponsor’s PK/PD study report for Study TPU-TAS-102-301   Table 10  page 23
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greater than 500 msec during TAS-102 treatment and 1 of 42 patients (2.4%) had a QTc increase 
from baseline greater than 60 msec.   Refer to FDA QT-IRT review.

2.2.4.4 Is the dose and dosing regimen selected by the applicant consistent with the known 
relationship between dose-concentration-response, and is there any unresolved 
dosing or administration issue?

Phase 1 dose-finding study conducted in Japanese patients with advanced solid tumors showed 
that TAS-102 was tolerated in doses up to 70 mg/m2/day (35 mg/m2 BID) administered for 5 
consecutive days a week with 2 days rest for 2 weeks, repeated every 4 week (Study J001-
10040010). The tolerability of this dosage regimen was further confirmed in a Phase 1 dose-
finding study conducted in Western (US) patients with mCRC (Study TPU-TAS-102-101). The 
efficacy and safety of TAS-102 with this dosage regimen was studied in a Japanese Phase 2 
study in patients with mCRC (Study J003-10040030). Based on these data, this dosage regimen 
for TAS-102 was selected for the global registrational study RECOURSE. What are the PK 
characteristics of the drug?

2.2.4.5 What are the single dose and multiple dose PK parameters?
PK contribution of tipiracil   

PK contribution of tipiracil was conducted in Study TPU-TAS-102-102. Patients were 
randomized to receive a single oral dose of TAS-102 (35 mg/m2) (Group 1, n=19) or a single oral 
dose of trifluridine alone (35 mg/m2) (Group 2, n=20) in the morning of Day 1 of Cycle 1 (PK 
contribution part). Serials blood samples were collected within 12-hours post dosing for the sing-
dose PK analysis.  Administration of a single dose of TAS-102 containing  tipiracil and 
trifluridine 35 mg/m2 (Group 1) increased the mean AUC0-last of trifluridine by 38-fold and Cmax 
by 22-fold with reduced variability compared to trifluridine 35 mg/m2 alone  (Table 8 and Figure 
3).   The mean Cmax for trifluridine after administration of trifluridine alone was 138 ng/mL 
(CV=92%, range: 25-504 ng/mL), while the mean Cmax for trifluridine after administration of 
TAS-102 was 2381 ng/mL (CV=44%, range: 979-4190 ng/mL). 

Single dose and multiple doses PK   

Plasma PK parameters for TAS-102 components (FTD and tipiracil) and the primary trifluridine  
metabolite FTY,  following single- and multiple-dose administration of TAS-102 at 35 mg/m2 
BID under fed conditions (within 1 hour after completion of meals) across studies in patients 
with solid tumors are presented in Table 9 and Table 10. The PK parameters were consistent 
across the studies. In study TPU-TAS-102-102, plasma PK parameters following a single dose 
(Day 1 of Cycle 1) and following repeat dosing (Day 12 of Cycles 1, 2, and 3) were evaluated.  

The mean elimination half-life (t1/2) of trifluridine was 1.4 hours after a single dose and 2. 1 
hours at steady state after 35 mg/m2 TAS-102 BID administration.  The mean elimination t1/2 of 
tipiracil was 2.1 hours after a single dose and 2.4 hours at steady state. The accumulation of 
trifluridine was 3-fold for AUC0-last and 2-fold for Cmax at steady-state after BID dosing.  No 
accumulation was observed for tipiracil.

Table 8. Summary of AUC and Cmax of Trifluridine and FTY after a Single Dose of TAS-102 or 
Trifluridine alone at  35 mg/m2
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Source: Summary of Clinical Pharmacology, Table 5, page  30

Figure 3. Mean Trifluridine Plasma Concentrations Time Profile after Single Dose of TAS-
102 or Trifluridine alone (Study TPU-TAS-102-102)

Source: Summary of Clinical Pharmacology, Figure 6, page  29
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Table 9. Single Dose TAS-102 PK Parameters across Studies- Mean ± SD (%CV) 

Notes: Minor metabolites are not included. 
Source: Adapted from Table 20, Summary of Clinical Pharmacology Studies

Table 10. Multiple Dose TAS-102 PK Parameters across Studies- Mean ± SD (%CV) 
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Notes: Minor metabolites are not included. 
Source: Adapted from Table 21, Summary of Clinical Pharmacology Studies

2.2.4.6 How does the PK of the drug and its major active metabolites in healthy volunteers 
compare to that in patients?

No studied with TAS-102 has been conducted in healthy volunteer.

2.2.4.7 What are the characteristics of drug absorption?

Following a single oral administration of TAS-102 at 35 mg/m2 within 1 hour after completion 
of meals in patients with cancer, the mean time to peak plasma concentration (Tmax) was around 
2 hours for trifluridine and 3.5 hours for tipiracil after dosing (Table 9).  

The mean relative bioavailability of TAS-102 tablets compared to oral solution is 100% (90% 
CI: 0.93-1.09) for trifluridine and 96% (90% CI: 0.86-1.07) for tipiracil (See Table 24 under 
section 2.5.2). 

A standardized high-fat, high-calorie meal decreased trifluridine Cmax, tipiracil Cmax and AUC by 
approximately 40%, but did not change trifluridine  AUC compared to those in a fasting state in 
cancer patients taking single dose of 35 mg/m2 TAS-102 (  See Table 25 under  section 2.5.3). 
Since trifluridine Cmax is correlated with neutropenia (see Figure 6 under section 2.2.4.12), taking 
TAS-102 with food is recommended. 

2.2.4.8 What are the characteristics of drug distribution?
Trifluridine mainly binds to human serum albumin. The in vitro protein binding of trifluridine in 
human plasma is greater than 96%, independent of drug concentration range of 0.5 to 50 µg/mL 
and presence of tipiracil (5 μg/mL) [Study AE-2350-3G].  Plasma protein binding of tipiracil is 
below 8% [Study AE-2350-2G]. The mean human blood to plasma ratio was approximately 0.6 
over the concentration range of 0.5 to 50 μg/mL for trifluridine and 0.01 to 1 μg/mL for tipiracil 
[Study 11DA34].

The apparent volume of distribution values (Vd/F) were 21 L (CV=46%)  for trifluridine  and 
333 L (CV=53%) for tipiracil after a single oral dose of 35 mg/m2 TAS-102 tablets under fed 
conditions in cancer patients (Study TPU-TAS-102-102). The population PK analyses estimated 
mean Vd/F values were 10 L for trifluridine (CV=25%) and 192 L for tipiracil (CV=63%) in 
cancer patients (Study 12DA25).

2.2.4.9 Does the mass balance study suggest renal or hepatic as the major route of 
elimination?

No mass balance study for TAS-102 has been conducted. 

2.2.4.10 What are the characteristics of drug metabolism?
Trifluridine and tipiracil were not metabolized by cytochrome P450 (CYP) enzymes.  
Trifluridine was mainly eliminated by metabolism via thymidine phosphorylase to form an 
inactive metabolite, FTY, with 5-carboxyuracil (5-CU) and 5-carboxy-2′-deoxyuridine (5-
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CdUrd) as minor components. Following oral administration of TAS-102 at the doses of 30 to 70 
mg/m2/day, concentrations of 6-hydroxymethyluracil (6-HMU) were only quantifiable in plasma 
at higher doses of TAS-102 (50 to 70 mg/m2/day). Concentrations of 6-HMU were 
approximately 1 to 2 ng/mL in plasma and were below the limit of quantification (50 ng/mL) in 
urine. No other metabolites were detected in plasma or urine in clinical studies.

The proposed metabolic pathways for trifluridine and tipiracil in humans are shown in Figure 4 
and Figure 5. 

Figure 4. Proposed Metabolic Pathways of Trifluridine in Humans

Source: Summary of Clinical Pharmacology, Figure 2, Page 17 

Figure 5. Proposed Metabolic Pathways of Tipiracil in Humans

Source: Summary of Clinical Pharmacology, Figure 3, Page 18

2.2.4.11 What are the characteristics of drug excretion?

Following a single 60 mg TAS-102 administration (Study TPU-TAS-102-104), the mean 48 
hours cumulative urinary excretion was 1.5 % for unchanged trifluridine, 19.2 % for FTY and 
29.3% for unchanged tipiracil (Table 11). 

The major elimination pathway of trifluridine is metabolism by TPase and the major metabolite 
FTY is excreted into the urine, while tipiracil was mainly excreted in unchanged form in the 
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urine.

Since tipiracil is a pharmacokinetic modulator that enhances the systemic exposure of trifluridine 
by inhibiting TPase, the clearance of trifluridine would be influenced by tipiracil plasma 
concentration. Thus, the increased exposure of trifluridine in mild and moderate renal 
impairment patients could be the secondary effect mediated by the increased tipiracil exposures 
leading to increased inhibition of trifluridine metabolism (via TPase) in the renal impairment 
patients.  Refer to section 2.3.1.5

Table 11. Urinary Excretion of TAS-102 Components and Trifluridine Metabolites after 
Administration of TAS-102 Tablet

Source: CSR Study TPU-TAS-102-104 Table 16, Page 66

2.2.4.12 Based on PK parameters, what is the degree of linearity or non-linearity based in the 
dose-concentration relationship?

In Study J001-10040010, five escalating dose levels of 15, 20, 25, 30, and 35 mg/m2 TAS-102 
BID were evaluated in Japanese patients with solid tumors. Serial blood samples were collected 
for PK evaluation on Day 1 and Day 12. The AUC0-10h of trifluridine increased more than dose-
proportionally over the dose range of 15 to 35 mg/m2.  The dose-normalized AUC0-10h for 
trifluridine at the dose range of 40 to 70 mg/m2/day was generally constant (with differences ≤ 
30%). Other parameters of trifluridine and parameters of tipiracil appeared to be dose 
proportional (Table 12 and Table 13).

Table 12. Pharmacokinetic Parameters (Mean±SD) of Trifluridine in the Plasma Following 
Single- and Multiple-dose Administration (Study J001-10040010)
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Source: Summary of Clinical Pharmacology Studies,. Table 2, Page 23

Table 13. Pharmacokinetic Parameters (Mean±SD) of Tipiracil in the Plasma Following Single- 
and Multiple-dose Administration (Study J001-10040010)

Source: Summary of Clinical Pharmacology Studies, Table 4, Page 24

The hematological parameters including the white blood cell (WBC), neutrophil, red blood cell 
(RBC), hemoglobin and platelet counts were evaluated throughout the study. The correlation 
between the rates of decrease in hematologic parameters and the Cmax and AUC0-10h of trifluridine 
post TAS-102 dosing is shown in Figure 6 below. In Cycle 1, the data on neutrophil count and 
white blood cell count were significantly correlated with the Cmax and AUC0-10h of trifluridine, 
FTY and tipiracil. 

Figure 6.  Correlation Between the Rates of Decrease in the Hematologic Parameters (%) and 
Trifluridine Exposure on Day 12 (Study J001-10040010) 

FTD Cmax FTD AUC0-10
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Source: CSR  Study J001-10040010,  Figure 11.4.1.5-3 and 11.4.1.5-4

2.2.4.13 How do the PK parameters change with time following chronic dosing?
In study TPU-TAS-102-102, PK parameters were evaluated for TAS-102 components and the 
major metabolite FTY on Day 1 of Cycle 1 (single dose) and on Day 12 of Cycles 1, 2 and 3 
after multiple dose administration of TAS-102 at 35 mg/m2. The accumulation of trifluridine was 
3-fold for AUC0-last and 2-fold for Cmax at steady-state on Day 12 of Cycle 1 when compared to 
the parameters on Day 1 Cycle 1 (Table 14).  There was no indication of further accumulation 
for trifluridine with successive cycles of TAS-102 administration (i.e., Day 12 of Cycle 2 and of 
Cycle 3 compared to that of Cycle 1). No accumulation was observed for tipiracil and FTY. 
Table 14. Single- and Multiple-dose Pharmacokinetics of TAS-102 Components and Metabolite 
FTY (Study TPU-TAS-102-102)

Source: Summary of Clinical Pharmacology Studies, Table 7, Page 33

2.2.4.14 What is the inter- and intra-subject variability of the PK parameters in volunteers 
and patients and what are the major causes of variability?

Based on the PK data from patients in Study TPU-TAS-102-104, the inter-subject variability 
(CV %) was > 60% and the intra-subject variability (CV %) was <30% for trifluridine AUC0-last 
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and Cmax values. Similar variability was observed for parameters of tipiracil as indicated in Table 
15 below. 

Table 15. Variability in AUC0-last and Cmax Values (TPU-TAS-102-104)

Source: Summary of Clinical Pharmacology Studies, Table 12, Page 42

In the PPK model, body surface area was identified as a significant covariate for volume of 
distribution (Vd/F) of trifluridine and tipiracil. Creatinine clearance (CLcr) was a significant 
covariate for clearance (CL/F) of trifluridine and tipiracil, and serum albumin (ALB) was a 
significant covariate for CL/F of trifluridine. Other covariates tested including age, sex, race, 
hepatic function parameters, and concomitant administration of OCT2 inhibitors had no 
clinically meaningful impact on exposure to trifluridine or tipiracil. For the final model with 
BSA incorporated as covariate for Vd/F, and CLcr and/or ALB incorporated as covariates for 
CL/F, the variabilities were reduced. The final PPK model parameters and unexplained inter-
individual variability are listed in the Table 16 and Table 17 below. 
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Table 16. Parameter Estimates of the Final Population PK Model for Trifluridine

Source: Table 14  summary of clinical pharmacology, Page 44

Table 17. Parameter Estimates of the Final Population PK Model for Tipiracil

Source: Table 15  summary of clinical pharmacology, Page 45
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2.3 INTRINSIC FACTORS

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or 
response, and what is the impact of any differences in exposure on efficacy or safety 
responses? 

Population pharmacokinetic analysis (n=239) indicated that body size and renal function are the 
primary intrinsic factors that affect the exposure to trifluridine or tipiracil after dosing of TAS-
102. Oral clearance of trifluridine also negatively correlated with serum albumin probably due to 
the high protein binding of trifluridine. Other covariates tested including age, sex, race, hepatic 
function parameters representing normal function to mild hepatic impairment, and concomitant 
administration of OCT2 inhibitor had no clinically meaningful impact on exposure to trifluridine 
or tipiracil. 

2.3.1.1 Age

The age of the patients ranged from 33 to 82 years old in the dataset analyzed (n=239, mean of 
60 years, and median of 61 years). Age was not a significant covariate for PK parameters of 
either trifluridine or tipiracil. Exposures of trifluridine and tipiracil are not expected to be 
affected by age. 

2.3.1.2 Sex

The population PK dataset included more men (59%) than women (41 %). Although sex was 
selected as a statistically significant covariate on Vd/F of trifluridine in the forward addition 
procedure of covariate modeling, it was no longer significant once BSA was incorporated into 
the model. The apparent inter-individual difference on Vd/F of trifluridine seen for sex is 
attributable to the difference in body size, which has been adjusted by BSA based dosing of 
TAS-102.

2.3.1.3 Race

The dataset consisted of 61% White, 26% Asian (mainly Japanese) patients and 13% others. 
Race was not a significant covariate for PK parameters of either trifluridine or tipiracil. 
Exposures of trifluridine and tipiracil are not expected to be affected by Race. 

2.3.1.4 Body Size

Body surface area (BSA) ranged from 1.1 to 2.48 m2 in the dataset analyzed (n=239, mean of 
1.82 m2, and median of 1.81 m2). BSA was a significant covariate for Vd/F in both final models 
for trifluridine and tipiracil. Some apparent differences of inter-individual residuals seen in race 
and sex might be attributed to the confounding with BSA because race and sex were not included 
in the models. The BSA based dosing of TAS-102 is justified to reduce the variability of 
exposure of trifluridine and tipiracil. 

Reference ID: 3809196



Page 29 of 63

2.3.1.5 Renal Impairment

No dedicated clinical studies have been conducted to evaluate the effect of renal impairment on 
the PK of TAS-102. Based on the population PK analysis, estimated creatinine clearance (CLcr) 
was a significant covariate for clearance of trifluridine and tipiracil following oral administration 
of TAS-102.  In Study RECOURSE, the mean values of AUC at steady state for trifluridine were 
31% higher in patients with mild renal impairment (CLcr = 60-89 mL/min, n =38) and 43% 
higher in patients with moderate renal impairment (CLcr = 30 to 59 mL/min, n= 16) than that for 
patients with normal renal function (CLcr ≥ 90 mL/min, n=84). Similar effect of renal 
impairment on the tipiracil exposure was observed (34% higher in patients with mild and 68% 
higher in patients with moderate renal impairment than that in patients with normal renal 
function) (Table 18). The pharmacokinetics of trifluridine and tipiracil have not been studied in 
patients with severe renal impairment (CLcr < 30 mL/min) or end-stage renal disease.  The 
increased exposures of trifluridine and tipiracil in patients with mild to moderate renal 
impairment might be confounded by the relatively smaller body weights in the mild (median 
body weigh=64 kg, n= 38) and moderate (median body weigh=59 kg, n=16) renal impaired 
patients when compared to patients with normal renal function (median body weight=78 kg, 
n=84) (Figure 7).  Since tipiracil is a PK modulator that enhances the systemic exposure of 
trifluridine by inhibiting TPase, the increased exposure of trifluridine in patients with mild and 
moderate renal impairment could be the secondary effect mediated by the increased tipiracil 
exposures leading to increased inhibition of trifluridine metabolism (via TPase) in the same 
patients with renal impairment. 
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Table 18. Summary of Daily AUC for Each Renal Function Subgroup (PK Population in 
Study RECOURSE)

Source: Table 1, Sponsor’s response to the IR of analysis of renal function effect in Study RECOURSE

  

Figure 7.  Effect of Renal Impairment on AUCss of Trifluridine in Study RECOURSE 

Reviewer’s analysis based on data set adpk.xpt provided from Study RECOURSE. 
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2.3.1.6 Hepatic Impairment 

No dedicated clinical studies have been conducted to evaluate the effect of hepatic impairment 
on the pharmacokinetics of TAS-102. Based on the population PK analysis of Study 
RECOURSE with data from patients with normal liver function (total bilirubin (TB) and AST 
≤the upper limit of normal (ULN), n= 96) and patients with mild hepatic impairment (TB ≤ULN 
and AST > ULN or 1×ULN <TB < to 1.5 × ULN and any AST, n=42), liver function parameters 
including ALT, AST, ALP, and total bilirubin were not covariates for PK parameters of either 
trifluridine or PTI.  Mild hepatic impairment had no clinically meaningful effect on exposure of 
either trifluridine or tipiracil as compared to patients with normal liver function (Figure 8).    
Patients with moderate (1.5 ×ULN ≤TB < 3 × ULN and any AST) or severe (TB ≥3 × ULN and 
any AST) hepatic impairment were not enrolled in Study RECOURSE.  The pharmacokinetics of 
trifluridine and tipiracil have not been studied in patients with moderate to severe hepatic 
impairment. The exposure of trifluridine in patients with mild hepatic impairment might be 
confounded by the body weight or different TPase level in the patients with mild impaired 
hepatic function (median body weigh=66 kg, n= 42) when compared to the patients with normal 
hepatic function (median body weigh=72 kg, n= 96).

Figure 8. Effect of Hepatic Impairment on AUCss of Trifluridine and Tipiracil  in Study 
RECOURSE
FTD daily AUCss TPI daily AUCss Body Weight

Reviewer’s analysis based on data set adpk.xpt provided from Study RECOURSE. 

2.3.2 Based upon what is known about exposure-response relationships and their variability 
and the groups studied, healthy volunteers vs. patients vs. specific populations, what dosage 
regimen adjustments, if any, are recommended for each of these groups?   If dose regimen 
adjustments are not based upon exposure-response relationships, describe the alternative basis 
for the recommendation.

The BSA based dosing of TAS-102 is justified as it reduces the variability of exposure of 
trifluridine and tipiracil. No clinically meaningful PK differences have been identified for other 
tested covariates including age, sex, and race. Dedicated renal impairment study and hepatic 
impairment study are proposed as post marketing requirements (PMRs) to further verify the 
effects of organ impairment on the exposure, tolerability and safety for TAS-102. 
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2.3.2.1 Elderly Patients

Age was not identified as a significant covariate influencing TAS-102 PK based on a population 
PK analysis. In Study RECOURSE, 533 patients received TAS-102; 44% were 65 years of age 
or over, while 7% were 75 and over.  No overall differences in effectiveness were observed in 
patients 65 or older versus younger patients, and no adjustment is recommended for the starting 
dose of TAS-102 based on age.

Compared to patients younger than 65 years, patients 65 years of age or older who received 
TAS-102 had a higher incidence of the following AEs:  Grade 3 or 4 neutropenia (48% vs 30%), 
Grade 3 anemia (26% vs 12%), and Grade 3 or 4 thrombocytopenia (9% vs 2%).

2.3.2.2 Sex
The effect of sex was evaluated in men (n=141, 59%) and women (n=98, 41%). The popPK 
analysis did not identify sex as a significant covariate influencing trifluridine or tipiracil PK. 
Refer to Section 2.3.1. 2

2.3.2.3 Race 
The effect of race was evaluated in White (n=146, 61%), Asian (mainly Japanese) (n=93, 26%) 
and 17% others. The popPK analysis did not identify race as a significant covariate influencing 
trifluridine or tipiracil PK. Refer to Section 2.3.1.3

2.3.2.4 Renal Impairment

No dedicated clinical studies have been conducted to evaluate the effect of renal impairment on 
the PK of TAS-102. Refer to Section 2.3.1.5

In Study RECOURSE, patients with moderate renal impairment (CLcr = 30 to 59 mL/min, n= 
47) had a higher incidence (difference of at least 5%) of ≥ Grade 3 adverse events, serious 
adverse events, and dose delays and reductions compared to patients with normal renal function 
(CLcr ≥ 90 mL/min, n= 306) and patients with mild renal impairment (CLcr = 60 to 89 mL/min, 
n= 178). 

No dose adjustment to the starting dose of Lonsurf is recommended in patients with mild or 
moderate renal impairment (CLcr of 30 to 89 mL/min); however patients with mild or moderate 
renal impairment should be monitored for increased toxicity.  No patients with severe renal 
impairment (CLcr <30 mL/min) were enrolled in Study RECOURSE. A dedicated renal 
impairment is currently on going and will be submitted as a PMR study. 

2.3.2.5 Hepatic Impairment
No dedicated clinical studies have been conducted to evaluate the effect of hepatic impairment 
on the PK of TAS-102.  No dose adjustment is recommended for patients with mild hepatic 
impairment (TB≤ ULN and AST >ULN or TB < 1 to 1.5 ×ULN and any AST). Patients with 
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moderate (TB > 1.5 to 3 ×ULN and any AST) or severe (TB > 3×ULN and any AST) hepatic 
impairment were not enrolled in Study RECOURSE. A dedicated hepatic impairment study is 
currently ongoing and will be submitted as a PMR study. Refer to Section 2.3.1.6

2.3.2.6 What pregnancy and lactation use information is in the application? 

According to the proposed labeling, it is not known whether Lonsurf and/or its metabolites are 
excreted in human milk.  In nursing rats, trifluridine, tipiracil, and/or their metabolites have been 
demonstrated to be secreted into breast milk.

The developmental and health benefits of breastfeeding should be considered along with the 
mother’s clinical need for Lonsurf and any potential adverse effects on the breastfed child from 
Lonsurf or from the underlying maternal condition.

2.4 EXTRINSIC FACTORS

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) 
influence dose-exposure and/or -response and what is the impact of any differences in 
exposure on response?

No dedicated studies were conducted to evaluate the impact of extrinsic factors (drugs, herbal 
products, smoking, and alcohol use) on the PK of TAS-102. Refer to the section 2.5.3 for the 
food effect on the exposure of LONSURF.

2.4.2 What are the drug-drug interactions?

2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 

No. See below. 

2.4.2.2  Is the drug a substrate of CYP enzymes?
No. Trifluridine is a substrate of thymidine phosphorylase, and is not metabolized by cytochrome 
P450 (CYP) enzymes.  Tipiracil is not metabolized in either human liver S9 or cryopreserved 
hepatocytes.

2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes?
No. In vitro studies indicated that trifluridine, tipiracil, and FTY did not inhibit the human CYP 
enzymes and had no inductive effect on human CYP1A2, CYP2B6 or CYP3A4/5.

2.4.2.4 Is the drug an inhibitor and/or an inducer of transporters?

FTD was not an inhibitor of or substrate for human uptake and efflux transporters.  Tipiracil was 
a substrate and an inhibitor of OCT2 in vitro at concentrations 3-fold or higher than the observed 
plasma Cmax in clinical studies.   The population PK analysis suggested that concomitant 
administration of OCT2 inhibitors (n=24) had no effect on the PK parameters of trifluridine and 
tipiracil. 
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2.4.2.5 Are there other metabolic/transporter pathways that may be important?
None.

2.4.2.6 Does the label specify co-administration of another drug and, if so, has the 
interaction potential between these drugs been evaluated?

No. The influence of thymidine analogues on PK parameters of trifluridine was not able to be 
examined because there were no patients who took other thymidine analogues concomitantly 
with TAS-102. In addition, 10% of overall patients received concomitant OCT2 inhibitors 
(famotidine, metformin, and ranitidine) in the clinical studies. The influence of OCT2 inhibitors 
on PK parameters such as Vd/F, CL/F, and mean transit time on tipiracil was examined using the 
base model of tipiracil. These OCT2 inhibitors did not demonstrate any clinically meaningful 
effects on the PK parameters of tipiracil.

2.4.2.7 What other co-medications are likely to be administered to the target population?
Not Applicable

2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the exposure alone 
and/or exposure-response relationships are different when drugs are co-
administered?

None.

2.4.2.9 Is there a known mechanistic basis for pharmacodynamic drug-drug interactions?
None. Refer to Section 2.4.2.6

2.4.2.10 Are there any unresolved questions related to metabolism, active metabolites, 
metabolic drug interactions or protein binding?

None.

2.4.3 What issues related to dose, dosing regimens, or administration are unresolved and 
represent significant omissions?

None.

2.5 GENERAL BIOPHARMACEUTICS

2.5.1 Based on BCS principles, in what class is this drug and formulation? What solubility, 
permeability and dissolution data support this classification?

The Applicant classifies trifluridine and tipiracil as BCS class III compounds based on data 
showing low membrane permeability across Caco-2 cell monolayers and high solubility in buffer 
solutions ranging in pH values from 1 to 7.5 (refer to Section 2.1.1). 

Both the Early Clinical Trial Material (CTM) Formulation and the Late CTM Formulation 
showed rapid dissolution % dissolved in 15 minutes) in water and buffered media of pH 1.2 
to 6.8 (Table 19). Furthermore, the 20 mg strength of Late CTM Formulation also showed 
similar rapid dissolution in FaSSIF (fasted state simulated intestinal fluid, pH 6.5) and FeSSIF 
(fed state simulated intestinal fluid, pH 5.0) as shown in Table 20. The formulation differences 
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randomized to Sequence A received TAS-102 tablets in Period 1, oral solution in Period 2, and 
oral solution in Period 3; whereas patients randomized to Sequence B received TAS-102 oral 
solution in Period 1, TAS-102 tablets in Period 2, and TAS-102 tablets in Period 3. Each period 
was separated by a 7-day washout period.  Of the 46 patients treated, 38 (82.6%) were included 
in the Crossover BA PK population, and 45 (97.8%) were included in the All PK population 
(Table 23). 

Table 23. Study Populations in the Relative Bioavailability Study TPU-TAS-102-104

Source: CSR of Study TPU-TAS-102-104, Table 9, Page 55

The statistical analysis showed that the relative bioavailability of tablets compared to oral 
solution based on the ratio of geometric means for AUC0-last was 100% (90% CI: 0.93-1.09) for 
trifluridine and 96% (90% CI: 0.86-1.07) for tipiracil (Table 24). The corresponding 90% CIs for 
AUC0-inf and AUC0-last were within the 0.80 to 1.25 boundary for demonstration of 
bioequivalence. The results were similar for the trifluridine metabolites, FTY and 5-CU. Due to 
slightly delayed absorption for the tablet, the geometric mean value of trifluridine Cmax was 
lower for the TAS-102 tablet than for the oral solution (relative bioavailability of 86% [90% CI: 
0.79-0.95]). 

Table 24. Statistical Analysis of Relative Bioavailability (BA PK Population in Study 
TPU-TAS-102-104)

Reference ID: 3809196



Page 38 of 63

Source: CSR of Study TPU-TAS-102-104, Table 14, Page 64

2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage form? 
What dosing recommendation should be made, if any, regarding administration of the 
product in relation to meals or meal types?

A food effect study was conducted in Japanese patients with solid tumors (excluding those who 
had gastric cancer or a history of gastrectomy) using Early CTM tablets formulation of TAS-102 
(Study J004-10040040). A total of 16 patients were enrolled and received single doses of 35 
mg/m2 TAS-102 under two conditions  with washout period of at least 4 days, assigned in 
random order: the fasting condition and after a high-fat, high calorie meal.  The contents of 
meals were determined with reference to the FDA's guidance and the required number of calories 
was adjusted according to the mean body weight ratio between U.S. and Japanese patients. 

Food effects were assessed using ANOVA (Analysis of Variance) to calculate the geometric 
mean ratio (fed/fasting) and its 90% Confidence Interval (90% CI) of the Cmax, AUC0-12h, and 
AUC0-inf. In addition, food effects on Tmax were assessed by the Wilcoxon signed-rank test. 
Results are listed in Table 25. The Cmax of trifluridine was decreased by 40% and Cmax and AUC 
of tipiracil were decreased by 45% in the fed state compared to the fasting state, and the 
corresponding 90% CI of the geometric mean ratios for Cmax of trifluridine, Cmax of tipiracil, 
and AUC of tipiracil were not in the 0.80 to 1.25 range for bioequivalence.  There were no 
significant differences in AUC of trifluridine and Tmax of trifluridine or tipiracil after 
administration in fasting or fed states.  
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 Table 25. Geometric Mean Ratio (Fed/Fasting) and 90% Confidence Interval of 
Trifluridine and Tipiracil Pharmacokinetic Parameters (Study J004-1040040)

Source: Summary of Biopharmaceutics Studies and Associated Analytic Methods, Table 12, Page 26

2.5.4 When would a fed BE study be appropriate and was one conducted?
Not applicable.

2.5.5 How do dissolution conditions and specifications ensure in vivo performance and 
quality of the product?

The dissolution test conditions are listed in Table 26 below. No statistical analyses of 
correlations between in vitro and in vivo dissolution characteristics were performed. The drug 
product rapidly releases under the conditions testing for dissolution parameters that mimic 
physiological conditions (refer to Section 2.5.1). Refer to CMC reviews.  
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Table 26. Dissolution Test Conditions

Source: Summary of Biopharmaceutics Studies and Associated Analytic Methods, Table 12, Page 26

2.5.6 If different strength formulations are not bioequivalent based on standard criteria, 
what clinical safety and efficacy data support the approval of various strengths of the 
to-be-marketed product?

Not applicable. Same formulation was used for TAS-102 strength 15 mg and 20 mg (expressed 
as mg of trifluridine per tablet). Refer to CMC review.

2.5.7 If the NDA is for a modified release formulation of an approved immediate product 
without supportive safety and efficacy studies, what dosing regimen changes are 
necessary, if any, in the presence or absence of PK-PD relationship?

Not applicable.

2.5.8 If unapproved products or altered approved products were used as active controls, how 
is BE to the ‘to-be-marketed’ product? What is the basis for using either in vitro or in 
vivo data to evaluate BE?

Not applicable.

2.5.9 What other significant, unresolved issues in relation to in vitro dissolution of in vivo 
BA and BE need to be addressed?

None.
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2.6 ANALYTICAL SECTION

2.6.1 How are the active moieties identified and measured in the plasma and the other 
matrices?

The parent compound trifluridine, its major metabolite FTY, and the PK modulating component 
in the combination drug, tipiracil were measured in plasma and urine using validated liquid 
chromatography-mass spectrometry (LC-MS/MS). 

2.6.2 Which metabolites have been selected for analysis and why?
The major metabolite FTY has been selected for analysis in urine and plasma after dosing of 
TAS-102. Bioanalysis methods for other minor metabolites including 6-HMU, dThd, 5-CU and 
5-CdUrd were also validated for quantitation in plasma and/or urine after dosing of TAS-102. 

2.6.3 For all moieties measured is free, bound or total measured?
The dose of TAS-102 was expressed on the basis of the milligram content of trifluridine, and 
concentrations of trifluridine and metabolites were calculated as for the free form. For tipiracil, 
the concentrations were measured as the tipiracil free form, and the measured concentrations 
were converted to the equivalent of the hydrochloride form before being subjected to PK 
analysis.

2.6.4 What bioanalytical methods are used to assess concentrations?
Validated LC-MS/MS methods were used to measure the concentrations of the moieties in 
human plasma and urine. Validation details are provided in Table 27 for quantitation of 
trifluridine, FTY, and tipiracil in plasma and urine. Details for the validation for quantitation of 
6-HMU in plasma and urine, dThd in plasma, 5-CU, and 5-CdUrd in plasma and urine are 
provided in Table 28.
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2.6.4.4 What is the sample stability under the conditions used in the study? (long-term, 
freeze-thaw, sample-handling, sample transport, autosampler)

Refer to Table 27 and Table 28.

2.6.4.5 What is the QC sample plan?
Summary of QC samples for all PK studies and Study RECOURSE is listed in Table 29. QC 
samples were prepared in duplicate in each run. Acceptance criteria for QC samples in each run 
were met (%bias within ±15% of the nominal concentration for at least 4/6 of QC samples and at 
least 50% QC samples at each level within 15% of the nominal concentrations , and a minimum 
of three concentrations of QCs) . 

Table 29. QC Samples for Trifluridine, FTY, and Tipiracil in Plasma – All PK Studies and 
Study TAS-102-301
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Source: Summary of Biopharmaceutics Studies and Associated Analytic Methods, Table 15, Page 44
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3 DETAILED LABELING RECOMMENDATIONS
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4 APPENDICES

4.1 PHARMACOMETRICS REVIEW

OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.

1.1.1 What are the findings by population PK analyses to support the dosing of Lonsurf 
in overall patient population or/and subgroups of patients?

Body surface area (BSA)
Clearance of Lonsurf is dependent on BSA based on population PK covariate analysis. This 
supports the proposed BSA adjusted dosing (35 mg/m2 BID on Days 1 through 5 and Days 8 
through 12 of each 28-day cycle).

Hepatic Impairment
The PK of Trifluridine (FTD) and Tipiracil (TPI) have not been studied in patients with 
moderate to severe hepatic impairment. As a measure of live function, serum albumin (ALB) 
was a significant covariate for clearance of FTD based on population PK analysis with patients 
with normal liver function and mild hepatic impairment. However liver function parameters 
(e.g., ALP and BIL) were not significant covariates for PK parameters of either FTD or TPI. The 
results of an in vitro study indicated that the plasma protein binding ratio of FTD is more than 
96% in human, suggesting the association between ALB and clearance of FTD would be 
secondary to the plasma protein binding. So the PK of FTD and TPI are expected to be similar in 
patients with normal hepatic function and mild hepatic impairment. No dose adjustment is 
recommended for patients with mild hepatic impairment.

Renal Impairment
Creatinine clearance (CLcr) was a significant covariate for PK of FTD and TPI. However the 
effect of renal impairment on PK is not clinically important. In phase 3 study TPU-TAS-102-
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301, the AUC at steady state of FTD following the proposed dosing was increased by 31% in 
patients with mild renal impairment (CLcr = 60-89 mL/min, n =38) and 43% in patients with 
moderate renal impairment (CLcr = 30 to 59 mL/min, n= 16) as compared to patients with 
normal renal function (CLcr ≥ 90 mL/min, n=84). The AUC at steady state of TPI following the 
proposed dosing was increased by 34% in patients with mild renal impairment (CLcr = 60-89 
mL/min, n =38) and 65% in patients with moderate renal impairment (CLcr = 30 to 59 mL/min, 
n= 16) as compared to patients with normal renal function (CLcr ≥ 90 mL/min, n=84) (Table 30). 
However, there is substantial overlap in exposure of FTD and TPI among patients with different 
renal function (Figure 9), so no adjustment on starting dose is warranted for patients with mild 
and moderate renal impairment (CLcr of 30 to 89 mL/min).

Other Factors
Age (33-82 years), sex, race (White or Asian) and concomitant medication with OCT2 inhibitor 
are not significant covariate for the PK of FTD and TPI. 

Figure 9.  Comparison of AUC of FTD and TPI across each renal function group in phase 3 
study TPU-TAS-102-301

Comparison of AUC of FTD Comparison of AUC of TPI

Sources: Sponsor’s Analysis of renal function effects on PK from study TPU-TAS-102-30, Page 5 and 7

Reference ID: 3809196



Page 56 of 63

Table 30.  Summary of AUC for each renal function subgroup

Sources: Sponsor’s Analysis of renal function effects on PK from study TPU-TAS-102-30, Page 8

1.1.2 What is the characteristic of exposure-response (E-R) relationship for efficacy and 
safety?

The E-R relationship for efficacy and safety could not be adequately characterized as only 26% 
percent (138/534) patients in the Lonsurf treatment arm in phase 3 study (TPU-TAS-102-301) 
had evaluable PK data.

1.2 Recommendations
The Division of Pharmacometrics in Office of Clinical Pharmacology has reviewed the 
information contained in NDA 207981.  This NDA is considered acceptable from a 
pharmacometrics perspective.  

1.3 Label Statements
Please refer to Section 3 - Detailed Labeling Recommendations in clinical pharmacology review.

2 RESULTS OF SPONSOR’S POPULATION PK ANALYSIS

2.1 Data and Patients Characteristics
The PK data of clinical studies listed in Table 31 were combined and used in this population PK 
analysis.
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Table 31: Summary of studies used for population PK analysis

Sources: Sponsor’s Pharmacokinetic Analysis Report, Page 15

Summary of patient characteristics in the PK datasets was provided in Table 32. 
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Table 32: Patient characteristics 
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Sources: Sponsor’s Pharmacokinetic Analysis Report, Page 25, 26

2.2 Results 

2.2.1 Population PK analysis for FTD 

The structural model of PK for FTD is a 1-Compartment model with transit absorption model 
(nt=4). The estimates of fixed and random effect of final model for FTD were provided in Table 
33. The PK data of FTD can be adequately described by the final model (Figure 10). BSA, CLcr 
and ALB were identified as significant covariates for PK of FTD.
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Table 33:  Summary of final model parameter estimated for FTD

Sources: Sponsor’s Pharmacokinetic Analysis Report, Page 58

Figure 10: Diagnostic plots of final model for FTD

Sources: Sponsor’s Pharmacokinetic Analysis Report, Page 61

Reviewer’s comments: BSA is not included as covariate for clearance in the final model. It is 
known that BSA is highly correlated with CLcr since the effect of body size is already captured in 
the calculation of CLcr. So clearance of FTD is apparently associated with BSA secondary to its 
association with CLcr. However, including both CLcr and BSA as covariate for clearance 
reduced the value of objective function by 17.587. Therefore, BSA is a significant covariate for 

Reference ID: 3809196



Page 62 of 63

clearance of FTD after controlling for CLcr, suggesting BSA and clearance is associated 
independent on CLcr. This serves the basis for the proposed BSA adjusted dosing.

2.2.2 Population PK analysis for TPI 
The PK of TPI can be described by a 2-Compartment model with transit absorption model 
(nt=4). The estimates of fixed and random effect of final model for TPI were provided in Table 
34. The PK data of TPI can be adequately described by the final model (Figure 11).

Table 34: Summary of final model parameter estimated for TPI

Sources: Sponsor’s Pharmacokinetic Analysis Report, Page 96
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA 207981

Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for NDA 207981_lonsurf

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA/BLA Number 207981 Brand Name Lonsurf

OCP Division (I, II, III, IV, V) OCP Division V Generic Name TAS-102

Medical Division DOP2 Drug Class anti-neoplastic thymidine-
based nucleoside analogue 
(trifluridine and tipiracil 
hydrochloride combination 
with fixed molar ratio of 
1:0.5)  

OCP Reviewer Xianhua(Walt) Cao, Ph D. Indication(s) metastatic colorectal 
cancer (CRC)

OCP Team Leader Hong Zhao Ph.D. (CP); Liang 
Zhao, Ph.D. (PM)

Dosage Form Tablets ( 15 and 20 mg)

Pharmacometrics Reviewer Jerry Yu, Ph.D. Dosing Regimen 35 mg/m2/dose, twice daily 
(BID) for 5 days a week 
with 2 days rest for 2 
Weeks, followed by a 2 
weeks rest, repeated every 
4 weeks

Date of Submission 12/19/14 Route of Administration Orally  

Estimated Due Date of OCP Review 10/23/15? Sponsor Taiho Oncology, Inc.

Medical Division Due Date Priority Classification Standard

PDUFA Due Date 12/18/15

Clin. Pharm. and Biopharm. Information
“X” if included 

at filing
Number of 
studies 
submitted

Number of 
studies 
reviewed

Critical Comments If any

STUDY TYPE                                                                                                                           

Table of Contents present and sufficient to 
locate reports, tables, data, etc.

x                                                 

Tabular Listing of All Human Studies x                                                 
HPK Summary x                                                 
Labeling x                                                 
Reference Bioanalytical and Analytical 
Methods

x                                                 

I.  Clinical Pharmacology                                                                                                  
    Mass balance: x 1 TPU-TAS-102-108, proposed 

as PMC, CSR expected 
2Q2015

    Isozyme characterization:
    Blood/plasma ratio: x 1 Study 11DA34

    Plasma protein binding: x 2 Studies AE-2350-2G and AE-
2350-3G

    Pharmacokinetics (e.g., Phase I) - x                                                                                                  

Healthy Volunteers-
                                                                                                 

single dose:
multiple dose:

Patients-
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FILING FORM/CHECKLIST FOR NDA 207981

Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for NDA 207981_lonsurf

single dose:

multiple dose: x 3 Study J001-10040010, TPU-
TAS-102-101, TPU-TAS-102-
102,

   Dose proportionality -                                                                                                  
fasting / non-fasting single dose:

fasting / non-fasting multiple dose: x 2 Study J001-10040010, TPU-
TAS-102-101

    Drug-drug interaction studies -                                                                                                                           
In-vivo effects on primary drug: x 1 TPU-TAS-102-102: PK 

contribution of TPI
In-vivo effects of primary drug:

In-vitro: x 15
    Subpopulation studies -                                                                                                                           

ethnicity:
gender:

pediatrics:
geriatrics:

renal impairment: x 1 TPU-TAS-102-107, proposed 
as PMC, study initiated 
4Q2014

hepatic impairment: x 1 TPU-TAS-102-106, proposed 
as PMC, study initiated 
4Q2014

    PD -                                                                                                                           
Phase 2:
Phase 3:

    PK/PD -                                                  
Phase 1 and/or 2, proof of concept: x 1 TPU-TAS-102-103:  cardiac 

safety
Phase 3 clinical trial:

    Population Analyses -                                                  
Data rich: x 3 J001-10040010; TPU-TAS-

102-102; TPU-TAS-102-103
Data sparse: x 1 TPU-TAS-102-301

II.  Biopharmaceutics                                                                                                                           
    Absolute bioavailability
    Relative bioavailability -                                                                                                                           

solution as reference: x 1 Study TPU-TAS-102-104
alternate formulation as reference:

    Bioequivalence studies -                                                                                                                           
traditional design; single / multi dose:

replicate design; single / multi dose:

    Food-drug interaction studies x 1 Study J004-10040040

    Bio-waiver request based on BCS
    BCS class
   Dissolution study to evaluate alcohol induced
   dose-dumping
III.  Other CPB Studies                                                                                                                          
    Genotype/phenotype studies
    Chronopharmacokinetics
    Pediatric development plan
    Literature References
Total Number of Studies 25

On initial review of the NDA/BLA application for filing:
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Criteria for Refusal to File (RTF): This OCP checklist applies to NDA, BLA submissions and 

their supplements

No Content Parameter Yes No N/A Comment

1 Did the applicant submit bioequivalence data 
comparing to-be-marketed product(s) and 
those used in the pivotal clinical trials?

x The to-be-marketed 

formulation tablets are 

identical to the Late Clinical 

Trial Material (CTM)

Formulation, which was used 

in the pivotal study TPU-TAS-

102-301

2 Did the applicant provide metabolism and 
drug-drug interaction information? (Note: 
RTF only if there is complete lack of 
information)

x

3 Did the applicant submit pharmacokinetic 
studies to characterize the drug product, or 
submit a waiver request?

x

4 Did the applicant submit comparative 
bioavailability data between proposed drug
product and reference product for a 
505(b)(2) application?

x

5 Did the applicant submit data to allow the 
evaluation of the validity of the analytical 
assay for the moieties of interest?

x

6 Did the applicant submit study 
reports/rationale to support dose/dosing 
interval and dose adjustment?

x

7 Does the submission contain PK and PD 
analysis datasets and PK and PD parameter 
datasets for each primary study that supports 
items 1 to 6 above (in .xpt format if data are 
submitted electronically)?

x

8 Did the applicant submit the module 2 
summaries (e.g. summary-clin-pharm, 
summary-biopharm, pharmkin-written-
summary)?  

x

9 Is the clinical pharmacology and 
biopharmaceutics section of the submission 
legible, organized, indexed and paginated in 
a manner to allow substantive review to 
begin?
If provided as an electronic submission, is 
the electronic submission searchable, does it 
have appropriate hyperlinks and do the 
hyperlinks work leading to appropriate 
sections, reports, and appendices?

x

           Complete Application
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10 Did the applicant submit studies including 
study reports, analysis datasets, source code, 
input files and key analysis output, or 
justification for not conducting studies, as 
agreed to at the pre-NDA or pre-BLA 
meeting? If the answer is ‘No’, has the 
sponsor submitted a justification that was 
previously agreed to before the NDA 
submission?

x
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Content Parameter Yes No N/A Comment

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
        Data
1 Are the data sets, as requested during pre-

submission discussions, submitted in the 
appropriate format (e.g., CDISC)? 

x

2 If applicable, are the pharmacogenomic data 
sets submitted in the appropriate format?

x

        Studies and Analyses
3 Is the appropriate pharmacokinetic 

information submitted?
x

4 Has the applicant made an appropriate 
attempt to determine reasonable dose 
individualization strategies for this product 
(i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)?

x

5 Are the appropriate exposure-response (for 
desired and undesired effects) analyses 
conducted and submitted as described in the 
Exposure-Response guidance?

x Sponsor proposed as PMC. 

6 Is there an adequate attempt by the 
applicant to use exposure-response 
relationships in order to assess the need for 
dose adjustments for intrinsic/extrinsic 
factors that might affect the 
pharmacokinetic or pharmacodynamics?

x Sponsor proposed as PMC.

7 Are the pediatric exclusivity studies 
adequately designed to demonstrate 
effectiveness, if the drug is indeed 
effective?

x Waivered from pediatric study 
requirements

8 Did the applicant submit all the pediatric 
exclusivity data, as described in the WR?

x Waivered from pediatric study 
requirements

9 Is there adequate information on the 
pharmacokinetics and exposure-response in 
the clinical pharmacology section of the 
label?

x ER analysis is proposed as 
PMC.

        General
10 Are the clinical pharmacology and 

biopharmaceutics studies of appropriate 
design and breadth of investigation to meet 
basic requirements for approvability of this 
product?

x

11 Was the translation (of study reports or 
other study information) from another 
language needed and provided in this 
submission?

x
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IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
YES

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

Xianhua (Walt) Cao Ph.D.                                                                                         January 28, 2015

Reviewing Clinical Pharmacologist Date

Hong Zhao Ph.D.                                                                                                       January 28, 2015

Team Leader/Supervisor Date
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